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MIL-STD-14720

FOREWORD

1. This Military Standard has been approved for use by all Departments
and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in. improving this document should be
addressed to: Commander, US Army Missile Command, ATTN: AMSMI-RD-SE-TD-ST,
Redstone Arsenal, AL 35898-5270, by using the self-addressed Standardization
Document Improvement Proposal (DO Form 1426) appearing at the end of this
document or by letter.

3. This standard establishes general human engineering criteria for
design and development of Military systems, equipment and facilities.
Its purpose is to present human engineering design criteria, principles and
practices to be applied in the design of systems, equipment and facilities
so as to:

a. Achieve required performance by operator, control and maintenance
personnel.

b. Minimize skill and personnel requirements and training time.

c. Achieve required reliability of personnel-equipment combinations. 4

d. Foster design standardization within and among systems.

4. This standard does not alter requirements for system development
participation of human engineering specialists to interpret and Implement
these practices and to provide solutions to human engineering problems which
arise and which are not specifically covered herein.

5. The use of the words "shall," "should," "may," and "will" in this
standard is in accordance with MIL-STD-962, wherein "shall" expresses a
provision that is binding, "should" and "may" express nonmandatory provisions,
and "will" expresses a declaration of purpose or simple futurity.

6. Requirements herein are expressed in the International System of units
(SI). As a convenience, the metric units are accompanied by their approximate
customary system equivalents (in parentheses). Angular measure is expressed
in radians or milliradians, except for 45, 900, 1801, 3600 , etc., which are
shown as multiples or divisions of w radians.
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HUMAN ENGINEERING DESIGN CRITERIA FOR MILITARY

SYSTEMS, EQUIPMENT AND FACILITIES

1. SCOPE

1.1 Scope. This standard establishes general human engineering designcriteria for military systems, subsystems, equipment and facilities.

1.2 Purpose. The purpose of this standard is to present human engineering
design criteeia, principles, and practices to achieve mission success through
integration of the human into the system, subsystem, equipment, and facility,
and achieve effectiveness, simplicity, efficiency, reliability, and safety of
system operation, training, and maintenance.

1.3 Aplication. This standard shall be applied to the design of all
systems, subsystems, equipment and facilities. Nothing in this standard shall
be construed as limiting the selection of hardware, materials, or processes to
the specific items described herein. Unless otherwise stated in specific
provisions, this standard is applicable to design of systems, subsystems,
equipment and facilities for use by both men and women. This standard is not

* intended to be a criterion for limiting useof materiel already in the field
in areas such as lift repetition or temperature exposure time, Where the
procuring activity establishes use by male personnel exclusively, the
following paragraphs are changed as noted below:

Paragraph Line From To

3.1 9 female (delete)
5.2.1.4.11 3 635 mm (25 in) 700 mm (28 in)
5.4.4.2 45 which..,adjustment) (delete)
5,4.4.3 5-7 The,...adjustment) (delete)
5.6.1 4 female, male (delete)
5.7.2.2 3 1.780 m (70 inches) 1.880 m (74 inches)
5.7.2.3 34 1.650 m (65 inches) 1.750 m (69 inches)
5.7.2.4 3 1.780 m (70 inches) 1.880 m (74 inches)
5.7.2.5 283 1.350 m (53 inches) 1.450 m (57 inches)
5.7.2.5 3&4 530 mm (21 inches) 560 m (22 inches)
5.7.3.4.2 2 380 mm (15 inches) 400 mm (16 inches)
5.7.3.6 3 1.170 m (46 inches) 1.220 m (48 Inches)
5.7.3.7 283 890 mm (35 inches) 940 mm (37 inches)
5.7.3.7 3 530 mm (21 inches) 560 mm (22 Inches)
5.7.3.9 3 860 mm (34 inches) 890 mm (35 inches)
5.7.3.10 2 740 mm (29 inches) 760 mn (30 inches)
5.7.6.1.4 23 685 mm (27 inches) 750 mm (29.5 inches)

1
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Table XX Al 1.170 m (46.0 in) 1.210 m (47.5 in)
1.335 m (52.5 in) 1.370 m (54.0 in)
1.435 m (56.5 in) 1.470 m (58.0 in)

A3&4 1.535 m (60.5 in) 1.570 m (62.0 in)
BI 520 mm (20.5 in) 560 mm (22.0 in)

83&4 620 mm (24.5 in) 660 mm (26.0 in)
Figure 30 G 150 mm (6 in) 125 mm (5 in)

H 190 mm (7.5 in) 165 mm (6.5 in)
Figure 36 B-Max 380 mm (15 inches) 410 mm (16 inches)
5.7.7.1.2 5 13 kg (29 ibs) 18 kg (40 ibs)
5.9.11.4.1 5-7 (Delete second and third sentences)

1.4 Force limits. If it is known that an item is to be used by an already
established military occupational specialty, for which physical qualification
requirements for entry into that specialty are also established, any
discrepancy between the force criteria of this standard and the physical
qualification requirements shall be resolved in favor of the latter. In this
event, the least stringent physical qualification requirement of all
specialties which may operate, maintain, transport, supply, move, lift or
otherwise manipulate the item, in the manner being considered, is selected as
a maximum design force limit. If such physical qualification requirements for
entry into a specialty do not cover the task addressed by the criteria herein,
the criteria herein shall govern.

1.5 Manufacturing tolerances. When manufacturing tolerances are not
perceptible to the use V this standard shall not be construed as preventing
the use of components whose dimensions are within a normal manufacturing upperor lower limit tolerance of the dimensions specified herein.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following specifica-
tions, standards, and handbooks form a part of this document to the extent
specified herein. Unless otherwise specified, the issues of these documents
are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the
solication (see 6.2).

SPECIFICATIONS

MILITARY

MIL-W-5044 Walkway Compound, Nonslip, and Walkway Matting, Nonslip

MIL-W-5050 Walkway Coating and Matting, Nonslip, Aircraft
Application of

MIL-L-5667 Lighting Equipment, Aircraft Instrument Panel, General
Specification for Installation of

MIL-P.7788 Panels, Information, Integrally Illuminated

tIL-A-0806 Acoustical Noise Level in Aircraft, General Specification
for

MIL-S-008806 Sound Pressure Levels in Aircraft, General Specification
for

MIL-S-9479 Seat System, Upward Ejection, Aircraft, General
Specification for

MIL-M-18012 Markings for Aircrew Station Displays, Design and
Configuration of

MIL-S-18471 System, Aircrew Automated Escape, Ejection Seat Type:
General Specification for

HIL-A-23121 Aircraft Environmental, Escape and Survival Cockpit
Capsule System, General Specification for

MIL-T-23991 Training Devices, Military. General Specification for

MIL-C-25050 Colors, Aeronautical Lights and Lighting Equipment,
General Requirements for
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MIL-L-25467 Lighting, Integral, Red, Aircraft Instrument, General
Specification for

MIL-C-25969 Capsule, Emergency Escape System, General Specification
for

STANDARDS

FEDERAL

FED-STD-515/17 Outside Rearview Mirror(s) for Automotive Vehicles

FED-STD-595 Col ors

MILITARY

MIL-STD-12 Abbreviation for Use on Drawings, Specifications,
Standards, and in Technical Documents

MIL-STD-129 Marking for Shipment and Storage

MIL-STD-130 Identification Markings of U.S. Military Property

MIL-STD-195 Marking of Connections for Electric Assemblies

MIL-STD-203 Aircrew Station Controls and Displays for Fixed Wing
Aircraft

MIL-STD-250 Aircrew Station Controls and Displays for Rotary Wing
Aircraft

MIL-STD-280 Definitions of Item Levels, Item Interchangeability,
Models and other related Terms

MIL-STD-411 Aircrew Station Signals

MIL-STD-415 Test Provisions for Electronic Systems and Associated
Equipment, Design Criteria for

MII-STD-454 Standard General Requirements for Electronic Equipment

t -STD-490 Specification Practices

MIL-STD-581 Identification Coding and Application of Hookup
and Lead Wire

MIL-STD-740-1 Airborne Sound Measurements and Acceptance Criteria
of Shipboard Equipment
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MIL-STD-783 Legends for Use in Aircrew Stations and on Airborne
Equipment

MIL-STD-850 Aircrew Station Vision Requirements for Military
Aircraft

MIL-STD-1179 Lamp, Reflectors and Associated Signalling
Equipment for Military Vehicles

MIL-STD-1180 Safety Standards for Military Ground Vehicles

MIL-STD-1247 Markings, Functions and Hazard Designations of Hose,
Pipe, and Tube lines for Aircraft, Missile and Space
Systems

MIL-STD-1280 Keyboard Arrangements

MIL-STD-1294 Acoustical Noise Limits in Helicopters

MIL-STD-1333 Aircrew Station Geometry for Military Aircraft

MIL-STD-1348 Knobs, Control, Selection of

MIL-STD-1473 Standard General Requirements for Color and Marking of
Army Materiel

MIL-STD-1474 Noise Limits for Army Materiel

MIL-STD-1787 Aircraft Display Symbology

HANDBOOKS

MILITARY

DOD-HDBK-743 Anthropometry of US Military Personnel

MIL-HDBK-759 Human Factors Engineering Design for Army Materiel

(Unless otherwise indicated, copies of federal and military specifications,
standards and handbooks are available from the Naval Publications and Fonos
Center (ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-6099.)

2.1.2 Other Government documents, drawings, and publications. The following
other government documents, drawings and publications form a part of this
document to the extent specified herein. Unless otherwise specified, the
issues are those cited in the solicitation.
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PUBLICATIONS

NAVY

OPNAVINST 5100.23B Hearing Conservation Program

AIR FORCE

AFR 161-35 Hazardous Noise Exposure (Regulation)

FEDERAL REGULATI ON

29 CFR 1910 Occupational Safety and Health Standards

(Copies of other government documents, drawings, and publications required
by contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed b( the contracting
officer.)

2.2 Non-Government publications. The following document(s) form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DoD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherwise specified, the issues
of documents not listed in the DOlSS are the issues of the documents cited in
the solicitation (see 6.2).

Human Engineering Guide to Equipment Design, 1972 Edition

(Application for copies should be addressed to the Superintendent of
Documents, US Government Printing Office, Washington, OC 20402)

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)

Threshold Limit Values

(Application for copies should be addressed to the ACGIH, 1014 Broadway,
Cincinnati, OH 45202.)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI S1.1 1960 Acoustical Terminology

ANSI S1.4 Sound Level Meters

ANSI S1.6 1967 Preferred Frequencies and Band Numbers for
Acoustical Measurements

ANSI S3.2 1960 Monosyllabic Word Intelligibility, Method for
Measurement of

6



MIL-STD-1472D

ANSI S3.5 1969 Articulation Index, Methods for the Calculation of

(Application for copies should be addressed to the American National
Standards Institute, Inc., 1430 Broadway, New York, NY 10018.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 380-84 Metric Practice, Standard for

ASTM F 1166-88 Standard Practice for Human Engineering design
Criteria for Marine systems equipment and facilities

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

INTERNATIONAL STANDARDIZATION ORGANIZATION (ISO)

ISO DIS 2631 Guide to the Evaluation of Human Exposure to
Whole Body Vibration

(Application for copies should be addressed to the American National

Standards Institute, Inc., 1430 Broadway, New York, NY 10018.)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

SAE J925 Minimum Access Dimensions for Construction
and Industrial Machinery

(Application for copies should be addressed to the Society of Automotive
Engineers, 400 Commonwealth Drive, Warrendale, PA 15096-0001.)

(Non-Government standards and other publications are normally available from
the organizations that prepare or distribute the documents. These documents
also may be available in or through libraries or other informational services.)

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.
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3. DEFINITIONS

3.1 Abort. A capability that cancels all user entries in a defined
transactFi'onsequence.

3.2 Accessible. Except where stated to the contrary herein or where
specific design values are given, an item is considered accessible only where
it can be operated, manipulated, removed or replaced by the suitably clothed
and equipped user with applicable 5th and 95th j)eroentile body dimensions.
Applicable body dimensions are those dimensions which are design-critical to
the operation, manipulation, removal or replacement task. (For example, an
adjustment control behind an aperture should be located sufficiently close to
the aperture to enable a suitably clothed and equipped user with a 5th
percentile female depth of reach to grasp and manipulate the adjustment
control, while the opening should be sufficently large to enable passage of
similarly clothed and equipped 95th percentile male hand and arm dimensions.
See 5.6.1.)

3.3 Advisory signal, A signal to indicate safe or normal configuration,
condition of performance, operation of essential equipment, or to attract
attention and impart information for routine action purposes.

3.4 Angle of incidence. The angle'between the line of direction of
anything (as a ray of light or line of sight) striking a surface and a line
perpendicular to that surface drawn to the point of contact.

ANGLE OF

IWJDT LINIE

3.5 Backup. A capability that returns a user to the last previous display in
a define triansaction sequence. Also refers to the practice of preserving a
second copy of files for data protection purposes.

3.6 Cancel. A capability that regenerates or re-initializes the current
display wiT ut processing or retaining any changes made by the user.

9
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3.7 Caution signal. A signal which alerts the operator to an impending
dangerous condition requiring attention, but not necessarily immediate action.

3.8 Command and control system equipment. The main mission element
equipment and related ground equipment used in collecting, transmitting,
processing, and displaying information for command and control.

3.9 Command language. A type of dialogue in which a user composes control
entries with minimal prompting by the computer.

3.10 Common hand tools. Items of tools found in common usage or applicable
to a variety of operations or to a single operation on a variety of material.
Screwdrivers, hammers, and wrenches are examples of common hand tools.

3.11 Control entry. User input for sequence control, such as function key
actuation, menu section, command entry, etc.

3.12 Data. The raw materials from which a user extracts information. Data
may incl'u--numbers, words, pictures, etc.

3.13 Data display. Output of data from a computer to its users.
Generally, the phrase denotes visual output, but it may be qualified to
indicate a different modality, such as an "auditory display."

3.14 D. User input of data for computer processing and computerresponsest toSc nputs.1

3.15 Data field. An area of the display screen reserved for user entry of
a data ite,

3.16 Data item. A set of characters of fixed or variable length that forms
a single itof data. Examples of a data item might be a person's name or a
ZIP code. Data items may be entered by a user or may be supplied by the
computer.

3.17 Data protection. Functional capabilities that guard against
unauthorized data access and tampering, user errors, and computer failure.

3.18 dB(A). The unit used to express sound level measured through the

A-weighting network of a sound level meter.

3.19 Decibel (dB). See para 3.58.

3.20 De-emphasis. The inverse of pre-emphasis, employed for the purpose of
restoring original vowel-consonant amplitude relationships in pre-emphasized
speech; primarily useful in maintaining the "natural" sound quality. (See
pre-emphasi s.)

3.21 Default value. A predetermined, frequently used value for a data
field or control entry, intended to reduce required user entry actions.

10
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3.22 Dialogue. A structured series of interchanges between a user and a
computer terminal. Dialogues can be computer initiated, e.g., question and
answer, or user initiated, e.g., command languages.

3.23 Dichotic. The condition in which the sound stimulus presented at one
ear differs from the sound stimulus presented at the other ear. The stimulus
may differ in sound pressure, frequency, phase, time, duration, or bandwidth.

3.24 Display format. The organization of different types of data in a
display, including information about the data such as labels, and other user
guidance such as prompts, error messages, etc.

3.25 Effective temperature. An arbitrary index which combines into a
single value the effect of temperature, humidity, and air movement on the
sensation of warmth or cold felt by the human body. The numerical value is
that of the temperature of still, saturated air which would induce an
identical sensation.

3.26 Enter. An explicit user action that effects computer processing of
user entrles-. For example, after typing a series of numbers, a user might
press an ENTER key that will add them to a data base, subject to data
validation.

3.27 Equipment. General term designating any item or group of items.

3.28 Equipment failure. An equipment failure is the cessation of the
ability to meet the minimum performance requirements of the equipment
specifications. Further, equipment failure shall imply that the minimum
specified performance cannot be restored through permissible readjustment of
operator controls.

3.29 Facilities. A physical plant, such as real estate and improvements
thereto, inTu building and equipment, which provides the means for
assisting or making easier the performance of a system function. The
facilities to which this standard apply are those in which personnel perform
system operational or maintenance duties.

3.30 Fail-safe design. Fail-safe design is one in which a failure will not

adversely affect thFesafe operation of the system, equipment, or facility.

3.31 Field. See "Data Field.u

3.32 File. A collection of data, treated as a single unit, that is stored
in a computer.

3.33 Function key. A key whose actuation will effect a control entry.

3.34 Hlp. A capability that displays information upon user request for
on-line guidance. HELP may inform a user generally about system capabilities,
or may provide more specific guidance in information handling transactions.
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3.35 Highlighting. Emphasizing displayed data or format features in some
way, e.g., through the use of underlining, bolding, or inverse video.

3.36 Human engineering design criteria. The summation of available
knowledge which defines the nature and limits of human capabilities as they
relate to the checkout, operation, maintenance or control of systems or
equipment, and which may be applied during engineering design to achieve
optimum compatibility between equipment and human performance.

3.37 Information. Organized data that users need to successfully perform
their tasks. Information serves as an answer to a user's questions about
data. It is used here to refer to the effective assimilation of data by a
user.

3.38 Inteirupt. Stopping an ongoing transaction in order to redirect the
course of the processing. Examples of interrupt options are ABORT, BACKUP,
CANCEL, and RESTART.

3.39 Luminance contrast. The contrast between the background and a figure
equals the difference between the higher luminance (Ll) and the lower
luminance (L2) divided by the lower luminance (L2); i.e.,

C . L1 - L2
L2

Conversions to the other contrast fomulae are as follows:

Li L2 L1-L2 LI-L2 L1-L2 Li
(brighter) (dimmer) -VT =-

100 50 1.0 0.50 (50%) 0.33 2.0
100 25 3.0 0.75 (75%) 0.60 4.0
100 10 9.0 0.90 (90%) 0.82 10.0

3.40 Luminance ratio (LR), The ratio of luminance between the target or
subject M 196e urrounding field or background. For projection systems, the
luminance ratio is equal to the light output of a projector (measured with no
film in the projector) reflected off the screen (image luminance) divided by
all the light falling on the screen (measured from the greatest viewing angle)
other than that actually forming the image (nonimage or background); i.e.,

LR L , where: L a Image or subject luminance
Ln  Ln - Nonimage or background luminance

3.41 Macro. The capability to allow the user to assign a single name or
functton-l "to a defined series of commands for use with subsequent command
entry. Sometimes called "smart key." Examples of use are storage of
addresses or signature blocks that are frequently used.

3.42 flaintatnability, design for. Design considerations directed toward
achieving those combined characteristics of equipment and facilities which
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0 3.43 Master caution (warning) signal. A signal which indicates that one or
more caution (warning) lights has been actuated.

3.44 Menu selection. A type of dialogue in which the user selects one itemi
out of a list of displayed alternatives, whether the selection is by pointing,
by entry of an associated option code, or by actuation of an assigned function
key.

3.45 Metric equivalents, abbreviations and prefixes. Table I has been used
herein in accordance with paragrap- of the Foreword.

TABLE I METRIC EQUIVALENTS. AB1REVIATIORS AND PREFIXES

TO COW4ERT FROM. Tat MULTIPLY §V'

DEGREE IANOE 4". RADIAN 6RI 1.745 32 E-02
FOOT tfhI METER 60 & O 246 -01
FOOT 2 Itt2 l ttt (.f~421 .9.21004 I-02

pOOr3 t"31 #*1ER3 tall) 3.331 M 6-02
FOOTCASIOLf ("--a.C LUX NMI IWS 211 "I0
FOOT LANSERT RIu cANOI PeA maTE*2 wool) 3.426 2611 04"

SNCH go. OR - ITER 2A"4 Go0 1 -02
Pdl uo2 ANIT (021I 11."1 am0C-"4

jNCW2 ",31 MIT10 3 1 I) M5 064M
04111411" tANGLE) IRAQ) RADIAN 4001 $4162 5 -44
OUNCE-FORCC 4001 GIWTON IN) 2.1"2 4-01
OUNCe-ANOHdI Wf a NENb MITER IN- *?M1 SU2 E-03
POUND 4*1 AVaROWPOIS KILOGRAM404 A&"j 0.334 V 01

PONMVII W 6WTONN On4 A "222 f 40

NANO i t0 16w-9 .I 102 4C V 1" 331
9

0400 a- 101.O It 10 of! 9 * 32
MILLI a10-3 MI41A 10 104 2

NOTE W 0IISO ATO 5P14WV SA UIR IIM04 AND TEN. TO
SIX DECAMAL PLACS. Y141 LIATE I tItOR tX011INI. A PUM1 00 MANUS SIGN AND rwO0
DIGIT'S VOLLONINO "a NUAMIR. REMIZINT 1441 F 0 Of It Y "CI 1444 MOUR It
T051 muJLIGMID

PORCXAWUI SiAsew -41 486S O 03"AW

tkWt Of WIS OF TABLE!
to CONVERT 23 TO "3.MULTIDI.Y 2 Gy UI3 40%1-4

a 2gm *A"3~ a SA t 0
ITO CONVERT 3 =3 To %1I. am"W 2S NY *"I 1-4a1

amm M at -1Mims3a k I
A MORA COWLETI USTNO AN O0CMScwON "AYV 0FOUO IN AST" 1 SO-Itf

3.46 Noise-cancelling (microphone)~. A feature which reduces the masking
effect of ambient noise upon speech 1mpressed on a microphone, usually by
providing equal access of the ambient noise to both surfaces of a diaphragm to

1.3



MIL-STD-1472D

achieve approximate equilibrium, effectively causing the noise to cancel
itself out. Since the talker's own voice output impinges on only one side of
the microphone diaphragm, the talker's signals are not subject to this
cancellation, and so are transmitted more favorably than if both ambient noise
and speech fell simultaneously upon one face of the diaphragm.

3.47 Nuclear, biological, chemical (NBC) survivability. NBC survivability
includes both the instantaneous, cumulative and residual effects of NBC
weapons upon a system including its personnel. NBC survivability describes
the capability of a system to withstand the NBC environment, including
decontamination, without losing the ability to accomplish its mission. For
any system to be considered survivable in an NBC contaminated battlefield, it
must have at least three essential characteristics: Decontaminability,
hardness, and compatibility.

(1) Decontamlnability is the ability of a system to be rapidly
decontaminated to reduce the hazard to personnel operating, maintaining and
resupplying it.

(2) Hardness is the ability of a system to withstand the materiel
damaging effects of NBC contamination and any decontamination agents and
procedures required to remove it.

(3) Compatibility is the ability of a system to be effectively
operated, maintained, and resupplied by persons wearing the full NBC
protective ensemble.

3.48 Page. The data appearing at one time on a single display screen.

3.49 Panel. The front face of an assembly, normally used for mounting
controls=Addisplays.

3.50 Panning. An orientation for display framing in which a user conceives
of the dTi layframe as moving over a fixed array of data. The opposite of
scrolling.

3.51 Peak,-cSipping (of speech signals). A technique for controlling
amplitude-relationships in speech by limiting the instantaneous
peak-amplitudes to improve intelligibility of speech, usually followed by
amplification of the signal to increase the amplitude of the clipped peaks to
their original level, with proportional increase of the weaker speech sounds.

3.52 Pre-emphasis. Systematic distortion of the speech spectrum to improve
intelligibility of speech sound by attenuating the low-frequency components of
vowels (relatively unimportant for intelligibility) and proportionately
increasing the amplitude of high-frequency vowel components and consonants
(highly important for intelligible speech transmission).

3.53 Prompt. An indicator provided by the computer that alerts the user
that the computer is ready, data should be entered, etc.

3.54 Query language. A type of dialogue in which users compose control
enterles or displaying specified data from a data base.
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3.55 Question and answer. A type of dialogue in which the computer
displays questions, one at a time, for a user to answer.

3.56 Scrolling. An orientation for display framing in which the user
conceives of data as moving behind a fixed display frame. The opposite of
panning.

3.57 Seat reference pRcnt (SRP). The point at which the center line of the
seat back surface (depressed) and seat bottom surface (depressed) intersect.
When the seat is positioned at the midpoint of the adjustment range(s), this
intersection point is called the neutral seat reference point. (See
MIL-STD-1333 for Army and Navy aircraft definition.)

3.58 Sound pressure level (SPL). The pressure of an acoustic wave; usually
expressed in decibels (dB), equal to 20 times the logarithm to the base 10 of
the ratio of the effective root-mean-square (rms) pressure of this sound to
the reference pressure, i.e.,

SPL - 20 logo 20pa

where P a the effective ( ms) sound pressure in micropascals (uPa) or
micronewtons per square meter (uN/M 2). (20uPa - 2OuN/M2 - 0.0002
microbar - 0.0002 dynes/cm2.)

* 3.59 Source documents. User's documents, which are a source of data
eventually processedI7the computer program, such as target lists, supply
codes, parts lists, maintenance forms, bills of lading, etc.

3.60 Special-tools. Tools not listed in the Federal Supply Catalog.

3.61 Speech Intelligibility. A measure of the percent of words, phrases or
sentences correctly understood over a given speech communication system in a
given noise situation. It may be measured, when complying with this standard,
by either the Phonetically Balanced (PB) Monosyllabic Word Intelligibility
Test or the Modified Rhyme Test (MRT). The former consists of a list of 1,000
words in which each word is spoken from n source and written down by a
listener at a destination. The latter consists of a list of 300 words In
which a word is spoken from a source and the listener at a destination
responds on a prepared multiple format selecting one of six words as the item
heard. Speech Intelligibility may also be predicted by the Articulation Index
(AI) in which calculation is performed of the peak speech-to-root-mean-square
noise ratio obtained in selected frequency bands from 200 to 7,000 Hertz (Hz),
i.e., peak amplitude of speech in relation to the root-mean-square amplitude
of the background noise.

3.62 Speech interference level (SIL). A measure of the effectiveness of
noise in masking speech, defined as the arithmetic average of the same
pressure levels of the interfering noise (in decibels re 2OuPa) in the four
octave bands centered on the frequencies 500, 1000, 2000, and 4000 Hz,. respectively. The unit of speech-interference Is the decibel.
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3.63 Speech signal processing. The modification of the electrical signal
representing speech to enhance the capability of a speech communications
channel. Some examples are simple analog processing, automatic gain control
(AGC), frequency shaping, peak clipping and syllabic compression.

3.64 Speech spectrum. A segment of the range of audible frequencies
containing the sounds of speech; defined as approximately the range from 80 to
8000 Hz.

3.65 Speech-to-noise ratio (peak speech to rms noise). The ratio between
the arithmetic mean of peak amplitudes of speech and the root-mean-square
(rms) amplitude of background noise.

3.66 Standard tools. Standard tools (normally hand tools) used for the
assembly, disassembly inspection, servicing, repair and maintenance of
equipment, and which are manufactured'by two or more recognized tool
manufacturing companies and listed in those companies' catalogs.

3.67 Stri.. In the user's context, a word, phrase, or number (string of
characteirs)in the test or file. Normally employed in the context of causing
the computer to search for, find, or replace a desired "string."

3.68 T. Initial entry and subsequent editing of textual material,
typified by messages.

3.69 Transaction. An action by a user followed by a response from the
computer, The te is used here to represent the smallest functional"molecule' of user-computer interaction.

3.70 Transillumination. Light passed through, rather than reflected off,
an element to be viewed, e.g., ilumination used on console panels or
indicators utilizing edge and/or back lighting techniques on clear,
translucent, flourescent, or sandwich type plastic materials.

3.71 Warning signal. A signal which alerts the operator to a dangerous
condition requiring immediate action.

3.72 Wet bulb globe temperature (QBaT. A meterological measurement which
can be used as an index to designate conditions of temperature and humidity at
which on-set of heat stress can be expected at a particular energy expenditure
level. It is calculated as follows:

WBGT a 0.7TWg + 0.2Tg + O.1TA,

where TWBnp a non-psychrometric (np) wet-bulb (WB) temperature

Tg = temperature at interior center of a 15.2 cm (6 in) black globe

TA - non-psychrometric, but shaded, dry bulb (air) temperature.

0
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4. GENERAL REQUIREMENTS

4.1 Objectives. Military systems, equipment and facilities shall provide
work environments which foster effective procedures, work patterns, and
personnel safety and health, and which minimize factors which degrade human
performance or increase error. Design shall be such that operator workload,
accuracy, time constraint, mental processing and communication requirements do
not exceed operator capabilities. Design shall also minimize personnel and
training requirements within the limits of time, cost, and performance
trade-offs.

4.2 Standardization. Controls, displays, marking, coding, labeling, and
arrangement schemes (equipment and panel layout) shall be uniform for common
functions of all equipment. Criterion for selecting off-the-shelf commercial
or Government equipment shall be the degree to which the equipment conforms to
this standard. Where off-the-shelf equipment requires modification in order
to interface with other equipment, the modification shall be designed to
comply with the criteria herein. Redesign of off-the-shelf equipment must
have the approval of the procuring activity.

4.3 Function allocation. Design shall reflect allocation of functions to
personnel, -eqipment and personnel-equipment combinations to achieve:

a. Required sensitivity, precision, time, and safety.

b. Required reliability of system performance.

c. Minimum number and level of skills of personnel required to operate
and maintain the system.

d. Required performance in a cost-effective manner*.

4.4 Human engineering design. The design of military systems, equipment
and facilities shall reflect human engineering, life support, and biomedical
factors that affect human performance, including, when applicable:

a. Satisfactory atmospheric conditions Including composition,
pressure, temperature and humidity, including safeguards against
uncontrolled variability beyond acceptable limits.

b. Range of acoustic noise, vibration, acceleration, shock, blast, and
impact forces and safeguards against uncontrolled variability
beyond safe limits.

c. Protection from thermal, toxicological, radiological, mechanical,
electrical, electromagnetic, pyrotechnic, .visual, and other
hazards.
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d. Adequate space for personnel, their equipment, and free volume for
the movements and activities they are required to perform during
operation and maintenance tasks under both normal and emergency
conditions.

e. Adequate physical, visual, auditory, and other communication
links between personnel, and between personnel and their
equipment, under both normal and emergency conditions.

f. Efficient arrangement of operation and maintenance workplaces,
equipment, controls, and displays.

g. Provisions for insuring safe, efficient task performance
under reduced and elevated gravitational forces with safe
guards against injury, equipment damage and disorientation.

h. Adequate natural or artificial illumination for the performance
of operation, control, training, and maintenance.

i. Safe and adequate passageways, hatches, ladders, stairways,
platforms, inclines, and other provisions for ingress, egress,
and passage under normal, adverse and emergency conditions.

j. Provision of acceptable personnel accommodations including
body support and restraint, seating, rest, and sustenance,
i.e., oxygen, food, water, and waste management.

k. Provision of non-restrictive personal life support and
protective equipment.

1. Provisions for minimizing psychophysiological stress effects
of mission duration and fatigue.

m. Design features to assure rapidity, safety, ease and economy
of operation and maintenance in normal, adverse and emergency
maintenance environments.

n. Satisfactory remote handling provisions and tools.

o. Adequate emergency systems for contingency management, escape,
survival and 'rescue.

p. Compatibility of the design, location and layout of controls,
displays, workspaces, maintenance accesses, stowage provisions
and passenger compartments with the clothing and personal
equipment (C/PE) to be worn by personnel operating, riding in,
or maintaining military systems or equipment. Task allocation
and control movements shall be compatible with restrictions
imposed on human performance by C/PE.
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4.5 Fail safe design. A fail safe design shall be provided in those areas
where failure can cause catastrophe through damage to equipment, injury to
personnel or inadvertent operation of critical equipment.

4.6 Simplicity of design. The equipment shall represent the simplest
design consistent with functional requirements and expected service
conditions, It shall be capable of being operated, maintained, and repaired
in its operational environment by personnel with a minimum of training.

4.7 Interaction. The design of the system shall reflect the interaction
requirements of crew served equipment.

4.8 Safety. Design shall reflect applicable system and personnel safety
factors, including minimization of potential human error in the operation and
maintenance of the system, particularly under the conditions of alert, battle
stress, or other emergency or non-routine conditions.

4.9 Ru gedness. Systems and equipment shall be sufficiently rugged to
withstand handling in the field during operation, maintenance, supply and
transport within the environmental limits specified for those conditions in
the applicable hardware or system specification.

. 4.10 Design for NBC survivability. As applicable, equipment design shall
be compatible with NBC protection and shall permit performance of
mission-essential operations, communications, maintenance, resupply and
decontamination tasks by suitably clothed, trained and acclimatized personnel
for the survival periods and NBC eniironments required by the system.
Equipment design shall also facilitate NBC hardness surveillance and shall
minimize susceptibility to reduction of inherent NBC hardness as a result of
maintenance/operator-induced errors/damage: i.e.,

a) NBC hardness shall be easily verifiable by maintenance personnel
before and after maintenance actions (hardness surveillance),

b) NBC hardness shall not be degraded when routine (scheduled) and
corrective (unscheduled) maintenance are performed,

c) Maintenance of the equipment's inherent NBC hardness shall not be
dependent on maintenance personnel expertise and critical
al ignments/maintenance actions.

4.11 Design for electromagnetic pulse (EMP) hardening. As applicable,
equipment design shall be compatible w ith EMP hardening requirements,
including personal accommodations such as EMP-hardened electrical power
outlets and antenna lead-ins within EMP-hardened facilities or spaces. Access
shall be provided to EMP-hardened facilities or spaces withoutthe need to
open doors or hatches which form part of an electromagnetic barrier protecting

1
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the space. Items such as surge arrestors, terminal protection devices, and 6
filters, which form part of an electromagnetic barrier for protection against
EMP effects, shall be accessible.
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5. DETAILED REQUIREMENTS

5.1 Control/display integration.

5.1.1 General criteria.

5.1.1.1 Relationship. The relationships of a control to its associated
display and tedisplay to the control shall be immediately apparent and
unambiguous to the operator. Controls shoul.d be located adjacent to (normally
under or to the right of) their associated displays and positioned so that
neither the control nor the hand normally used for setting the control will
obscure the display.

5.1.1.2 Deign. Control-display relationships shall be apparent through
proximity, IsFlTarity of groupings, coding, framing, labeling, and similar
techniques.

5.1.1.3 Complexity and precision. The complexity and precision required of
control manipulation and display monitoring shall be consistent with the
precision required of thE system. Control/Display complexity and precision
shall not exceed the capability of the operator (in terms of discrimination of
display detail) or exceed the operator's manipulative capability under the
dynamic conditions and environment (in tems of manual dexterity, coordination
or reaction time) in which human performance is expected to occur.

5.1.1.4 Feedback. Feedback on control response adequacy shall be provided as
rapidly as possible. Critical control functions, such as those entered by
keyboard, shall provide adequate feedback to the operator prior to entry to
ensure that the keyed entry is, in fact, errorless and the one that the operator
desires to enter.

5.1.1.5 Illumination. Adjustable illumination shall be provided for visual
displays, including display, control and panel labels and critical markings,
that nust be read at night or under darkened conditions.

5.1.1.6 Simultaneous access. If more than one crew member must have
simultaneous access toa particular group of controls or displays in order to
insure proper functioning of a system or subsystem, the operator assigned to
control and monitor a particular function or group of related functions shall
have physical and visual access to all controls, displays and communication
capability necessary to adequately perform assigned tasks.

5.1.2 Position relationships.

5.1.2.1 Functional grouping. Functionally related controls and displays
shall be located in proximity to one another--arranged in functional groups,
e.g., power, status, test.

5.1.2,1.1 Functional group arrangement.
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5.1.2.1..1 Sequence. Functional groups of controls and displays shall be
located to provide for left-to-right (preferred) or top-to-bottom order of
use, or both.

5.1.2.1.1.2 Access. Providing that the integrity of grouping by function
and sequence is not compromised, the more frequently used groups and the most
important groups should be located in areas of easiest access. Control-
display groups required solely for maintenance purposes shall be located in
positions providing a lesser degree of access relative to operating groups.

5.1.2.1.1.3 Functional group marking. Functional groups may be set apart
by outlining wit.h contrasting lines which completely encompass the groups.
Where such coding is specified by the procuring activity, and where gray
panels are used, noncritical functional groups (i.e., those not associated
with emergency operations) shall be outlined with a 1.5 mm (1/16 in) black
border (27038 of FED-STD-595), and those involving emergency or extremely
critical operations shall be outlined with a 5 mm (3/16 in) red border (21136
of FED-STD-595). As an alternate method, contrasting color pads or patches
may be used to designate both critical ind noncritical functional areas,
subject to prior approval by the procuring activity. When red compartment
lighting is used, an orangeyellow (235.8 of FED-STD-595) and black (27038 of
FED-STD-595) striped border shall be used to outline functional groups
involving amergency or extremely critical operations. Control-display areas
in aircraft crew stations shall be delineated in accordance with MIL-M-18012.

5.1.2.1.1.4 Consistency. Location of recurring functional groups and
individual items sIal6e similar from panel to panel. Mirror image
arrangements shall not be used.

5.1.2.2 Location and arrangement. Whenever an operator must use a large
number of controls and displays, their location and arrangement shall be
designed to aid in determining which controls are used with which displays,
which equipment component each control affects, and which equipment component
each display describes.

5.1.2.3 Arrangement within groups. Controls and displays within functional
groups shall be located according to operational sequence or function, or both.

5.1.2.3.1 Left-to-right arrangement. If controls must be arranged in fewer
rows than disPlaYs, controls affecting the top row of displays shall be
positioned at the far left; controls affecting the second row of displays
shall be placed immediately to the right of these, etc.

5.1.2.3.2 Vertical and horizontal arrays. If a horizontal row of displays
must be associated with a vertical column of controls or vice versa, the
farthest left item in the horizontal array shall correspond to the top item in
the vertical array, etc. However, this type of arrangement shall be avoided
whenever possible.
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5.1.2.3.3 Simultaneous use. A visual display that must be monitored
concurrently with manipulation of a related control shall be located so that
the operator is not required to observe the display from an extreme visual
angle and thus introduce the possibility of parallax error.

5.1.2.3.4 Multiple displays. When the manipulation of one control requires
the reading of several dsplays, the control shall be placed as near as
possible to the related displays and preferably beneath the middle of the
displays, but not so as to obscure displays when manipulating the control.

5.1.2.3.5 Combined control. When separate displays are affected by a
combined control (e.g., concentrically ganged knobs), the display shall be
arranged from left to right with the combined control underneath the center of
the displays, but not so as to obscure displays when manipulating controls.

5.1.2.3.6 Separate panels. When related controls and displays must be
located on separate panels and both panels are mounted at approximately the
same angle relative to the operator, the control positions on one panel shall
correspond to the associated display positions on the other panel. The two
panels shall not be mounted facing each other.

5.1.2.3.7 Component groups. When a group of equipment components has the
same function7-the related control and display positions shall be oriented to
correspond to those of the controlled and monitored components. (For example,. the position of aircraft engine controls shall be oriented as if the operator
faces the normal direction of vehicle movement.)

5.1.2.3.8 Emergency use. Emergency displays and conrtrols shall be located
where they can be seen and reached with minimum delay (e.g., warning lights
within a 30-degree cone about the operator's normal line of sight; emergency
control close to its related warning display or the nearest available hand in
its nominal operating position).

5.1.3 Movement relationships.

5.1.3.1 Lack of ambiguiltX. Display indicators shall clearly and
unambiguously direct and guide the appropriate control response. The response
of a display to control movements shall be consistent, predictable, and
compatible with the operator's expectations.

5.1.3.2 Time lag. The time lag between the response of a system to a
control input and the display presentation of the response shall be minimized,
consistent with safe and efficient system operation.

5.1.3.3 Moving pointer circular scales. Clockwise movement of a rotary
control or movement of a linear control forward, up, or to the right shall
produce a clockwise movement of circular scale pointers and an increase in
the magnitude of the setting.
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5.1.3.4 Moving pointer linear scales. Clockwise movement of a rotary
control or movement of a linear control forward, up, or to the right shall
produce a movement up or to the right for horizontal and vertical scale
pointers and an increase in the magnitude of the reading.

5.1.3.5 Fixed pointer circular scale. Displays with moving scales and
fixed pointers or cursors should e avoided. When circular fixed-pointer,
moving-scale indicators are necessary, clockwise movement of a rotary control
or movement of a linear control forward, up, or to the right shall normally
produce a counterclockwise movement of the scale and an increase in the
magnitude of the reading.

5.1.3.6 Fixed pointer linear scale. When use of vertical or horizontal
fixed polnter, mving-scale inaicators is necessary, clockwise movement of an
associated rotary control or movement of a linear control forward, up, or to
the right shall normally produce a movement of the scale down or to the left
and an increase in the magnitude of the reading.

5.1.3.7 Direct linkage. When there is a direct linkage between control and
display (e.g., radio frequency selector and station pointer), a rotary control
shall be used if the indicator moves through an arc of more than wrad (180).
If the indicator moves through an arc of less than wrad (180"), a linear
control may be used, provided the path of control movement parallels the
average path of the indicator movement and the indicator and control move inthe same relative direction.

5.1.3.8 Common plane. Controls shall be selected so that the direction of
movement of T cntro will be consistent with the related movement of an
associated display, equipment component, or vehicle.

5.1.3.9 Parallel movement. Direction-of-movement relationships shall be
adhered to Wien cotrol and display are parallel in line of movement.

5.1.3.10 Labeling. When control-display relationships specified herein
cannot be adhieir to, controls shall be clearly labeled (see para 5.5) to
indicate the direction of control movement required.

5.1.3.11 Movement direction. When a rotary control and a linear display
are in the same plane, the part of the control adjacent to the display shall
move in the same direction as the moving part of the display.

5.1.4 Control display movement ratio.

5.1.4.1 Minimization of time. Control display ratios for continuous
adjustment contrOls sMaii minimize the total time required to make the desired
control movement (i.e., slewing time plus fine adjusting time), consistent
with display size, tolerance requirements, viewing distance, and time delays.
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5.1.4.2 Range of displa movement. When a wide range of display element
movement is required, small movement of the control shall yield a large
movement of the display element. When a small range of display movement is
required, a large movement of the control shall result in small movement of
the display, consistent with final accuracy required.

5.1.4.3 Knob, coarse setting. When a knob is provided for making coarse
display element settings on linear scales -- 0.4 to 2.5 mm (0.016 to 0.100 in)
tolerance -- approximately 150 mm (6 in) display element movement shall be
provided for one complete turn of the knob.

5.1.4.4 Knob fine setting. For fine setting on linear scales--0.2 to
0.4 mm (0.009 to 0,0-16 inTtolerance--25 to 50 mm kl to 2 in) of display
element movement shall be provided for one complete turn of the knob.

5.1.4.5 Bracketing. When bracketing is used to locate a maximum or minimum
rather than a specifc value (e.g., as in tuning a transmitter), the control
knob shall swing through an arc of not less than 175 mrad (100) nor more than
525 mrad (300) either side of the target value in order to make the peak or
dip associated with that value clearly noticeable.

5.1.4.6 Lever coarse setting. When a lever is provided for coarse
settings -0.4 to . (0.016 to 0.100 in) tolerance--one unit of display
element movement shall be used to three units of lever movement.

0 5.1.4.7 Lever, two-dimensional setting. When a lever is provided to make
settings in two dimensions to coarse tolerances--2.5 mm (0.1 in)--one unit of
display element movement shall be used to two and one-half units of lever
movement.

5.1.4.8 Counters. When counters are provided, the control-display ratio
shall be suchtha-tone revolution of the knob produces approximately 50 counts
(i.e., the right hand drum rotates five times).
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5.2 Visual displays.

5.2.1 General. Visual displays should be utilized to provide the operator
with a clear indication of equipment or system conditions for operation under
any eventuality commensurate with the operational and maintenance philosophy
of the system under design.

5.2.1.1 Alerting/warning. An alerting/warning display shall provide the
operator with a greater probability of detecting the triggering condition than
his normal observation would provide in the absence of the display.

5.2.1.2 Display illumination and light distribution.

5.2.1.2.1 Display illumination.-

5.2.1.2.1.1 Normal. When maximum dark adaptation is not required, low
brightness whitTe- 7iTt (preferably integral and adjustable as appropriate) shall
be used; however, when complete dark adaptation is required, low luminance
[0.07 - 0.35 cd/m2 (0.02 - 0.10 fL)] red light (greater than 620 nm) shall be
provided.

5 2.1.2.1.2 Night vision device compatibility. Where night vision device
compatibility is required, display illumination color other than red may be
used. The lighting shall be continuously variable to the full OFF position.

* In the OFF position, no current shall flow through the lamps.

5.2.1.2.1.3 Field use panel dimming. When control or annunciator panels
will be viewed by personnel out of doors at night, maximum panel illumination
shall be provided when a dimming rotary control is at Its extreme clockwise
rotation. Maximum illumination Is that required by Tables XXI and XXII, as
applicable. No current shall be provided to luminaires at extreme counter-
clockwise rotaticn of a dimming control. Panel light levels shall be
continuously variable from 0.1 cd/M2 (0.03 fL) 4ear OFF to 3.5 cd/m2 (1 fL) at
50% of clockwise rotation.

5.2.1.2.2 Lioht distribution. Where multiple displays are grouped together,
lighting shall be balanced across the instrument panel such that the mean
indicator luminances of any two instruments shall not differ by more than 33%
across the range of full ON to full OFF. Light distribution shall be
sufficiently uniform within in integrally illuminated instrument such that the
ratio of standard deviation of indicator element luminances to mean indicator
lumirance shall not be more than 0.25, using eight or more equally spaced test
measurements.

5.2.1.2.3 Contrast. Sufficient contrast shall be provided between all
displayed information and the display background to ensure that the required
information can be perceived by the operator under all expected lighting
conditions.
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5.2.1.3 Information.

5.2.1.3.1 Content. The information displayed to an operator shall be
sufficient to allow the operator to perform the intended mission, but shall be
limited to that which is necessary to perform specific actions or to make
deci sions.

5.2.1.3.2 Precision. Information shall be displayed only within the limits
and precision required for specific operator actions or decisions.

5.2.1.3.3 Format. Information shall be presented to the operator in a
directly usea-elTrm. Requirements for transposing, computing,
interpolating, or mentally translating into other units shall be avoided.
Additional requirements for computer display formats are contained in 5.15.

5.2.1.3.4 Redundancy. Redundancy in the display of information to a single
operator shall Be avoided unless it is required to achieve specified
reliability.

5.2.1.3.5 Combining operator/maintainer information. Operator and
maintainer information shall not be combined in a singe display unless the
information content and format are well suited to, and time compatible for,
both users.

5.2.1.3.6 Display failure clarity. Failure of a display or its circuit
shall be immediately apparent to the operator. S

5.2.1.3.7 DIsplay circuit failure. Failure of the display circuit shall
not cause a failure In the equipment associated with the-display.

5.2.1.3.8 Unrelated markiins. Trademarks and company names or other
similar markings not reat to the panel function shall not be displayed on
the panel face.

5.2.1.3.9 Duration. Signals and display information shall have durations
of sufficient length to be reliably detected under expected operator workload
and operational environment.

5.2.1.3.10 Timeliness. Displays such as cathode ray tube displays, head-up
displays, collat isplays and other displays requiring refreshed
information shall be updated In a synchronous manner, where possible, and be
refreshed to the degree of timeliness required by personnel in the normal
operating or servicing mode.

5.2.1.3.11 Advisor and alerting. Displays such as multifunction displays,
cathode ray tube dsiays, head-up displays, collimated displays and other
visual display devices displaying simultaneous and integrated information
shall advise or alert operating personnel to information that becomes critical
within the display.
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5.2.1.3.12 NBC contamination. As applicable, display characteristics
(e.g., clarity, legibility) shall be compatible with viewing while wearing an

NBC protective mask. Displays or indicators that show the presence of NBC

agents shall also show when such agent concentrations decrease to safe levels.

5.2.1.3.13 Numeric digital displays. Numeric digital displays shall not be

used as the only display of information when perception of the pattern of

variation is important to proper perception. Numeric digital displays shall

not be used when rapid or slow digital display rates inhibit proper
perception.

5.2,1.4 Location and arrangement.

5.2.1.4.1 Location. Disolays shall be located and designed so that they
may be read to the degree of accuracy required by personnel in the normal
operating or servicing positions without requiring the operator to assume an
uncomfortable, awkward or unsafe position.

5.2.1.4.2 Access. Visual displays should be visually accessible without
resorting to use o ladders, flashlights or other special equlpment in order
to read the display.

5.2.1.4.3 Orientation. Display faces shall be perpendicular to the
operator's normal llne of sight whenever feasible and shall not be less than

v/4 rad (450) from the normal line of sight (see Figure 1). Parallax shall be
minimized.

5.2.1.4.4 Reflection. Displays shall be constructed, arranged, and mounted

to prevent re iuc"tiTon oT information transfer due to the reflection of the
ambient illumination from the display cover. Reflection of instruments and
consoles in windshields and other enclosures shall be avoided. If necessary,
techniques (such as shields and filters) shall be employed to insure that
system performance will not be degraded.

5.2.1.4.5 Vibration. Vibration of visual displays shall not degrade user
performance below the level required for mission accomplishment (see 6.8.4.2).

5.2.1.4.6 Groupina. All displays necessary to support an operator activity
or sequence oFactivities, shall be grouped together.

5.2.1.4.7 Function and sequence. Displays shall be arranged in relation to
one another according to their sequence of use or the functional relations of

the components they represent. They shall be arranged in sequence within
functional groups, whenever possible, to provide a viewing flow from left to
right or top to bottom.

5.2.1.4.8 Frequency of use. Displays used most frequently should be
grouped together and placed in the optimum visual zone (see Figure 2).
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5.2.1.4.9 Importance. Important or critical displays shall be located in a
privileged position in the optimum projected visual zone or otherwise
highlighted.

5.2.1.4.10 Consistency. The arrangement of displays within a system shall
be consistent in principle from application to application, within the limits
specified herein.

5.2.1.4.11 Maximum viewing distance. The viewing distance from the eye
reference point of the seated operator to displays located close to their
associated controls shall not exceed 635 mm (25 in). Otherwise, there is no
maximum limit other than that imposed by legibility limitations, which shall
be compensated for by proper design. NOTE: A viewing distance of up to
760 mm (30 inches) may be used with ejection seats.

5.2.1.4.12 Minimum viewing distance. The effective viewing distance to
displays, with-the exception of cathode ray tube displays (see 5.2.4.2) and
collimated displays, shall never be less than 330 mm (13 in) and preferably'
not less than 510 mm (20 in).

5.2.1.4.13 Aircrew station signals. Signals for aircrew stations shall be
in accordance with MIL-STD-411. Human Engineering design for other members of
the crew who occupy positions in the air vehicle other than on the flight deck
(such as in multi-engined specialized aircraft) shall be in accordance with
the criteria In this standard. (See 5.14.2.1)

5.2.1.5 Coding.

5.2.1.5.1 Objectives. Coding techniques shall be used to facilitate:

a. Discrimination between individual displays

b. Identification of functionally related displays

c. Indication of relationship between displays

d. Identification of critical information within a display

5.2.1.5.2 Techniques. Displays shall be coded by color, size, location,
shape, or flash coding, as applicable.

5.2.1.5.3 Standardization. All coding within the system shall be uniform
and shall be established by agreement with the procuring activity.

5.2.1.5.4 Symbolo. Symbology for Aircrew displays shall be in accordance
with MIL-STD-177.

5.2.2 Transillu, nated displays.
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5.2.2.1 General. Three general types of transilluminated displays that may
be used incTude:

a. Single- and multiple-legend lights, which present information in the
form of meaningful words, numbers, symbols, and abbreviations.

b. Simple indicator lights.

c. Transilluminated panel assemblies, which present qualitative-status
or system readiness information.

5.2.2.1.1 Use. Transilluminated indicators should be used to display
qualitative ino rmation to the operator requiring either an immediate reaction
by the operator, or to draw attention to an important system'status. Such
indicators may also be used occasionally for maintenance and adjustment
functions.

5.2.2.1.2 Equipment response. Lights, including those used in illuminated
push buttons, shall display equipment response and not merely control
position.

5.2.2.1.3 Information. Lights and related indicators shall be used
sparingly and shall di7play only that information necessary for effective.system operation.

5.2.2.1.4 Positive feedback. Changes in display status shall signify
changes in functional status rather than results of control actuation alone.
The absence or extinguishment of a signal or visual indication shall not be
used to denote a "malfunction," "no go," or "out-of-tolerance" condition;
however, the absence of a "power on" signal or visual indication shall be
acceptable to indicate a "power off" condition for operational displays
only--not for maintenance displays. The absence or extinguishment of a signal
or visual indication shall not be used to indicate a "ready" or "in tolerance"
condition, unless the status or caution light filament and its associated
circuitry can be easily tested by the operator and operator perception of such
events is not time critical.

5.2.2.1.5 G. Master caution, master warning, master advisory and
summation ligW use to indicate the condition of an entire subsystem shall
be set apart from the lights which show the status of the subsystem
components, except as required under paragraph 5.2.2.1.8.

5.2.2.1.6 Location. When a transilluminated indicator is associated with a
control, the Td Mtor light shall be so located that it can be associated
with the control without error and shall be visible to the operator during
control operation.

5.2.2.1.7 Location, critical functions. For critical functions, indicators
shall be located within 265 mrad (150) of the operator's normal line of sight

* (see Figure 2). Warning lights shall be an integral part of, or located
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adjacent to, the lever, switch, or other control device by which the operator
is to take action.

5.2.21.8 Maintenance displays. Indicator lights used solely for
maintenance and adjustment shall be covered or non-visible during normal
equipment operation, but shall be readily accessible when required.

5.2.2.1.9 Luminance. The luminance of transilluminated displays shall be
compatible with the expected ambient illuminance level, and shall be at least
10% greater than the surrounding luminance. Where glare must be reduced, the
luminance of transilluminated displays should not exceed 300% of the
surroundi ng l umi nance.

5.2.2.1.10 Luminance control. When displays will be used under varied
ambient illuminance, a dimming control shall be provided. The range of the
control shall permit the displays to be legible under all expected ambient
illuminance. The control shall be capable of providing multiple step or
continuously variable illumination. Dimming to full OFF may be provided in
non-critical operations, but shall not be used if inadvertent failure to turn
on an indicator could lead to critical operator failures, i.e., failure to
detect or perform a critical step in an operation.

5.2.2.1.11 False indication or obscuration. Provision shall be made to
prevent direct or reflected light from making indicators appear illuminated
when they are not, or to appear extinguished when they are illuminated.
Self-reflection shall be minimized by proper orientation of the display with
respect to the observer.

5.2.2.1.12 Contrast within the indicator. The luminance contrast
(See 3.17) within the indicator shall'be at least 0.1. This 0.1 luminance
contrast requirement does not apply to special displays specifically designed
for legibility in sunlight. For low ambient illumination applications (e.g.,
MIL-L-25467), this ratio should be at least 9.0 (See 3.17), with the
background luminance less than the figure luminance.

5.2.2.1.13 Lame redundancy. Incandescent display lamps shall incorporate
filament oedundancy or dua Tamps. When one filament or bulb fails, the
intensity of the light shall decrease sufficiently to indicate the need for
lamp replacement, but not so much as to degrade operator performance.

5.2.2.1.14 Lame testing. When Indicator lights using incandescent bulbs
are installed on a control panel, a master light test control shall be
incorporated. When applicable, design shall allow testing of all control
panels at one time. Panels containing three or fewer lights may be designed
for individual press-to-test bulb testing. Circuitry should be designed to
test the operation of the total indicator circuit. If dark adaptation is a
factor, a means for reducing total indicator light brightness during test
operation shall be provided.
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5.2.2.1.15 Lamp removal, method. Where possible, lamps shall be removable
and replaceable from the front of the display panel. The procedure for lamp
removal and replacement shall not require the use of tools and shall be easily
and rapidly accomplished.

5.2.2.1.16 Lamp removal safety. Display circuit design shall permit lamp
removal and replacement while power is applied without causing failure of
indicator circuit components or imposing personnel safety hazards.

5.2.2.1.17 Indicator covers. If design of legend screen or indicator
covers does not prevent inadvertent interchange, a means shall be provided for
checking the covers after installation to insure they are properly installed,

5.2.2.1.18 Color coding. With the exception of aircrew station signals
which shall co m to MIL-STD-411, and training equipment which shall conform
to MIL-T-23991, transilluminated displays shall conform to the following color
coding scheme, in accordance with Type I - Aviation colors of MIL-C-25050.

a. RED shall be used to alert an operator that the system or any
portion of the system is inoperative, or that a successful mission is not
possible until appropriate corrective or override action is taken. Examples
of indicators which should be coded RED are those which display such
information as "no-go", "error", "failure", "malfunction", etc.

b. FLASHING RED shall be used only to denote emergency conditions which
require operator action to be taken without undue delay, or to avert ilmpending
personnel injury, equipment damage, or both.

c. YELLOW shall be used to advise an operator that a condition exists
which is marginal. YELLOW shall also be used to alert the operator to
situations where caution, recheck, or unexpected delay is necessary.

d. GREEN shall be used to indicate that the monitored equipment is in
tolerance or a condition is satisfactory and that it is all right to proceed
(e.g., "go-ahead, "in-tolerance, 'ready", 'function activated*).

e. WHITE shall be used to indicate system conditions that do not have
"right" or "wrong" implications, such as alternative functions "e.g., Missile
No. 1 selected for launch, etc.) or transitory conditions (e.g., action or
test in progress, function available), provided such indication does not imply
success or failure of operations.

f. BLUE may be used for an advisory light, but preferential use of BLUE
should be avoided.

5.2.2.1.19 Flashinglights. The use of flashing lights shall be minimized.
Flashing lights should be used only when it is necessary to call the
operator's attention to some condition requiring immediate action. The flash
rate shall be within 3 to 5 flashes per second with approximately equal. amounts of ON and OFF time. Flashing lights which could be simultaneously
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active should have synchronized flashes. If the indicator is energized and
the flasher device fails, the light shall illuminate and burn steadily (see
5.3.2.4).

5.2.2.2 Legend lights.

5.2.2.2.1 Use. Legend lights shall be used in preference to simple
indicator lig-t except where design considerations demand that simple
indicators be used.

5.2.2.2.2 Color coding. Legend lights shall be color coded in conformance
with 5.2.2.1.18. Legend lights required to denote personnel or equipment
disaster (FLASHING RED), caution or impending danger (YELLOW), and master
summation go (GREEN) or no-go (RED), shall be discriminably larger, and
preferably brighter, than all other legend lights.

5.2.2.2.3 Positive vs negative legend. When the operator's dark adaptation
must be maintained, or where legibility in high ambient illumination is
critical, illuminated label/opaque background format shall be used and
illuminated background/opaque label format shall be used only for critical
alerting indicators (e.g., master warning lights). Where operator dark
adaptation is not required,, Illuminated background/opaque label format should
be used; contrast reversal may be employed under these conditions to designate
displays which have physical appearance similar to legend switches on the same
panel.

5.2.2.2.4 Letterin . The size and other characteristics of lettering shall
conform to 5erein, or as otherwise specified by the procuring activity.

5.2.2.2.5 Visibility and legibility. In other than aircrew stations, and
with the exception of warning and caution indicators, the lettering on
single-legend indicators shall be visible and legible whether or not the
indicator Is energized.7

5.2.2.2.6 Multi-function legends. Indicators designed to provide
alternately-presented legends shall present only one legend at a time, i.e.,
only the legend in use shall be visible. If the indicator device utilizes
"stacked* legends, it shall be designed so that:

a. When the rear legend is energized, it shall not be obscured by the
front legend.

b. Parallax is minimized.

c. Rear legends have approximately equal brightness to front legends,
and the contrast between rear legends and background is equal to that of the
front legend and its background.

5..2.3 Simple indicator lights.
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5.2.2.3.1 Use. Simple indicator lights should be used when design
considerations-preclude the use of legend lights.

5.2.2.3.2 Spac'ng. The spacing between adjacent edges of simple round
indicator light fixtures shall be sufficient to permit unambiguous labeling,
signal interpretation, and convenient bulb removal.

5.2.2.3.3 Coding. Simple indicator lights shall be coded in conformance
with Table I; however, the different sizes shown are intended only for the
attention-getting value that larger lights of at least equal luminance provide
in relation to indicator lights of lesser importance.

5.2.2.4 Transilluminated panel assemblies.

5.2.2.4.1 Use. Transilluminated (integrally lighted) panel assemblies may
be used to-

a. Provide illuminated labels for a control panel.

b. Provide a light source for illuminating transilluminated control
knobs.

c. Provide illuminated association markings on a control panel, e.g.,
connecting lines between controls, outlines around a functionally-related
group of controls or displays or both.

d. Create a pictorialized representation of a system process,
communication network, or other information/component organization.

5.2.2.4.2 Large, single pictorial graphic panels. Large, single pictorial
graphic panels, used to display system processing, communications networks or
similar applications, shall comply with requirements for visibility,
legibility, color and illumination as specified herein.

5.2.2.4.3 .Relamping. When replaceable Incandescent lamps are used as the
illuminant sour cefor-integral lighting of panel assemblies, lamps shall be
readily accessible without disconnecting the panel(s). A sufficient number of
lamps shall be provided so that failure of one lamp will not cause any part of
the display to be unreadable.

5.2.2.4.4 Brightness. Brightness of illuminated markings and
transillumlnated controls shall be compatible with the ambient environment and
operating conditions (e.g., dark adaptation requirements). Brightness control
(dinming) by the operator shall be provided where applicable to maintain
appropriate visibility and operator dark adaptation level.

5.2.3 Scale indicators.

5.2.3.1 General.
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5.2.3.1.1 Types of scale indicators. The types of scale indicators that
may be used include:

a. Moving-pointer, fixed-scale, circular, curved (arc), horizontal
straight, and vertical straight.

b. Fixed-pointer, moving-scale, circular, curved (arc), horizontal
straight, and vertical straight.

5.2.3.1.2 Use. The use of scale indicators should conform to the criteria
in Table III as well as the specific criteria contained in this section.
Moving-pointer, fixed-scale indicators are preferred to fixed-pointer,
moving-scale indicators. The latter should be used only when necessitated by
operational requirements or other conditions, and when approved by the
procuring activity.

5.2.3.1.3 Type of information. Scale indicators should be used to display
quantitative information in combination with qualitative information (such as
trend and direction-of-motion) and where only quantitative information is to
be displayed and there is no requirement (such as speed and accuracy of
response) which demands the use of printers or counters.

5.2.3.1.4 Linear scales. Except where system requirements clearly dictate
nonlinearity to satisfy operator information requirements, linear scales shall. be used in preference to nonlinear scales.

5.2.3.1.5 Scale markings.

5.2.3.1.5.1 Graduations. Scale graduations shall progress by 1, 2, or 5
units or decimal multipli-thereof.

5.2.3.1.5.2 Intermediate marks. The number of minor or intermediate marks
between numberescall pointers shall not exceed nine.

5.2.3.1.6 Numerals.

5.2.3.1.6.1 Ma or marks. Except for measurements that are normally
expressed in decimals, whole numbers shall be used for major graduation marks.

5.2.3.1.6.2 Starting point. Display scale shall start at zero, except
where this woul benappropriate for the function involved.

5.2.3.1.7 Pointers.

5.2.3.1.7.1 L . The control or display pointer should extend to, but
not overlap, th is-rtest scale graduation marks.

5.2.3.1.7.2 Tip configuration. The pointer tip should be tapered at a
350 mrad (200) angle [(40*) included angle], terminating in a flat tip equal. in width to the minor scale graduations.
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.5.2.3.1.7.3 Mounting. The pointer shall be mounted as close as possible to
the face of the dial to minimize parallax.

5.2.3.1.7.4 Color. Pointer color from the tip to the center of the dial
shall be the same-as the color of the marks. The tail of the pointer shall be
the same color as the dial face, unless the tail is used as an indicator
itself or unless the pointer is used for horizontal alignment.

5.2.3.1.8 Luminance contrast. Luminance contrast (see 3.17) of at least
3.0 shall be provided between the scale face and the markings and pointer.

5.2.3.1.9 Calibration information. Provision shall be made for placing

calibration information on instruments without degrading dial legibility.

5.2.3.1.10 Coding.

5.2.3.1.10.1 Use. Coding on the face of scale indicators may be used to
convey such information as desirable operating range, dangerous operating
level, caution, undesirable, and inefficient.

5.2.3.1.10.2 Pattern- or color-coding. When certain operating conditions
always fall within a given range on the scale, these areas shall be made
readily identifiable by means of pattern- or color-coding applied to the face
of the instrument.

. 5.2.3.1.10.3 Choice of colors. Red, yellow, and green may be applied,
provided they conform to the meanings specified in 5.2.2.1.18 and are
distinguishable under all expected lighting conditions.

5.2.3.1.10.4 Pattern coding. Zone scales may be shape coded when the
indicator must be vte e na backout stations or where the illuminant color
will cause difficulty in color band discrimination.

5.2.3.2 Moving-gointer, fixed-scale indicators.

5.2.3.2.1 Numerical progression. The increase of numerical progression on
fixed scales shall read clockwise, from left to right, or from the bottom up,
depending on display design and orientation.

5.2.3.2.2 Orientation. Numbers on stationary scales shall be oriented in

the upright psition.

5.2.3.2.3 Circular scales.

5.2.3.2.3.1 Scale reading and pointer movement. The magnitude of the scale
reading shall increase with clockwise movement of the pointer.

5.2.3.2.3.2 Zero position and direction of movement. When positive and
negative values are displayed around a zero or a null position, the zero or
null point shall be located at either the 12 or 9 o'clock position. The

0
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magnitude of positive values shall increase with clockwise movement of the
pointer, and the magnitude of negative values shall increase with
countercl ockwi se movement.

5.2.3.2.3.3 Scale break. There shall be an obvious break of at least
175 mrad (100) of arc between the two ends of the scale, except on
multirevolution instruments such as clocks.

5.2.3.2.3.4 Number of pointers. Whenever precise readings are required not
more than two coaxial pointers shall be mounted on one indicator face.

5.2.3.2.3.5 Pointer alignment. When a stable value exists for given
operating condit s In a group of circular-scale indicators, the indicators
shall be arranged either in rows so that all pointers line up horizontally on
the 9 o'clock position under normal operating conditions or in columns so that
all pointers line up vertically in the 12 o'clock position 6nder normal
operating conditions. If a matrix of indicators is needed, preference shall
be given to the 9 o'clock positicn.

5.2.3.2.3.6 Relative position of scale marks and numbers. When reading
time and accuracy are critical, circular scale markings and location of
associated numbers shall be arranged to prevent pointers from covering any
portion of the scale marks or numerals, and scale marks shall be on or close
to the plane of the pointer tip to avoid visual parallax (see Figure 3). If
readout accuracy is not critical (i.e., gross relationship between the pointer
and number is all that is required), an arrangement of numerals inside the
scale annulus may be used. (See examples in Figure 3).

5.2.3.2.4 Curved (arc), horizontal straight, and vertical straight scales.

5.2.3.2.4.1 Scale reading and pointer movement. The magnitude of the scale
reading shall Increase with movement of the pointer up or to the right.

5.2.3.2.4.2 Zero position and direction of movements. When positive and
negative values are displayed around a zero pointE the magnitude of positive
values shall increase with movement of the pointer up or to the right, and the
magnitude of negative values shall increase with movement of the pointer down
or to the left.

5.2.3.2.4.3 Placement of pointers. Pointers shall be located to the right
of vertical scales and at the bottom of horizontal scales.

5.2.3.2.4.4 Placement of numerals. Numerals shall be placed on the side of
the graduation mars ay from the pointer to avoid having numbers covered by
the pointer. If space is limited (for curved or arc scales) numerals may be
placed inside of graduation marks to avoid undue constriction of the scale.

5.2.3.2.4.5 Pointer alignment. When a common stable value exists for given
operating conditns in a group of Indicators, they shall be arranged either

4
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10 FOR MAXIMUM READING ACCURACY
(THE POINTER IS AN EQUAL DISTANCE -

NOMINAL 0.8-1. mm (0.031-4061 INO -
FROM ALL SCALE MARKS, NEVER
OVERLAPPMING ANY MARK OR NUMERAL)

TO PREV04T ON IMNMIZE VISUAL

AARAILLAX
ALTIRMATI FORMAT FOR GROSS

READING -OF INUMUIRI8

FIGURE 3I RELATIVE POSITION OF SCALE MARKS, NUMERALS,
AND POINTERS ON CIRCULAR DIALS
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in rows so that all pointers line up horizontally (for vertical scales) or in
columns so that all pointers line up vertically (for horizontal scales).

5.2.3.3 Fixed-pointer, moving-scale indicators.

5.2.3.3.1 Numerical progression. On fixed-pointer, moving scale
indicators, numbers shall progress in magnitude in clockwise direction around
the faces of circular dials (counter-clockwise dial movement for numerical
increase). On vertical or horizontal straight moving scales, numbers shall
increase from bottom to top or from left to right.

5.2.3.3.2 Orientation. Numerals on moving scales shall be upright when in
the reading position.

5.2.3.3.3 Alignment of pointer or fixed reference line. For circular
scales, alignment of pointer or fixed reference line shall be in the
12 o'clock position for right-left directional information and in the
9 o'clock position frr up-down information. Fnr purely quantitative
information, either position may be used.

5.2.3.3.4 Setting. If the display will be used for setting in a value
(e.g., tuning-7Tesred wavelength), the unused portion of the dial face
shall be covered, and the open window shall be large enough to permit at least
one numbered graduation to appear at each side of any setting.

5.2.3.3.5 Tracking. If the display will be used for trackitg, as in the
case of a direct onal indicator, the whole face of the dial shall be exposed.

5.2.3.3.6 Moving taedlpa s. When the scale length required for
acceptable re"uWtR accuracy exceeds the limits of the display package capacity
(i.e., compaction of scale marking would make the display illegible or subject
to readout error), moving tape scale fornat may be used.

5.2.3.3.7 Composite scalar/pictorial displays. Combinations of scales,
pointers and pictorialized symbols inaybe sed to combine functionally-related
information into a single instrument or display (e.g., artificial horizon,
comand heading, true/relative bearing). Design of significant reference
features (e.g., aircraft or ship symbols, horizon, altitude or pitch scales)
shall conform to the general criteria herein for direction-of-motion,
scale-pointer relationships, and legibility.

5.2.4 Cathode ray tube (CRT) displays.

5.2.4.1 Signal size. When a target of complex shape is to be distrgoiIshed
from a nontai9'its pe that is also complex, the target signal should subtend
not less than 6 mrad (20 minutes) of visual angle and should subtend not less
than 10 lines or resolution elements. Image quality shall be consistent with
the operator's needs.
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5.2.4.2 Viewing distance. A 400 mm (16 in) viewing distance shall be
provided whenever practicable. When periods of scope observation will be
short, or when dim signals must be detected, the viewing distance may be
reduced to 250 mm (10 in). Design should permit the observer to view the
scope from as close as desired. Displays which must be placed at viewing
distances greater than 400 mm (16 in) due to other considerations shall be
appropriately modified in aspects such as display size, symbol size,
brightness ranges, line-pair spacing and resolution.

5.2.4.3 Screen luminance. The ambient illuminance shall not contribute
more than 25% of screen brightness through diffuse reflection and phosphor
excitation. A control shall be provided to vary the CRT luminance from 10% of
minimum ambient luminance to full CRT luminance. A control shall be provided
to vary the luminous symbol/dark background or dark symbol/luminous background
contrast ratio. Contrast adjustment shall not be included in flight deck
displays because they are disallowed by FAA regulation.

5.2.4.4 Faint sipnals. When the detection of faint signals is required and
when the amb-ent illuminance may be above 2.7 lux (0.25 ft-c), scopes shall be
hooded, shielded, or recessed. (In some instances, a suitable filter system
may be employed, subject to approval by the procuring activity.)

5.2.4.5 Luminance range of adjacent surfaces. The luminance range of
surfaces imidiately adjacent to scopes shall be between 10% and 100% of
screen background luminance. With the exception of emergency indicators, no
light source in the immediate surrounding area shall be of a greater luminance
than the CRT signal.

5.2.4.6 Abient illuminance, The ambient illuminance in the CRT area shall
be appropriateVfor othe-r vi-l functions (e.g., setting controls, reading
instruments, maintenance) but shall not degrade the visibility of signals on
tho CRT display. When a CRT display is used in variable ambient illuminance,
illuminance controls shall be provided to dim all light sources, including
illuminated p ,els, indicators and switches in the immediate surround.
Automatic adjustment of CRT brightness may be used if the CRT brightness is
automatically adjusted as a function of ambient lUluminance and the range of
automatic adjustment is adequate for the full range of ambient illum'nsnce.

5.2.4.7 Reflected glare. Reflected glare shall be minimized by proper
placement oMM scope relative to the light source, use of a hood or shield,
or optical coatings on the CRT or filter control over the light source.

5.2.4,.B Adjacent surfaces. Surfaces adjacent to the scope shall have a
dull matte Fi s, .... ...

5.2.4.9 Pictorial/graphic situation formats, Pictorial or situation data
such as plan position IndicatMor data,shall be presented as luminou3 symbols/
dark background.
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5.2.4.10 Font legibility. Where alpha-numeric characters appear on
CRT-like displays, the font style shall allow discrimination of similar
characters, such as letter 1 and number 1; letter Z and number 2.

5.2.5 Large-screen displays.

5.2.5.1 Use. Large-screen displays may be used when:

a. A group of operators frequently refer to the same information and
are required to interact as a team, based on the same information.

b. One or more members of a team of operators must move about, yet
require frequent referral to information requirod to make decisions, but which
they cannot carry with them, or do not have displayed at their assigned
position(s).

c. Space or other constraints preclude the use of individual displays
for each team member to call up commonly-used information.

d. It may be desirable to have general information available to persons
who should not interrupt on-going group operations by looking over the
shoulder(s) of individual operator(s) to see their individual displays.

5.2.5.2 Avoidance. Large-screen displays shall be used only when the
spatial and environmental conditions allow satisfactory observational geometry
to insure that all critical operators have appropriate visual access in terms
of viewing distance, angle and lack of interference from intervening objects,
personnel or ambient lighting. If the display is optically projected, see
5.2.6.6.

5.2.5.3 Viewing distance. The display shall not be placed further from an
observer thn al provideappropriate resolution of critical detail presented
on the display (see legibility requirements of 5.5). The display shall not be
closer to any observer than 1/2 the display width or height, whichever is
greater.

5.2.5.4 Physical interruption of view. Large screen displays shall not be
located wit respect to critical observers so that the view of the display is
obscured regularly by persons moving about--by normal traffic patterns.

5.2.5.5 Control of displayed information. Control of large-screen group
display systems shall ensure that critical-information cannot be modified
or deleted inadvertently or arbitrarily; and therefore:

a. Control of changes in the group display shall be under the control
of designated operators who operate according to pre-established procedures,
upon command of a person in charge, or both.

b. When an individual must make changes that are of interest only to
him or her, a separate, remote display shall be provioed.
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5.2.5.6 Content of displayed information. The content of displayed
information shall be evident to a trained observer without requiring reference
to display control settings.

5.2.6 Other displays.

5.2.6.1 General.

5.2.6.1.1 Types. Where applicable, direct-reading counters, printers,
plotters, flags, optical projection, LED, gas discharge, liquid crystal and
electroluminescent displays may be used.

5.2.6.1.2 Applications. The selection of the above types of displays for
various applications should be based on the following specific criteria as
well as the criteria in Table III.

5.2.6.2 Counters.

5.2.6.2.1 Use. Counters should be used for presenting quantitative data
when a contin-us trend indication is not required and when a quick, precise
indication is required.

5.2.6.2.2 Mounting. Counters shall be mounted as close as possible to the
* panel surface so as to minimize parallax and shadows and maximize the viewing

angle.

5.2.6.2.3 Spacing between numerals. The horizontal separation between
numerals shall be between one-quarter and one-half the numeral width, Commas
shall not be used.

5.2.6.2.4 Movement.

a. Snap action. Numbers shall change by snap action in preference to
continuous movement.

b. Rate. Numbers shall follow each other not faster than 2 per second
when the observer is expected to read the numbers consecutively.

c. Direction. The rotation of the counter reset knob shall be
clockwise to increase the counter indication or to reset the counter.

d. Reset. Counters used to indicate the sequencing of equipment shall
be designe to -be reset automatically upon completion of the sequence.
Provision shall also be made for manual resetting. Where pushbuttons are used
to manually reset mechanical counters, actuating force required shall not
exceed 16.7 N (60 oz).

5.2.6.Z.5 Illumination. Counters shall be self-illuminated when used in
areas in which ambient-Ilumination will provide display luminance below

* 3.5 cd/M2 (1 ft-L).
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5.2.6.2.6 Finish. The surface of the counter drums and surrounding areas
shall have a IT-iinish to minimize glare.

5.2.6.2.7 Contrast. Color of the numerals and background shall provide
high contrast (black on white or converse, as appropriate).

5.2.6.3 Printers.

5.2.6.3.1 Use. Printers should be. used when a visual record of data is
necessary or e'irable. Use of printers should conform to Table Ill.

5.2.6.3.2 Visibility. The printed matter shall not be hidden, masked or
obscured in a manner that impairs direct reading.

5.2.6.3.3. Contrast. A minimum of 3.0 luminance contrast shall be provided
between the printed material and the background on which it is printed.

5.2.6.3.4 Illumiination. The printer shall be provided with internal
illumination if the printed matter is not legible in the planned operational
ambient illumination.

5.2.6.3.5 Take-up provision. A take-up device for printed material shall
be provided.

5.2.6.3.6 Annotation. Where applicable, printers should be mounted so that
the printed a ere7g., paper, metalized paper) may be easily annotated W
while still in the printer.

5.2.6.3.7 Leibility. The print output shall be free from character line
misregistrati i carter tilt or smear.

5.2.6.3.8 PH Led. es. The information on the tapes shall be printed in
such a manner-that-t can be read as it is received from the machine without
requiring the cutting and pasting of tape sections.

5.2.6.3.9 Control, replenishment and service. Printers shall conform to
the criteria oT 5. Z.6.4.8.

5.2.6.4 P.O'2ters and recorders.

5.2.6.4.1, Use. Plotters and recorders may be used when a visual record of
continuous grapic data is necessary or desirable.

5.2.6.4.2 Vjii4litl. Critical graphics (those points, curves and grids
that must be oerv" dwen the recording is being made) shall not be obscured
by pen assembly, arm or other hardware elements.

5.2.6.4.3 Contrast. A minimum of 1.0 luminance contrast (see 3.17) shall
be provided bi'Eween "te plotted function and the background on which it is
drawn.
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5.2.6.4.4 Take-uo device. A take-up device for extruded plotting materials
shall be provided when necessary or desirable.

5.2.6.4.5 Job aids. Graphic overlays should be provided where these may be
critical to proper interpretation of graphic data as it is being generated.
Such aids shall not obscure or distort the data.

5.2.6.4.6 Smudging/smearing The plot should be resistant to smudging or
smearing under operational use.

5.2.6.4.7 Annotation. Where applicable, plotters and recorders should be
designed or mounted so that the operator can write on or mark the paper while
it is still in the plotter/recorder.

5.2.6.4.8 Control, replenishment and service. Plotters and recorders shall
conform to criteria herein with regard to:

a. Controls and displays used to start, stop or adjust the machine and
critical operating elements.

b. Positive indication of the remaining supply of plotting materials
(e.g., paper, ink, ribbon).

c. Insertion, adjustment for operation, and removal of paper,O replenishment of ink supply, replacement of pen or other items determined to be
operator tasks, without requiring disassembly, special equipment or tools.

d. Minor servicing on site by a technician, e.g., adjustment of drive
system, cleaning, or replacement of operating items that ordinarily would
not be available to an operator.

5.2.6.5 Flags.

5.2.6.5.1 Use. Flags should be used to display qualitative, non-emergency
conditions. 'Usi of flags should conform to Table III.

5.2.6.5.2 Mounting. Flags shall be mounted as close to the surface of the
panel as possTbTeWithout restricting their movement or obscuring necessary
information.

5.2.6.5.3 Snap action. Flags shall operate by snap action.

5.2.6.5.4 Contrast. A minimum of 3.0 luminance contrast (see 3.17) shall
be provided betw-en fags and their backgrounds under all expected lighting
conditions.

5.2.6.5.5 Malfunction indication. When flags are used to indicate the
malfunction of a visual display, the malfunction position of the flag shall
obscure part of the operator's view of the malfunctioning display and shall be
readily apparent to the operator under all expected levels of illumination.

0
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5.2.6.5,6 Legend. When a legend is provided on the flag, the lettering
shall appear upright when the flag assumes the active or no-go position.

5.2.6.5.7 Test provision. A convenient means shall be provided for testing
the operation of flags.

5.2.6.6 Large screen optical projection displays.

5.2.6-6.1 Use. Providing ambient light can be properly controlled, optical
projection dispTays are suitable for applications requiring group
presentation, pictorial and spatial information, past history vs real-time
presentation, synthetically generated pictures, simulation of the external
world and superposition of data from more than one source. Rear projection
shall be used where physical obstructions to front projection result in poor
visibility or where work areas require high ambient illumination for other
activities.

5.2.6.6.2 Seating area. Viewing distance/image width relationship and
off-center viewing of optical projection displays for group viewing should
conform to the preferred limits of Table IV and shall not exceed the
acceptable limits indicated. For individual viewing from a fixed location,
off-centerline viewing shall not exceed 175 mrad (10*).

TABLE IV. GROUP VIEWING OF OPTICAL PRUJECTION DISPLAYS

PREFERRED ACCEPTABLE
FACTOR OPTIMUM LIMITS LIMITS

Ratio of Wowing distnce 4 3-4 2-8
screen diagonal

Angle off cmnwlia 0 wed (00) 350 mred (200) 525 mad (300)

"lmsg luminaio (no fin In
operawiog pwojectot) 35 odlm 2  27-48 cd/rm2  17-10 ed/m 2

(10 ft-L) (8-14 ft-U (5-20 ft-L)

Luminance vawiation aross scroeen
(ratio of noxlmum to mtnmam
luminancal 1 1.5 3.0

LumJr.nam vwlstion as a function
of viewing location (ratio of mximum
to miWoMwa kumlNmI 1 2.0 4.0

ambient liglht
Ratio of omb- ........ 0 0.002-0.01 0.1 no

brightest part of image

'For still projections highw values nybe used
S**or prusentations not involving gry sale or color 1#@.. liew draing, tables) 0.2 may be used.
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5.2.6.6.3 Image luminance and light distribution. Image luminance and
light distribution should conform to the preferred limits and shall not exceed
the acceptable limits of Table IV. In any case, the luminance of the screen
center at maximum viewing angle shall be at least half its maximum luminance.

5.2.6.6.4 Legibility of projected data.

5.2.6.6.4.1 Style. A simple style of numerals and letters shall be used.
Capital letters shall be used, rather than lower case, except for extended
copy or lengthy messages. Stroke width shall be 1/6 to 1/8 of numeral or
letter height, but may be narrower for light markings on a dark background.
Stroke width shall be the same for all letters and numerals of equal height.
Letter and numeral widths, character spacing and word spacing shall conform to
5.5.5.5, 5.5.5.6, 5.5.5.10, and 5.5.5.11, respectively.

5.2.6.6.4.2 Size. The height of letters and numerals should be not less
than 4.5 mrad (T"minutes) of visual angle and, in no instance, shall be
less than 3 mrad (10 minutes) as measured from the longest anticipated
vi ewi ng di stance.

5.2.6.6.4.3 Contrast.

5.2.6.6.4.3.1 Luminance ratio. Under optimal ambient lighting conditions,
the luminance ratio (see 3.18) for optically projected displays should be

* 500:1. The minimum luminance ratio for viewing charts, printed text and other
linework via slides or opaque projectors shall be 5:1. For projections which
are limited in shadows and detail, such as animation and photographs with
limited luminance range, the minimum luminance ratio shall be 25:1. For
images which show a full range of colors (or grays in black-and-white
photographs), the minimum luminance ratio shall be 100:1.

5.2.6.6.4.3.2 Direction of contrast. Contrast may be either light on a
dark background oF-vice-versa, excepT where superposition is used. For
subtractive superposition (at the source), data shall be presented as dark
markings on a transparent background. For additive superposition (at the
screen), data shall be presented as light markings on an opaque background.
Colored markings against colored backgrounds of comparable brightness shall be
avoided.

5.2.6.6.4.4 Alinment. Misregistration of superimposed aliphanumeric data
or other symbols shall be minimized.

5.2.6.6.5 Keystone effects. Projector-screen arrangement shall minimize
"keystone effect," eg.. Us-tortion of projected data proportions due to
non-perpendicularity between projector and screen.

5.2.6.7 Light emitting diodes (LEDs).

5.2.6.7.1 General. In general, the standard for LEDs shall be the same as
the requirements for transilluminated displays, paragraph 5.2.2 of this
standard, unless specified below.
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5.2.6.7.2 Use. LEDs may be used for transilluminated displays, including
legend and simple indicator lights, and for matrix (alphanumeric) displays,
only if the display is bright enough to be readable in the environment of
intended use (enclosure, bright sunlight, low temperature).

5.2.6.7.3 Intensity control. The dimming of LEDs should be compatible with
the dimming oT incandescent lamps.

5.2.6.7.4 Color coding. LED color coding shall conform to 5.2.2.1.18,
herein, with the exception of red alpha-numeric displays; however, red LEDs
should not be located in the proximity of red lights used as outlined in
5.2.2.1.18.

5.2.6.7.5 Lamp testing. LED indicator lights with 100,000 hours or longer
MTBF (mean tie between failure) shall not require the lamp test capability
specified in 5.2.2.1.14.

5.2.6.8 Dot matrix/segmented displays.

5.2.6.8.1 General. The design criteria below shall be applied to those
displays (LED-77rgas discharge, liquid crystal and incandescent) used for
the presentation of alphanumeric and symbolic information.

5.2.6.8.2 Use, Dot matrix, fourteen segment and sixteen segment displays
may be used forapplications involving interactive computer systems,
instruments, avionics, navigation and communication equipment, where the
presentation of alphanumeric, vector-graphic, symbolic or real-time 4
information is required. Seven segment displays shall only be used for
applications requiring numeric information.

5.2.6.8.3 Symbol definition. The smallest definition for a dot matrix
shall be 5 by dots, with 7by 9 preferred. If system requirements call for
symbol rotation, a minimum of B by 11 is required, with 15 by 21 preferred.

5.2.6.8.4 Alphanumeric character and symbol sizes. Alphanumeric and
symbolic characters shall not su tend less than 4.7 mrad (16 min) of visual
angle. Flight display characters, which must be read urder aircraft
environmental conditions, shall subtend not less than 7 mrad (24 min) of
visual angle.

5.2.6.8.5 Use of uper case. Alphanumeric characters shall be upper case.

5.2.6.8.6 Viewing an~le. The optimum viewing angle is perpendicular to
the display. maot ma~..-r segmented displays should not be presented for
viewing at an angle larger than 610 mrad (350) off axis.

5.2.6.8.7 Emitter color. Monochromatic displays shall use the following
colors in-order Of eerence: green (555nm), Yellow (575nm), orange (585nni),
and red (660nm). Blue emitters should be avoided.
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5.2.6.8.8 Intensity control. Dimming controls shall be provided where
applicable to maintain appropriate legibility and operator dark adaptation
level.

5.2.6.8.9 Display testing. See 5.2.6.7.5.

5.2.6.8.10 Location of red alphnumeric LEDs/segmented displays. Red LEDs/
segmented displ'ays shall not be grouped with or l ocated adjacent to red
warning lights.

5.2.6.9 Electroluminescent displays.

5.2.6.9.1 Use. ,Electroluminescent displays may be used wherever system
requirements ?ictate the use of transilluminated displays. In addition, they
may replace existing mechanical instrumentation while offering advantages of
lighter weight, conservation of panel spate, lower power requirements, lack of
heat production, uniform distribution of illumination, longer life,
elimination of parallax and flexibility of display. Electroluminescent
displays may also be used where sudden lamp failure could result in
catastrophic consequences.

5.2.6.9.2 Alphanumeric character and sybol sizes. The height of
alphanumeric characters and eometric-and pictorial symbols shall not subtend
less than 4.5 mrad (15 minutes) of visual angle. Alphanumerical characters
shall be composed of upper case letters. Flight display alphanumerics shall
not subtend less than 7 mrad (24 minutes) of visual angle to insure adequate
legibility under aircraft environmental conditions.
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5.3 Audio displas. 
MIL-STD-1472D

5.3.1 General.

5.3.1.1 Use. Audio displays should be provided when:

a. The information to be processed is short, simple, and transitory,
requiring immediate or time-based response.

b. The common mode of visual display is restricted by over-burdening;
ambient light variability or limitation; operator mobility; degradation of
vision by vibration, high g-forces, hypoxia, or other environmental
considerations; or anticipated operator inattention.

c. The criticality of transmission response makes supplementary or
redundant transmission desirable.

d. It is desirable to warn, alert, or cue the operator to subsequent

additional response.

e. Custom or usage has created anticipation of an audio display.

f. Voice communication is necessary or desirable.

5.3.1.2 Signal typ. When an audio presentation is required, the optimum
type of signal shoul be presented in accordance with the Table V.

5.3.1.3 False alarms. The design of audio display devices and circuits
shall preclude" flsealarms.

5.3.1.4 Failure. The audio display device and circuit shall be designed to
preclude warning signal failure in the event of system or aquipment failure
and vice versa.

5.3.1.5 Circuit test. All audio displays shall be equipped with circuit
test devicesor oTer mans of operability test.

5.3.1.6 Aircrew stations. Audio si3nals for air crew stations shall
conform to TI -611, where applicable.

5.3.1.7 Use with several visual displays. One audio signal may be used in
conjunction p05 several visual displays,.provided that immediate
discrimination is not critical to personnel safety or system performance.

5.3.2 Audio warnings.

5.3.2.1 Warning signals. Audio signals should be provided, as necessary,.
to warn personnel of impending danger, to alert an operator to a critical
change in system or equipment status, and to remind the operator of a critical
action or actions that must be taken. An alerting/warning system or signal
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TABLE V. FUNCTIONAL EVALUATION OF AUDIO SIGNALS

TYPE OF SIGNAL
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Mvidie) (Non~eioldic) VEC

POOR POOR
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shall provide the operator with a greater probability of detecting the
triggering condition than his normal observation would provide in the absence
of the alerting/warning system or signal. NOTE: Certain audio signals have
been standardized for aircraft use by joint service and international
agreement. Stipulation of audio signals for future aircraft design should be
in consonance with these agreements (see MIL-ST-411).

5.3.2.2 Nature of signals. Audio warning signals should normally consist
of two elements: an alerting signal and an identifying or action signal.

5.3.2.2.1 Two element signals. when reaction time is critical and a two
element signal is necessary, an alerting signal of 0.5 second duration shall
be provided. All essential information shall be transmitted in the first
2.0 seconds of the identifying or action signals.

5.3.2.2.2 Single element signal. When reaction time is critical, signals
shall be of short duration. If a single element signal is permissable, all
essential information shall be transmitted in the first 0.5 second.

5.3.2.3 Caution signals. Caution signals shall be readily distinguishable
from warning signalsand shall be used to indicate conditions requiring
awareness, but not necessarily immediate action.

5,3.2.4 Relation to visual displays. When used in conjunction with visual
displays, audio warning devices shal be supplementary or supportive. The
audio signal shall be used to alert and direct eperator attention to the
appropriate visual display.

5,3.3 Characteristics of audio warning signals.

5,3.3.1 Freuncy.

5.3.3.1.1 Rg The frequency range shall be between 200 and 5,000 Az
and, if possfile7between 500 and 3,000 Hz. When signals must travel over
300 m (985 ft), sounds with frequencies below 1,000 Hz should be used.
Frequencies below 500 Hz should be used when signals must bend around
obstacles or pass through partitions. The selected frequency band shall
differ from the most intense background frequencies and shall be in accordance
with other criteria in this section.

5.3.3.1.2 Spgrious s1nals. The frequency of a warning tone shall be
different from that of the electric power employed in the system, to preclude
the possibility that a miror equipment failure may generate a spurious signal.

5.3.3.2 Intensity.

5.3.3.2.1 Compatibility with acoustical environment. The intensity,
duration and source location of audfo alarms and sinals shall be compatible
with the acoustical environment of the intended receiver as well as the
requirements of other personnel in the signal areas.
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5.3.3.2.2 Compatibility with clothing and equipment. As applicable, audio
signals shall be loud enough to be heard and understood through equipment or
garments (e.g., parka hood, NBC protective hood, hearing protective devices)
covering the ears of the listener.

5.3.3.2.3 Discomfort. Audio warning signals should not be of such intensity
as to cause discomfort or "ringing" in the ears as an after-effect.

5.3.4 Signal characteristics in relation to operational conditions and
objectives.

5.3.4.1 Audibility. A signal-to-noise ratio of at least 20 dB shall be
provided in at least one octave band between 200 and 5,000 Hz at the operating
position of the intended receiver.

5.3.4.2 Alerting capability,

5.3.4.2.1 Attention. Signals with high alerting capacity should be
provided when 'the system or equipment imposes a requirement on the operator
for concentration of attention. Such signals shall not, however, be so
startling as to preclude appropriate responses or interfere with other
functions by holding attention away from other critical signals.

5.3.4.2.2 Onset and sound pressure level. The onset of critical alerting
signals should be sudden, and a relatively-high sound pressure level should be
provided as specified 5.3.4.1.

5.3.4.2.3 Dichotic presentation. When earphones will be worn in the
operational situation, a dichotic presentation should be used whenever
feasible, alternating the signal from one ear to the other by means of a
dual-channel headset.

5.3.4.2.4 Headset. When the operator is wearing earphones covering both
ears during norma equipment operation, the audio warning signal shall be
directed to the operator's headset as well as to the work area. Binaural
headsets should not be used in any operational environment below 85 do(A) when
that environment may contain sounds that provide the operator with useful
information when that information cannot be directed to the operator's
headset. Such sounds may include voices, machine noise that indicates wear or
malfunction and other auditory indications of system performance/mission
status,

5.3.4.3 Discritinab!i ty.

5.3.4.3.1 Use of different characteristics. When several different audio
signals are tOe Use to alert an operator to different types of conditions,
discriminable difference in intensity, pitch, or use of beats and harmonics
shall be provided. If absolute discrimination is required, the number of
signals to be identified shall not exceed four.
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5.3.4.3.2 Coding. Where discrimination of warning signals from each other
will be critica-l-to personnel safety or system performance, audio signals
shall be appropriately coded. Alarms that are perceptibly different shall
correlate with different conditions requiring critically different operator
responses (e.g., maintenance, eme-,gency conditions, and health hazards). Such
signals shall be sufficiently different to minimize the operator's search of
visual di splays.

5.3.4.3.3 Critical signals. The first 0.5 second of an audio signal
requiring fast reaction shall be discriminable from the first 0.5 second of
any other signal that may occur. Familiar signals with established names or
associations shall be selected. Speech should be used whenever feasible.

5.3.4.3.4 Action segment. The identifying or action segment of an audio
warning signal shall specify the precise emergency or condition requiring
action.

5.3.4.3.5 Differentiation from routine signals. Audio alarms intended to
bring the operator's attention to a malfunction or failure shall be
differentiated from routine signals, such as bells, buzzers, and normal
operation noises.

5.,3.4.3.6 Prohibited types of signals. The following types of signals
shall not be used as warning devices where possible confusion might exist
because of the operational environment:

a. Modulated or interrupted tones tat resemble navigation signals or
coded radio transmissions.

b. Steady signals that resemble hisses, static, or sporadic radio
signals.

c. Trains .of impulses that resemble electrical interference whether
regularly or irregularly spaced in time.

d. Simple warbles which may be confused with the type made by two
carriers when one is being shifted in frequency (beat-frequency-oscillator
effect).

e. Scrambled speech effects that may be confused with cross modulation
signals from adjacent channels.

f. Signals that resemble random noise, periodic pulses, steady or
frecuency modulated simple tones, or any other signals generated by standard
countermeasure devices (e.g., "bagpipes").

g. Signals similar to random noise generated by air conditioning or any
other equipment.

5.3.4.4 Compatibility.
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5.3.4.4.1 Existing signals. The meaning of audio warning signals selected
for a system huld be consistent with warning signal meanings already
established for that function.

5.3.4.4.2 Acoustic environment. Established signals shall be used,
provided they are compatible with the acoustic environment and the
requirements specified herein for the voice communication system. Standard
signals shall not be used to convey new meanings.

5.3.4.5 Masking.

5.3.4.5.1 Other critical channels. Audio warning signals shall not
interfere with any other critical functions or warning signals, or mask any.
other critical audio signals.

5.3.4.5.2 Separate channels. Where a warning signal delivered to a headset
might mask anotuer essentia dio signal, separate channels may be provided
to direct the warning signal to one ear and the other essential audio signal
to the other ear. In such a situation and when required by operating
conditions, this dichotic presentation may further provide for alternation of
the two signals from ear to ear.

5.3.5 Verbal warning signals,

5.3.5.1 Nature of signals. Verbal warning signals shall consist of:

a. An initial alerting signal (nonspeech) to attract attention and to
designate the general problem.

b. A brief standardization speech signal (verbal message) which
identifies the specific condition and suggests appropriate action.

5.3.5.2 Intensity. Verbal alarms for critical functions shall be at least
20 dB above the speech interference level at the operating position of the
intended receiver.

5.3.5.3 Vocal criteria.

5.3.5.3.1 Type of voice. The voice used in recording verbal warning
signals shall be distinctive and mature.

5.3.5.3.2 Delivery style. Verbal warning signals shall be presented in aformal, impersonal manner.

5.3.5.4 Speech processing. Verbal warning signals shall. be processed only
when necessary to increase or preserve intelligibility, such as by increasing
the strength of consonant sounds relative to vowel strength. Where a signal
must be relatively intense because of high ambient noise, peak-clippi ng (see
3.24) maybe used to protect the listener against auditory overload.
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5.3.5.5 Message content. In selecting words to be used in audio warning
signals, priority shall be given to intelligibility, aptness, and conciseness
in that order.

5.3.5.6 Message categories.

5.3.5.6.1 Critical warning signals. Critical warning signal 'shall be
repeated with not more than a 3-second pause between messages until the
condition is corrected or overridden by the crew.

5.3.5.6.2 Message priorities. A message priority system shall be
established and more critical messages shall override the presentation of any
message occuring below it on the priority list. If two or more incidents or
malfunctions occur simultaneously, the message having the higher priority
shall be given first. The remaining messages shall follow in order of
priority. In the event of a complete subsystem failure, the system shall
integrate previous messages via electronic gating and report the system rather
than the component failure.

5.3.6 Controls for audio warning devices.

5.3.6.1 Automatic or manual shut-off. When an audio signal is designed
to persist as long as it contributes useful information, a shut-off switch
controllable by the operator, the sensing mechanism, or both, shall be
provided, depending on the operational situation and personnel safety factors.

5.3.6.2 Automatic reset. Whether audio warning signal are designed to be
terminated automatcally, by manual control, or both, an automatic reset
function shall be provided. The automatic reset function shall be controlled
by the sensing mechanism which shall recycle the signal system to a specified
condition as a function of time or the state of the signalling system so that
the warning device can sound again if the condition repeats.

5.3.6.3 Redundant Visual Warning. All non-verbal aural annunciations shall
be accompan edSy a-visual annunciation which defines the condition. In a
cockpit, this may be an illuminated di play. In the case of a warning horn on
a backing vehicle, the vehicle's backward motion is adequate visual
annunciation.

5.3.6.4 Volume control.

5.3.6.4.1 Automatic or manual. The volume (loudness) of an audio warning
signal shall be designed to be controlled by the operator, the sensing
mechanism, or both, depending on the operational situation and personnel
safety factors. Control movements shall be restricted to prevent reducing the
volume to an inaudible level.

5.3.6.4.2 Ganging to mode switches. Volume controls may be ganged to mode
switches to provide maximum output during mission phases in which intense. noise may occur and to provide reduced volume at other times. Ganging shall
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not be accomplished if there is a possibility that intense noise may occur in
an emergency situation during a mission phase in which the volume would be
decreased below an audible level.

5.3.6.4.3 Caution signal controls. Audio caution signals shall be provided
with manual reset and volume controls.

5.3.6.5 Duration. Audio warning signal duration shall be at least
0.5 second, and may continue until the appropriate response Is made.
Completion of a corrective action by the operator or by other means shall
automatically terminate the signal.

5.3.6.6 Duration limitations. In an emergency situation, signals that
persist or increase progressively in level shall not be used if manual
shut-off may interfere with the corrective action required.

5.3.7 Speech transmission equipment.

5.3.7.1 Frequency. Microphones and associated system-input devices shall
be designed to respond optimally to that part of the speech spectrum most
essential to intelligibility (i.e., 200 to 6,100 Hz). Where system
engineering necessitates speech-transmission bandwidths narrower than 200 to
6,100 Hz, the minimum acceptable frequency range shall be 250 to 4,000 Hz.

5.3.7.2 jnamcrange. The dynamic range of a microphone used with a
selected amplifier shall be great enough to admit variations in signal input
of at least 50 do.

5.3.7.3 Noise cancelling microphones. In very loud, low frequency noise
environments (100 dB overall), noise cancelling microphones shall be used and
shall be capable of effecting an improvement of not less than 10 do
peak-speech to root-mean-square-noise ratio as compared with
non-noise-cancelling microphones of equivalent transmission characteristics.

5.3.7.4 Pre-emphasis. If necessary, speech system input devices should
employ frequency pre-emphasis with a positive slope frequency characteristic
no greater than 18 dB per octave from 140 to 1,500 to and no greater than 9 do
per octave over the frequency range 1,500 to 4,800 Hz, when no clipping is
.used.

5.3.7,5 Peak-clipping of speech signals. Where speech signals are to be
transmitted over channels showing less than 15 dB peak speech to
root-mean-square-noise ratios, peak clipping of 12 to 20 do may be employed at
system input and may be preceded by frequency pre-emphasis as specified in
5.3.7.4.

5.3.7.6 Noise shields. When the talker is in an intense noise field, the
microphone shold be put in a noise shield. Noise shields should be designed
to meet the following requirements:
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a. A volume of at least 250 cu cm (15.25 cu in) to permit a pressure
gradient microphone to function normally.

b. A good seal against the face with the pressure of the hand or the
tension of straps.

c. A hole or combination of holes covering a total area of 65 sq mm
(0.1 sq in) in the shield to prevent pressure buildup.

d. Prevention of a standing wave pattern by shape, or by use of sound
absorbing material.

e. No impediment to voice effort, mouth or jaw movement or breathing.

5.3.8 Speech reception equipment.

5.3.8.1 Freguency range. Headphones and loudspeakers shall be subject to
the same frequency response restrictions as microphones and transmission
equipment except that loudspeakers for use in multi-speaker installations and
multiple channels fed into headphones (e.g., where several speech channels are
to be monitored simultaneously) shall respond uniformly (±5 dB) over the
range 100 to 4,800 Hz.

5.3.8.2 Loudspeakers for multi-channel monitoring.

5.3.8.2.1 Monitoring of speakers. When several channels are to be monitored
simultaneously by means of loudspeakers, the speakers shall be mounted at
least 175 mrad (100) apart in the horizontal plane frontal quadrant, ranging
radially from v/4 rad (450) left to w/4 rad (450) right of the operator's
normal forward facing position.

5.3.8.2.2 Fi]rina. When additional channel differentiation is required,
apparent lateiraation shall be enhanced by applying low-pass filtering
(frequency cutoff, Fc w 1,800 Hz) to signals fed to loudspeakers on one side
of the central operator position. If there are three channels involved, one
channel shall be left unfiltered, a high pass filter with 1,000 Hz cutoff
shall be provided in the second channel, and a low-pass filter with 2,500 Hz
cutoff shall be provided in the third channel. A visual signal shall be
provided to show which channel is in use.

5.3.8.3 Use of de-emehasis. When transmission equipment employs
pre-emphasis aR peak Clipping is not used, reception equipment shall employ
frequency de-emphasis of characteristics complementary to those of
pre-emphasis only if it improves intelligibility, i.e., de-emphasis shall be a
negative-slope frequency response not greater than 9 dB per octave over the
frequency range 140 to 4,800 Hz.

5.3.8.4 Headsets. If listeners will be working in high ambient noise
(85 dB(A) or above), binaural rather than monaural headsets shall be provided.

* Unless operational requirements dictate othrwise, binaural headsets shall be
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wired so that the sound reaches the two ears in opposing phases. Their
attenuation qualities should be capable of reducing the ambient noise level to
less than 85 dB(A). Provisions should be incorporated to furnish the same
protection to those who wear glasses.

5.3.9 Operator comfort and convenience.

5.3.9.1 Comfort. Communication equipment to be worn by an operator (e.g.,
headphones and telephone headsets) shall be designed to preclude operator
discomfort. Metal parts of the headset shall not come in contact with the
user's skin.

5.3.9.2 Hands-free operation. Operator microphones, headphones, and
telephone headsets shall be designed to permit hands-free operation under
nomal working conditions.

5.3.9.3 Accessibility of handsets. Where communication requirements
necessitate the use of several telephone handsets, the accessibility of their
standby locations shall be determined by operational priority, i.e., the most
frequently or urgently needed handset shall be the most accessible.
Color-coding may also be employed where operating personnel will have visual
contact with headsets under the working conditions.

5.3.10 Operating controls for voice communication equipment.

5.3.10.1 Volume controls. Accessible volume or gain controls shall be
provided for each communication receiving channel (e.g., loudspeakers or
headphones) with sufficient electrical power to drive sound pressure level to
at least 100 dB overall when using two earphones, and shall have pressure
operated gain control switches to compensate for altitude in unpressurized
compartments. The minimum setting of the volume control shall be limited to
an audible level, i.e., it shall not be possible to inadvertently disable the
system with the volume control. While separation of power (on-off) and volume
control adjustment functions into separate controls is preferred, should
conditions Justify their combination, a noticeable detent position shall be
provided between the OFF position and the lower end of the continuous range of
volume adjustment. When combined power and volume controls are used, the OFF
position shall be labeled.

5.3.10.2 Squelch control. Where communication channels are to be
continuously moniforeK, each channel shall be provided with a signal-
activated switching device (squelch control) to suppress channel noise during
no-signal periods. A manually operated, on-off switch, to deactivate the
squelch when receiving weak signals, shall be provided.

5.3.10.3 Foot-operated controls. When normal working conditions will
permit the operator to remain seated at the working position and access totalk-listen" or "send-receive" control switches are required for normal
operation or if console operation requires the use of both hands,
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foot-operated controls shall be provided. Hand-operated controls for the same
functions shall be provided for emergency use and for use when the operator
may need to move from one position to another.

5.3.11 Speaker/side tone. The speaker's verbal input shall be in phase
with its reproduction as heard on the headset. This side tone should not be
filtered or modified before it is received in the headset.

5.3.12 Speech intelligibility.

5.3.12.1 General. When information concerning the speech intelligibility
of a system is requred, three recommended methods are available, with the
appropriate selection being dependent upon the requirements of the test.

a. The ANSI standard method of measurement of phonetically balanced (PB)
monosyllabic word intelligib-ility, S3.2-1960, should be used when a high
degree of test sensitivity and accuracy is required.

b. The modified rhyme test (MRT) (see Human Engineering Guide to
Equipment Design) should be used if the test requirements are not as stringent
or if time and training do not permit the use of the ANSI method.

c. The articulation index (Al) calculations should be used for
estimations, comparison and predictions of system intelligibility based upon
ANSI S3.5-1969.. 5.3.12.2 Criteria, The intelligibility criteria shown in Table VI shall be
used for voice communication. The efficiency of communications needed and the
type material to be transmitted shall determine which of the three
communication requirements of Table VI is to be selected.

TABLE VI. INTELLIGIBILITY CRITERIA FOR
VOICE COMMUNICATIONS SYSTEMS

COMMUNICATION* SCORE
REQUIREMENT PB MRT Al

Exceptionally high intelligibility;
sepate syilables undentood 90% 97% 0.7

Normally acceptable intelligibility;
about 98% of uentncet correctly
hmrd; single digits understood 75% 91% 0.5

Minimally amptable intelligibility;
limited standardized phram under-
stood; about 90% smentmam oectly
heard (not amptable for operas-
tional equipment) 43% 75% 0.3

0 €(5
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5.4 Controls.

5.4.1 General criteria.

5.4.1.1 Selection.

5.4.1.1.1 Distribution of work load. Controls shall be selected and
distributed so that none of the operator's limbs will be overburdened.

5.4.1.1.2 G-loading. Where applicable, control selection shall include
consideration operation under variable g-loading on the operator.

5.4.1.1.3 Multirotation controls. Multirotation controls. shall be used
when precision is required over a wide range of adjustment.

5.4.1.1.4 Detent controls. Detent controls shall be selected whenever the
operational mode requires-control operation in discrete steps.

5.4.1.1.5 Sto.. Stops shall be provided at the beginning and end of the
range of control positions if the control Is not required to be operated
beyond the indicated end positions or specified limits.

5.4.1.2 Direction of movement.

5.4.1.2.1 Consistency of movement. Direction of control movement shall be
consistent with the related movement of an associated display, equipment
component, or vehicle. In general, movement of a control forward, clockwise
to the right, or up, or pressing a control, shall turn the equipment or
component on, cause the quantity to increase, or cause the equipment or
component to move forward, clockwise, to the right, or up. Valve controls are
excepted (see 5.4.1.2.4).

5.4.1.2.2 Multidimensional operation. When the vehicle, the equipment, or
the components Pi capable of motion-in more than two dimensions, exception to
5.4.1.2.1 shall be made if necessary to ensure consistency or anticipated
response (e.g., forward motion of a directional control causes some vehicles
to dive or otherwise descend rather than to simply move forward). When
several controls are combined in one control device, caution shall be
exercised to avoid conflicts (e.g., control motion to the right is compatible
with clockwise roll, right turn, and direct movement to the right),

5.4.1.2.3 Operator-control orientation. Controls shall be oriented with
respect to the operator. oere Ee operator may use two or more vehicle
operator stations, the controls shall cause movement oriented to the operator
at the effecting station, unless remote visual reference Is used.

5.4.1.2.4 Valve controls. Rotary valve controls should open the valve with
a counterclockwise Mlton. Valve controls shall be provided with double-ended
arrows showing the direction of operations and labeled at each end to indicate

*the functional result (e.g., open and close).
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5.4.1.3 Arrangement and grouping.

5.4.1.3.1 Grouping. All controls which function in sequential operation
necessary to a particular task, or which operate together, shall be grouped
together along with their associated displays. When several steps of a
sequence are selected by one control, the steps shall be arranged by order of
occurrence to minimize control movements and prevent cycling through
unnecessary steps. Cycling through the control's ON/OFF position shall be
avoided.

5.4.1.3.2 Sequential operation. Where sequential operations follow a fixed
pattern, controls shall be arranged to facilitate operation (e.g., in a
pattern left-to-right and top-to-bottom, as a printed page).

5.4.1.3.3 Location of primary controls. The most important and frequently
used controls shall have the most favorable position with respect to ease of
reaching and grasping (particularly rotary controls and those requiring fine
settings).

5.4.1.3.4 Consistency. The arrangement of functionally similar, or
identical, primary controls shall be consistent from panel to panel throughout
the system, equipment, or vehicle, e.g., a movement of a control to the right
or left should result in a corresponding movement of a displayed element to
the right or left.

5.4.1.3.5 Remote controls. Where controls are operated at a position
remote from the display, equipment, or controlled vehicle, they shall be
arranged to facilitate di'ection-of-movement consistency.

5.4.1.3.6 Maintenance and adjustment. In general, controls used solely for
maintenance and adjustment shall be covered during normal equipment operation,
but shall be readily accessible and visible to the maintenance technician when
required.

5.4.1.3.7 Saig Minimum spacing between controls shall comply with
Table VII. Spacng-between a control and any adjacent obstruction shall be as
shown by the figures referenced by Table VII. Minimum spacing shown shall be
increased for operation with gloves, mittens, or NBC protective handwear, when
such operation is a system requirement.

5.4.1.4 Coding.

5.4.1.4.1 Methods and requirements. The use of a coding mode (e.g., size
and color) for a particular application shall be governed by the relative
advantages and disadvantages of each type of coding. Where coding is used to
differentiate among controls, application of the code shall be uniform
throughout the system. (See Table VIII for advantages and disadvantages.)
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5.4.1.4.2 Location-codin. Controls associated with similar functions
should be in the same relative location from operator work station to work
station and from panel to panel.

5.4.1.4.3 Size-coding. No more than three different size of controls shall
be used in coding controls for discrimination by absolute size. Controls used
for performing the same function on different items of equipment shall be the
same size. When knob diameter is used as the coding parameter, differences
between diameters shall not be less than 13 nn (0.5u). When knob thickness is
the coding parameter, differences between thicknesses shall not be less than
10 mm (0.4").

5.4.1.4.4 Shape-coding. Primary use of shape coding for controls is for
identificati control knobs or handles by "feel;" however, shapes shall be
identifiable both visually and tactually. When shape coding is used:

a. The coded feature shall not interfere with ease of control
manipul ation.

b. Shapes shall be identifiable by the hand regardless of the position
and orientation of the control knob or handle.

c. Shapes shall be tactually identifable when gloves are worn, where
applicable.

d. A sufficient number of identifiable shapes shall be provided to
cover the expected number of controls that require tactual identification.

e. Shape coded knobs and handles shall be positively and ton-reversably
attached to their shafts to preclude incorrect attachment when replacement is
requl red.

f. Shapes should be associated with or resemble control function, and
not alternate functions.

5.4.1.4.5 Color-coding_.

5.4.1.4.5.1 Choice of colors. Controls shall be black (17038. 27038, or
37038) or gray (26231 or 36231). If color coding is required, only the
following colors identified in FED-STD-596 shall be selected for control
coding.

a. Red, 11105, 21105, 31105

b. Green, 14187

c. Orange-Yellow, 13538, 23538, 33538

d. White, 17875. 27875, 37875

e. Blue. 15123 shall be used if an additional color is absolutely
necessary,
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5.4.1.4.5.2 Irmnediate action controls. Color coding of immediate action
controls for aircraft shall conform to IL-M-18012.

5.4.1.4.5.3 Relation to display. When color-coding must be used t- relate
a control to its corresponding display, the same color shall be used for both
the control and the display.

5.4.1.4.5.4 Control panel contrast. The color of the control shall provide
contrast between the panel background and the control.

5.4.1.4.5.5 Ambient lighting and color-coding exclusion. Color coding
shall be compatible with anticipated ambient lighting throughout the mission.
Color-coding shall not be used as a primary identification medium if the
spectral characteristics of ambient light during the mission, or the
operator's adaptation to that light, varies as the result of such factors as
solar glare, filtration of light, and variation from natural to artificial
light. If red lighting is to be used during a portion of the mission,
controls which would otherwise be coded red shall be coded by orange-yellow
and black striping.

5.4.1.5 Labeling of controls. Control labeling shall conform to the
criteria i;i paragraph 5.5.

5.4.1.6 Compatibility with handwear. Controls shall be compatible with
handwear to be UtIlZed in the anticipated environment. Unless otherwise
specified, all dimensions cited herein are for bare hands and should be
revised where necessary for use with gloves or mittens.

5.4.1.7 Blind operation. Where "blindu operation is necessary, hand
controls shMe shape-coded, or separated from adjacent control; by at least
125 mm (5 in.).

5.4.1.8 Prevention of accidental actuation. -

5.4.1.8.1 Location and design. Controls shall be designed and located so
that they are not susceptible to being moved accidentally, particularly
critical controls whose inadvertent operation might cause damage to equipment,
injury to personnel or degredation of system functions.

5.4.1.8.2 Internal controls. Internal or hidden controls should be
protected, because ItIt usuily not obvious that such controls have been
disturbed and it may be difficult and time consuming to locate and readjust
them.

5.4.1.8.3 Rapid operation. Any method of protecting a control from
inadvertent operation shall not preclude operation within the time required.

5.4.1.8.4 Methods. For situations in which controls must be protected from
accidental actuation, one or more of the following methods, as applicable,
shall be used:
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a. Locate and orient the controls so that the operator is not likely to
strike or move them accidentally in the nomal sequence of control movements.

b. Recess, shield, or otherwise surround the controls by physical
barriers. The control shall be entirely contained within the envelope
described by the recess or barrier.

c. Cover or guard the controls. Safety or lock wire shall not be used.

d. Provide the controls with interlocks so that extra movement (e.g.,
a side movement out of a detent position or a pull-to-engage clutch) or the
prior operation of a related or locking control is required.

e. Provide the controls with resistance (i.e., viscous or coulomb
friction, spring-loading, or inertia) so that definite or sustained effort is
required for actuation.

f. Provide the controls with a lock to prevent the control from passing
through a position without delay when strict sequential activation is
necessary (i.e., the control moved only to the next position, then delayed).

g. Design the controls for operation by rotary action.

5.4.1.8.5 Dead man controls. Dead man controls, which. will result in
system shut-d-w to a non-critlcal operating state when force is removed,
shall be utilized wherever operator incapacity can produce a critical system
condition.

5.4.1.8.6 Foot-operated controls.

5.4.1.8.6.1 Use. Foot-operated controls may be used under the following
conditions:

a. Control operation requires either greater force than the upper body
can provide or force close to an upper body fatigue threshold.

b. The operator's hands are generally occupied by other manual control
tasks at the same moment that an additional control action is required.

c. Specific foot-operated controls have been so well established that
the operator expects such operating functions to be performed using foot
controls (e.g., aircraft rudder/brake pedals, automotive clutch, brake and
accelerator pedals).

d. A safety "shut-down" control is required during an operation in
which the operator's hands cannot be freed to reach a safety switch.

5.4.1.8.6.2 Avoidance. Foot operated controls should not be used
the following coitions:
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a. Where a standing operator is confronted with a sensitive balancing
requirement (e.g., a moving platform where balancing on the non-operating foot
may become difficult as the operating foot is moved from a support to
actuating position).

b. Precise control operations are required.

c. Selection from among a great many separate controls is required,

5.4.1.8.6.3 Operation. Foot controls shall be located and designed so they
can be operated in as natural a pattern as practicable. Specifically, the
following should be avoided:

a. Frequent, maximum reaching.

b. Requirement to hold the leg or foot in awkward position for extended
periods of time.

c. Requirement for the operator to operate a control frequently or for
an extended period of time while sitting in a twisted position, i.e., pedals
shall be laid out symmetrically with reference to the operator's principal
operating orientation.

d. Maximum force application frequently or for extended duration.

e. Requirement that the operator search for a particular foot control 6
in order to select the proper one.

f. Placement of a foot control where it might be stepped on and
inadvertently actuated, or where typical shifting from one foot control to
another creates conditions where the foot or clothing might be entrapped by an
intervening control as the operator shifts the foot from one control to
another.

5.4.1.8.6.4 Configuration and placement. Configuration and placement of
foot operated controls shall accommodate the anthropometry of the operator's
foot wearing operational shoes or boots. They shall be located so that the
actuation of a control by one foot does not interfere with the actuation of
a control by another foot, and so that the movements of feet and legs are
natural and easily accomplished within the work station where foot controls
are located.

5.4.2 Rotary controls.

5.4.2.1 Discrete rotary controls.

5.4.2.1.1 Rotary selector switches.

5.4.2.1.1.1 Use. Rotary selector switches should be used for discrete
functions when TFree or more detented positions are required. Rotary selector

74



MI L-STD-1472D

switches should not be used for a two-position function unless prompt visual
identification of control position is of primary importance and speed of
control operation is not critical.

5.4.2.1.1.2 Moving pointer. Rotary selector switches should be designed
with a moving pointer and a fixed scale.

5.4.2.1.1.3 Shap. Moving pointer knobs shall be bar shaped, with parallel
sides, and the Tidex end shall be tapered to a point. Exceptions may be
justified when pointer knobs are shape-coded or when space is restricted and
torque is light. Shape-coding shall be used when a group of rotary controls,
used for different functions, is placed on the same panel and control
confusion might otherwise result.

5.4.2.1.1.4 Positions. A rotary selector switch which is not visible to
the, operator during normal system operation shall have no more than 12
positions. A rotary switch that is constantly visible to the operator shall
have not more than 24 positions. In addition, the following criteria shall
apply:

a. Rotary switch positions shall not be placed opposite each other
unless knob shape precludes confusion as to which end of the knob is the
poi nter.

b. The switch resistance shall be elastic, building up, then
decreasing as each position is approached, so that the control snaps into
position without stopping between adjacent positions.

5.4.2.1.1.5 Contrast. A reference line shall be provided on rotary switch
controls. This-Mne sall have at least 3.0 luminance contrast (see 3.17)
with the control color under all lighting conditions.

5.4.2.1.1.6 Parallax. The knob pointer shall be mounted sufficiently close
to its scale to minimize parallax between the pointer and the scale markings.
When viewed from the normal opertor's position, the parallax errors shall not
exceed 25% of the distance between scale markings.

5.4.2.1.1.7 Dimensions, resistance, displacement, and se aration. Control
dimensions, res stance, displacement, and separation between adjacent edges of
areas swept by rotary selector switches should conform to the criteria in
Figure 4.

5.4.2.1.2 Key operated switches (KOS),

5.4.2.1.2.1 Use. KOS are used to prevent unauthorized operation.
Ordinarily, they-ontrol system operation by go no-go.

5.4.2.1.2.2 Dimensions, displacement, and resistance. Dimensions,
displacement, and resistance shall conform to the criteria in Figure 5.
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5.4.2.1.2.2 Dimensions, displacement, and resistance. Dimensions,
displacement, and resistance shall conform to the criteria in Figure 5.

5.4.2.1.2.3 Color, shape and size coding. Color, shape, or size coding or
a combination may be used as follows:

a. Color may be used to aid in identifying various keys by function or
use location and when illumination is adequate to differentiate the colors.
Red (# 11105 or 21105 of FED-STD-695) shall be reserved for emergency
functions.

b. Shape coding may be used when it is desirable to identify a given
key by feel. When shape coding is used, sharp corners shall be avoided.

c. Size coding, within the height limits of Figure 5, may also be used
if no more than two sizes are employed.

5.4.2.1.2.4 Marking and labeling. Keylock switch applications shall

include appropralte positional markings and labels (see 5.5).

5.4.2.1.2.5 Other requirements.

a. Keys with teeth on both edges, which fit the lock with either side
up or forward, are preferred.

b. Keys with a single row of teeth should be inserted into the lock
with the teeth pointing up or forward.

c. Locks should be oriented so the key's vertical position is the OFF
position.

d. Operators should normally not be able to remove the key from the
lock unless the switch is turned OFF.

e. Actuation of an item by a key operated switch should be accomplished
by turning the key clockwise from the vertical OFF position.

5.4.2.1.3 Discrete thumbwheel controls.

5.4.2.1.3.1 Application. Thumbwheel controls may be used if the function
requires a compact digital control-input device (for a series of numbers) and
a readout of these manual inputs for verification. The use of thumbwheels for
any other purposes is discouraged. Detent indexing units should provide
10 positions (0 - 9) in digital or binary (3 or 4 bits and complement)
outputs.

5.4.2.1.3.2 Shape. Each position around the circumference of a discrete
thumbwheel shalF-h-ie a concave surface or shall be separated by a
high-friction area which is raised from the periphery of the thumbwheel. The. thumbwheels shall not preclude viewing the digits within w/6 rad (30') viewing
angle to the left and right of a perpendicular to the thumbwheel digits.
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FIGURE 5. KEY-OPERATED SWITCHS
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thumbwheels shall not preclude viewing the digits within w/6 rad (300) viewing
angle to the left and right of a perpendicular to the thumbwheel digits.

5.4.2.1.3.3 Codn. Thumbwheel controls may be coded by location,
labeling, and color(e.g., reversing the colors of the least significant digit
wheel as on typical odometers). Where used as input devices, thumbwheel
switch OFF or NORMAL positions should be color coded to permit a visual check
that the digits have been reset to their normal position.

5.4.2.1.3.4 Direction of movement. Moving the thumbwheel edge forward, or

upward, or to the right shall increase the setting.

5.4.2.1.3.5 Numerals.

5.4.2.1.3.5.1 Internal illuminance. For areas in which ambient
illumination will provide display brightness below 3.5 cd/M2 (I ft-L), the
thumbwheel shall be internally illuminated. Digits shall appear as
illuminated characters on a black background, and their dimensions should
approximate the following:

a. Height: 4.8 mm (3/16")

b. Height-to-Width Ratio: 3:2

c. Height-to-Stroke Width Ratio: 10:1

5.4.2.1.3.5.2 External illuminance. In areas where ambient illumination
will provide a display luminance above 3.5 cd/M 2 (1 ft-L), internal
illumination is not required. Digits should be bold, black numerals engraved
on a light (or white) thunmbwheel background. The dimensions should
approximate those specified in 5.4.2.1.3.5.1, except that the height-to-stroke
width ratio should be approximately 5:1.

5.4.2.1.3.6 Visibility. Thumbwheel design shall permit viewing of inline
digital read-out from all operator positions.

5.4.2.1.3.7 Dimensions. Control dimensions shall conform to the criteria
in Figure 6.

5.4.2.1.3.8 Resistance. Detents shall be provided for discrete position
thumbwheels. Resistance shall be elastic, building up and then decreasing as
each detent is approached so that the control snaps into position without
stopping between adjacent detents. The resistance shall be within the limits
indicated in Figure 6.

5.4.2.1.3.9 Separation. The separation between adjacent edges of
thumbwheel controls shall conform to the criteria in Figure 6 and shall be
sufficient to preclude accidental activation of adjacent controls during
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MIL-STD-1472D5.4.2.2 Continuous adjustment rotar controls.

5.4.2.2.1 Knobs.

5.4.2.2.1.1 Use. Knobs should be used when low forces or precise
adjustments of a-continuous variable are required. A moving knob with fixed
scale is preferred over a moving scale with fixed index for most tasks. If
positions of single revolution controls must be distinguished, a pointer or
marker should be available on the knob.

5.4.2.2.1.2 Dimensions, torque and separation. The dimensions of knobs
shall be within the limits specified in Figure 7. Within these ranges, knob
size is relatively unimportant, provided the resistance is low and the knob
can be easily grasped and manipulated. When panel space is extremely limited,
knobs should approximate the minimum values and should have resistance as low
as possible without permitting the setting to be changed by vibration or
merely touching the control. Resistance and separation between adjacent edges
of knobs shall conform to Figure 7.

5.4.2.2.1.3 Knob style. Unless otherwise specified by the procuring

activity, control knob style shall conform to MIL-STD-1348.

5.4.2.2.2 Ganged control knobs.. 5.4.2.2.2.1 Application. Ganged knob assemblies may be used in limited
applications when panel space is at a premium. Two-knob assemblies are
preferred. Three-knob configurations should be avoided. Ganged knob
configurations should not be used under the following conditions:

a. Extremely accurate or rapid operations are required.

b. Frequent changes are necessary.

c. Heavy gloves must be worn by the operator.

d. Equipment is exposed to the weather or used under field conditions.

5.4.2.2.2.2 Dimensions and separation. Dimensions and separation should
conform to Figure 8.

5.4.2.2.2.3 Resistance. Resistance shall conform to requirements in
Figure 8. Knobi sRolTe serrated. Fine serrations should be used on
precise adjustment knobs; coarse serrations should be used on gross
adjustment knobs.

5.4.2.2.2.4 Marking. An indexing mark or pointer shall be provided on each
knob. Marks or_po nters should differ sufficiently to make it apparent which
knob indexing mark is being observed.
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FIGURE 7. KNOBS
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5.4.2.2.2.5 Knob/display relationship. When each knob of a ganged assembly
must be related to an array of visual displays, the knob closest to the panel
shall relate to the left-most display in a horizontal array, or the uppermost
display in a vertical array (see Figure 8).

5.4.2.2.2.6 Inadvertent operation. When it is critical to prevent
inadvertent activation of one knob as the other is being adjusted, a secondary
knob control movement shall be required (e.g., pressing the top knob before it
can be engaged with its control shaft). Where inadvertent movement is
undesirable but not necessarily critical, knob diameter/depth relationships
should be optimized as shown in Figure 8. Contrasting colors between knobs
may also be used to improve individual knob identification.

5.4.2.2.3 Continuous adjustment thumbwheel controls.

5.4.2.2.3.1 Use. Continuously adjustable thumbwheel controls may be used
asan alternative-to rotary knobs when the application will benefit from the
compactness of the thumbwheel device.

5.4.2.2.3.2 Orientation and movement. Thumbwheels shall be oriented and
move in the directions specified in Figure 9. If a thumbwheel is used as a
continuous control which affects vehicle motion, movement of the thumbwheel
forward or up shall cause the vehicle to move down or forward.

5.4.2.2.3.3 Turning aids. The rim of the thumbwheel shall be serrated or
provided with a high friction surface to aid the operator in manipulating the
control.

5.4.2.2.3.4 Dimensions, separation and resistance, Dimensions, separation
and resistance a11b confom to crtera-igii ire.

5.4.2.2.3.5 Labeling and visibility. Marking and labeling shall conform to
requirements herein, with respect to visibility of markings and lgibility of
label alphanumerics.

5.4.2.2.3.6 OFF position. A detent shall be provided for continuous

thumbwheels having an OFF position.

5.4.2.2.4 Cranks.

5.4.2.2.4.1 Use. Cranks should be used for tasks requiring many rotations
of a control, particularly where high rates or large forces are involved. For
tasks involving large slewing movements, plus small, fine adjustments, a crank
handle may be mounted on a knob or handwheel, the crank for slewing and the
knob or handwheel for fine adjustments. Where cranks are used for tuning, or
other processes involving numerical selection, each rotation should correspond
to a multiple of 1, 10, 100, etc. Simultaneously operated handcranks should
be used in preference to other two-axis controllers where extreme precision is
required in setting crosshairs or reticles as in map readouts or optical
sighting mechanisms (as opposed to tracking). This type of control may also
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be used in other applications requiring x-y control provided there is no
requirement for rapid or frequent operation. The gear ratio and dynamic
characteristics of such cranks shall allow precise placement of the follower
(e.g., crosshairs) without overshooting or undersiooting and successive
corrective movements.

5.4.2.2.4.2 Grip handle. The crank grip handle shall be designed so that
it turns freelyi around its shaft.

5.4.2.2.4.3 Dimensions, resistance and separation. Dimensions, resistance
and separation Between adjacent swept circular areas of cranks shall conform
to the criteria of Figure 10.

5.4.2.2.4.4 Folding handle. If a crank handle could become a hazard to
persons passing by, or it is critical that the handle not be inadvertently
displaced by being accidentally bumped, a folding handle type control should
be used. Such a control shall be designed so that the handle is spring-loaded
to keep it extended in the crank.ing position when in use and folded when not
in use.

5.4.2.2.4.5 Crank balance. In applications where resistance is light, the
crank shall be balanced to prevent the handle weight from turning the crank
from its last setting.

5.4.2.2.5 Handwheels. (Two-hand operated)

5.4.2.2.5.1 Use. Handwheels, designed for nominal two-hand operation,
should be used -wen the breakout or rotational forces are too high to be
easily overcome with a one-handed control, provided that two hands are
available for this task. Typical applications are steering, latch securing,
valve opening/closing and direct-linkage adjustment.

5.4.2.2.5.2 Turningads. Knurling, indentation, high-friction covering,
or a combinatio ofhs hall be built Into the handwheel to facilitate
operator grasp for applying maximum torque and to reduce the possibility of
the wheel's being Jerked from the operator's hands.

5.4.2.2.5.3 S2plnner handles. For applications where the wheel may be
rotated rapidly through severil revolutions, a spinner handle may be added.
Such handles shall not be used, however, if the projecting handle is
vulnerable to inadvertent displacement of a critical wheel setting or if it
creates a safety hazard.

5.4.2.2.5.4 Direction of movement. Except for valves (see 5.4.1.2.4).
handwheels shall rotate clockwise for ON or INCREASE and counterclockwise for
OFF or DECREASE. The direction of motion shall be indicated on the handwheel,
or immediately adjacent thereto, by means of arrow and appropriate legends.

5.4.2.2.5.5 Dimensions, resistance, displacement and separation. Co.ttrol
dimensions, resistance, displacement and separation between edges of adjacent J
handwheels shall conform to the criteria in Table IX. V
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5.4.2.2.5.6 Steering wheel shape. Except for established uses in
submarines, armored combat vehicles, aircraft, and other applications where
maximum wheel deflection does not exceed +2/3 trad (120D), all steering wheels
shall be round.

5.4.2.2.5.7 Power steering failure. Steering systems shall be designed
with sufficient mechanical advantage to meet the force requirements of Table
IX, even when the primary operating mode is powerassisted, i.e., the operator
shall be able to steer the vehicle to a safe stop in the event of a power
fail ure.

5.4.2.2.5.8 Steering ratio. Steering systems should be designed so that
the maximum turing limits of the vehicle can be achieved with no more than
31/2 turns if consistent with force limits of Table IX.

5.4.3 Linear controls.

5.4.3.1 Discrete linear controls.

5.4.3.1.1 Push buttons (finger or hand operated).

5.4.3.1.1.1 Use. Push buttons should be used when a control or an array of
controls is needed for momentary contact or for activating a locking circuit,
particularly in high-frequency-of-use situations.

5.4.3.1.1.2 Shv. The push button surface should normally be concave
(indented) to fit--te finger. When this is impractical, the surface shall
provide a high degree of frictional resistance to prevent slipping.

5.4.3.1.1.3 Positive indication. A positive indication of control
activation shall e provided (e.g., snap feel, audible click, or integral
light).

5.4.3.1.1.4 Channel or cover guard. A channel or cover guard shall be
prov'ided when it is imperative to prevent accidental activation of the
controls. When a cover guard is In the open position, it shall not interfere
with operation of the protected device or adjacent controls.

5.4.3.1,1.5 Dimensions, resistance, displacement, and separation. Except
for use of push buttons in keyboards, control dimensions, reslst#atce,
displacement, and separation between adjacent edges of finger or hand-operated
pushbuttons shall conform to the criteria in Figure 11.

5.4.3.1.1.6 Interlocks or barriers. Mechanical Interlocks or barriers may

be used insteadof the spacing required by Figure 11.

5.4.3.1.2 Foot operated switches.

5.4.3.1.2.1 Use. Foot-operated switches should be used only where the
operator is likie' to have both hands occupied when switch activation may be
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DIMENSIONS RESISTANCE
DIAMETER.

D Different
Fingertip Thumb or Palm Single Finger Fingers Thumb or Palm

Minimum 9.5 mm (1/8 in.J 19 mm (3/4 In.) 2.8 N (10 oz.) 1.4 N (5oz.) 2.8 N (10 o0.)

Maximum 26 mm (1 In.) 11 N (40 W 5.6 N (20 oz.) 23 N (80 oz.)

DISPLACEMENT

Fingertip Thwmb or Palm

Minimum 2mm I64 In) 3 mm (1/ In.)

E , Mxim u mn I m at 1114 W n 30 m 11-*1 ; /2 , fr
£mm(I/41J , SEPARATION " ' "'

- S
Single Finger Dlfferur,

Single Finger Sequental Finge. Thumb or Palm

Minimum 13 mm (1/21I 6 mm (I/4 I 6 mm (11/4 K.) 25 ft (I In.)

Preferred SO mm12in.) 1j wonm(112 1J 13 mm (112 W 15 ffinvIs I&J
mm _1_m

Note: Above data for berehd w~plk:ion. For gloved hand operation,
mnima muld be mutably adijted.

FIGURE 11. PUSHBUTTONS (FINGER OR HAND OPERATED)

91



MI L-STD-1472D

required, or when load sharing among limbs is desirable. Because foot- 1
operated switches are susceptible to accidental activation, their uses should
be limited to non-critical or infrequent operations such as press-to-talk
communication or vehicle headlight dimming.

5.4.3.1.2.2 Operation. Foot switches shall be positioned for operation by
the toe and the bal o the foot rather than by the heel. They shall not be
located so near an obstruction that the operator cannot center the ball of the
foot on the switch button. A pedal may be used over the button to aid in
location and operation of the switch. When the switch may become wet and
slippery, the switchcap surface should possess a frictional surface to
minimize the possibility of the foot slipping off the switch.

5.4.3.1.2.3 Dimensions, resistance and displacement. Dimensions, reistance
and displacement of foot-operated switches shall conform to the criteria in
Figure 12. Although not recommended (i.e., only one switch per foot is
preferred), when one foot is required to operate more than one switch, such
switches shall be at least 75 mm (3 in.) apart (horizontal); 200 mm (8 in.)
apart (vertical).

5.4.3.1.2.4 Feedback. A positive indication of control activation shall
be provided (e.g., snap feel, audible click, association visual or auditory
display).

5.4.3.1.3 Keyboards.

5.4.3.1.3.1 Use. 'Arrangements of push buttons in the form of keyboards
should be used win alphabetic, numeric or special function information is
to be entered into a system.

5.4.3.1.3.2 Layout and configuration. The key configuration and the
number of keys aredependent upon thepredominant type of information to be
entered into the system. The major forms that keyboards can take, which aid
in the entry of such information, are given below:

a. Numeric keyboard. The configuration of a keyboard used to enter
solely numeric nformation should be a 3 x 3 + 1 matrix with the zero digit
centered on the bottom row.

b. Alpha-numeric keyboard. Keyboard configurations for entry of
alphabetic and some numeric information shall conform to ItIL-STD-1280. For
some applications the entry of data varies from primarily alphabetic to
primarily numeric. For these applications two alternatives are preferred:
Provide a keyboard of the type shown in Figure 2 of MIL-STD-1280 (where
there is no separation between alphabetic and numeric characters) or provide
a separation to emphasize the two separate functions, with the numeric
keyboard located to the right of the standard keyboard.

5.4.3.1.3.3 Dimensions, resistance , displacement, and separation. The
control dimensions, resistance, displacement and separation between adjacent
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edges of the pushbuttons which form keyboards shall conform to the criteria
in Table X. For a given keyboard these criteria shall be uniform for all
individual keys. For those applications where operation while wearing
(trigger finger) arctic mittens is required, the minimum key size shall be
19 mm (0.75 in). Other parameters are unchanged from those of bare-handed
operation (see Table X).

5.4.3.1.3.4 Sloep. The slope of nonportable keyboards should be
260-435 mrad (I3-25" ) from the horizontal. The preferred slope is
280-300 mrad (17-180). The slope of a portable device can be varied
according to the preference of the operator.

5.4.3.1.3.5 Multiple keyboards. Systems containing more than one
keyboard shall Taintain the same configuration for alphanumeric, numeric and
special function keys throughout the system.

5.4.3.1.3.6 Feedback. Feedback shall be provided to inform the operator
whether the key was pressed, the intended key was pressed, and the next
operation may be initiated, where applicable.

5.4.3.1.4 Toggle switch controls.

5.4.3.1.4.1 Use. Toggle switches should be used for functions which
require two dlscrete positions or where space limitations are severe. Toggle
switches with three positions shall be used only where the use of a rotary
control, legend switch control, etc., is not feasible or when the toggle
switch is of the spring-loaded, center position-off type. Three position
toggle switches which are spring-loaded to center-off from only one other
position shall not be used if release from the spring-loaded position resplts
in switch handle travel beyond the off position. (Toggle switches are
considered herein to be discrete position controls. Small controls that are
the same size and shape as toggle switches and used for making continuous
adjustments are described herein as levers.)

5.4.3.1.4.2 Accidental actuation. When the prevention of accidental
actuation is of primary iTmportance (l.e., critical, dangerous, or hazardous
conditions would result), channel guards, lift-to-unlock switches, or other
equivalent prevention mechanisms shall be provided. Safety or lock wire shall,
not be used. Resistance of lift-to-unlock mechanisms shall not exceed t3 N
(3 lb). If a cover guard is used, its location when open shall not inLerfere
with the operation of the protected device or adjacent controls.

5.4.3.1.4.3 Dimensions, resistance, displacement, and separation.
Dimensions, resTanc(i displacement, and separation between adjacent edges of
toggle switches shall conform to the criteria In Figure 13. Resistance should
gradually increase' then drop when the switch snaps into position. The switch
shall not be capable of being stopped between positions.

5.4.3.1.4.4 Positive indication. An indication of control activation shall

be provided (e.9., snap feel, audible click, associated or integral light).
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HS

DIMENSIONS RESISTANCE

L D

Arm Length Control Tip
• i **Smell Large

Snvitch Switch

Minimum 13 mm 35 mm 3 ntwn 2. N 2.8 N
(112 In.) 11-112 In.) (it/ In.) (10 oaJ (10 04.)

Maximum 50 mm nin 5 mm 4.5 N IIN
(2 In.) 12 IK) (i111) ItS OL) (40 oa.
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FIGURE 13. TOGGLE SWITCHES
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5.4.3.1.4.5 Orientation. Toggle switches should be vertically oriented
with OFF in the down position. Horizontal orientation and actuation of toggle
switches shall be employed only for compatibility with the controlled function
or equipment location.

5.4.3.1.5 Legend switches.

5.4.3.1.5.1 Dimensions, resistance, displacement, and separation.
Dimensions, resistance, displacement, and separation between adjacent edges of
legend switches shall conform to the criteria in Figure 14, except that
maximum switch separation does not apply to non-matrix applications.

5.4.3.1.5.2 Barrier height. Barrier height from panel surface shall
conform to the criteria in Figure 14. Unless otherwise specified, barriers
are required on critical switches and on switches likely to be inadvertently
activated. Barriers, when used, shall not obscure visual access to controls,
labels or displays, and shall have rounded edges.

5.4.3.1.5.3 Other requirements.

a. For positive indication of switch actuation, the legend switch shall
be provided with a detent or click. When touch sensitive switches are used, a
positive indication of actuation shall be provided, e.g., an integral light
within or above the switch being actuated.

b. The legend shall be legible with or without internal illumination.

c. A lamp test or dual lamp/filament reliability shall be provided for
switches if the mean time between failure (MTBF) is less than 100,000 hrs.

d. Lemps within the legend switch shall be replaceable from the front of
the panel by hand and the legends or covers shall be keyed to prevent the
possibility of interchinging the legend covers.

e. There shall be a maximum of three lines of lettering on the legend
plate.

5.4.3.1.6 Rocker switches.

5.4.3.1.6.1 Use. Rocker switches may be used in lieu of toggle switches
for functions wich require two discrete positions. They may be used for
applications where toggle switch handle protrusions might snag the Operator's
sleeve or phone cord, or where there is insufficient panel space for separate
labeling of switch positions. Rocker switches with three positions shall be
used only where the use of a rotary control, legend switch control, etc., is
not feasible or when the rocker switch is of the spring-loaded center-off
type.

5.4.3.1.6.2 Accidental actuation. When the prevention of accidental
* actuation is of OFiary importance (i.e., critical, dangerous or hazardous

97



MIL-STD-14720

s0

sim OSPLACMM RESISTANCE

mwamwm 33fMm 3m s" mm 5 m

1111 mum 1114 w. 41,0 1P.1 m014we I too *&I-

O* 120 .s kr ti I*. abula whkL amIC Pa~Ium tu V4*At MOOew

FIGURE 14. LEGEND SWITCH



Ml L-STD-1472D

conditions would resuit), channel guards or equivalent protective measures
shall be provided.

5.4.3.1.6.3 Positive indication. An indication of control actuation shall
be provided (e.?., snap feel, audible click, associated or integral light).

5.4.3.1.6.4 Dimensions resistance, displacement and separation.
Dimensions, resistance, displacement and separation between centers of rocker
switches shall conform to the criteria in Figure 15. Resistance should
gradually increase, then drop when the switch snaps into position. The switch
shall not be capable of being stopped between positions.

5.4.3.1,6.6 Orientation. Where practicable, rocker switches shall be
vertically oriented. Actuation of the upper wing shall turn the equipment or
component on, cause the quantity to increase, or cause the equipment of
component to move forward, clockwise, to the right or up. Horizontal
orientation of rocker switches shall be employed only for compatibility with
the controlled function or equipment location.

5.4.3.1.6.7 Color and illumination. Alter-te colors may be used to denote
the ON and OFF portions of a rocker-switch. Alternate illumination of either
the ON or OFF switch position may be used to facilitate positive recognition
of current switch position. For other color coding considerations, see
5.2.2.1.18. For areas where ambient illumination will provide display
luminance below 3.5 cd/M2 (1 Ft-.L), the rocker switch should be internally
illuminated. Digits and letters shall appear as illuminated characters on an
opaque background and their dimensions should approximate the following:

a. Height: 4.8 mm (3/16")

b. Height-to-Width Ratio: 3:2

c. Height-to-Stroke-Width Ratio: 1O;1

5.4.3.1.7 Slide switch controls.

5.4.3.1.7.1 Use. Slide switch controls may be used for functions which
require two discrete positions. Slide switch controls may also be used for
functions which require a higher number of discrete positions in which the
switches are arranged in a matrix to permit easy recognition of relitive
switch settings (e.g., audio Settings across frequencies), but shall not be
used where mispositioning is to be avoided.

5.4.3.1.7.2 Accidental actuation. When the prevention of accidental
actuation is of primary importance (i.e., critical, dangerous, or hazardous
conditions would result), channel guards or other equivalent means shall be
provided.

5.4.3.1.7.3 Dimensions, resistance, and separation. Dimensions, resistance. and separation of slide switch handles shall conform to criteria in Figure 16.
Detents shall be provided for each control setting. Resistance should

9
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H

STANDARD ROCKER SWITCH: NARROW WIDTH, ESPECIALLY
USE AS ALTERNATE TWO-POSN DESIRABLE FOR TACTILE
TOGGLE SWITCH TO PROVIDE DEFINITION WITH GLOVES.
LABELING SURFACE, EASE OF
COLOR CODING, SWITCH
ILLUMINATION.

ALTERNATE (CONTRAST) COLOR
FOR ON VERSUS OFF TO PROVIDE
CONSPICUOUS CUE OF SWITCH
POSITION. ILLUMINATED "ON"
DESIRABLE AS SECOND FEEDBACK
CUE.

DIMENSIONS RESISTANCE

W, WIDTH L, LENGTH

[INIMUM 6 m (114") 13 m (1/2") 2.8 N (10 oz.)

MAXIMUM 11 N (40 oz.)

SEPARATION
DISPLACEMENT (Center-to-Center)

H, HT, DEPRESSED A, ANGLE S (Bare Hand) S (Gloved Hand)

MINIUM 3 mm (1/3") 530 wad (o) 19 m (3/4") 32 mm (1-1/4")

FIGURE 15. ROCKER SWITCHES
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Detents shall be provided for each control setting. Resistance should
gradually increase, then drop when the switch snaps into position. The switch
shall not be capable of stopping between positions.

5.4.3.1.7.4 Orientation. Where practicable, slide switches shall be
vertically oriented with movement of the slide up or away from the operator
turning the equipment or component on, causing a quantity to increase, or
causing the equipment or component to move forward, clockwise, to the right or
up. Horizontal orientation or actuation slide switches shall be employed only
for compatibility with the controlled function or equipment location.

5.4.3.1.7.5 Positive indication. Slide switch controls involving more than
two positions shall be designed to provide positive indication of control
setting, preferably a pointer located on the left side of the slide handle.

5.4.3.1.8 Discete push-puill controls.

5.4.3.1.8.1 Applications. Push-Pull controls may be used when two discrete
functions are to be selected. However such applications should be used
sparingly and for applications in which such configurations are typically
expected (e.g., vehicle headlight switch, choke, etc.). They may also be used
in certain cases where limited panel space suggests a miniaturized knob that
may be used to serve two related, but distinct functions (e.g., an
ON-OFF/Volume switch for a T.V. monitor.) A three-position push-pull control

* is acceptable in isolated instances where the criticality of inadvertent
selection of the wrong position has no serious consequences (e.g., the typical
vehicle headlight switch configuration that provides three "pull"
positions.-OFF/Park/Headlight-plus a rotary panel light and dome light
switch).

5.4.3.1.8.2 Handle dimensions, displacement and clearances. Push-Pull
control handles shall conform to criteria in Table Xl.

5.4.3.1.8.3 Rotation. Except for combination push-pull/rotate switch
configurations, push-pull control handles shall be keyed to a non-rotating
shaft, unless the control is to be used for a special application (e.g., the
handle is rotated to disengage the brake setting). When the control system
provides a combination push-lull/rotate functional operation, using a round
style knob, the rim of the knob shall be serrated to denote (visually and
tactually) that the knob can be rotated, and to facilitate a slip-free finger
grip.

5.4.3.1.8.4 Detents. Mechanical detents shall be incorporated into
push-pull contros"to'provide tactile indication of positions.

5.4.3.1.8.5 Snagging and inadvertent contact. Use, location and operating
axis of push-pull type controlslshall preclude the possibility of the
operator's:
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DIMENSIONS RESISTANCE

.. W SMALL LARGE
ACTUATOR HEIGHT ACTUATOR WIDTH SWITCH SWITCH

MINIMUM 6 me (1/4") 13 mm (1/2") 6 mm (1/8") 2.BN (lOoL).SN (lOoL)

MAXIM-- (1") 4SN (6oL) i1 N (40 oz.)

SEPARATION, 5

SINGLE FINGER SINGLE FINGER SIMULTANEOUS OPERATION
OPERATION SEQUENTIAL OPERATION BY DIFFERENT FINGERS

MINIMUM 19 ON (3/41) 13 m (1/2") 16 we (5/8)

OPTIMUM 50 (20) 25 (1") 19 m (3/4")

*Use by bare finger.
**Use with heavy handwear.

FIGURE 16. SLIDE SWITCHES
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a. Bumping a control while getting into or out of position (as in a
vehicle).

b. Snagging clothing, communication cables, or other equipment items on
the control.

c. Inadvertently deactuating the control setting while reaching for
another control.

5.4.3.1.8.6 Direction of control motion. Control direction shall be as
follows:

a. Pull towards the operator for ON or actuation; push away for OFF or
deactuation.

b. Clockwise for actuation or increasing function of combination
pul 1/rotary switches.

5.4.3.1.8.7 Resistance. Force for pulling a panel control with fingers
should be not more than 18 N (4 lb), for pulling a T-bar with four fingers
should be not more than 45 N (10 Ib).

5.4.3.1.9 Printed circuit (PC)_switch controls.

5.4.3.1.9.1. Use. PC switches may be used when manual programming functions
are required in"sstems employing printed circuit boards.

5.4.3.1.9,2 Dimensions, resistance, displacement and separation.
Dimensions, resistance, displacement and separation between adjacent PC switch
actuators shall conform to the following:

a. Dimensions of actuators shall be sufficiently high to permit error-
free manipulation by the operator when using some commonly available stylus
(e.g., pencil or pen). The design of the actuators shall not require the use
of a special tool for manipulation.

b. Actuator resistance shall be sufficiently high to avoid inadvertent
actuation under expected use conditions. Resistance should gradually
increase, then drop when the actuator snaps into position. The actuator shall
not be capable of stopping between positions.

c. When actuators are slide-type, they shall have sufficient travel
(displacement) to permit easy recognition of switch setting. At a minimum,
the travel should be twice the length of the actuator. When actuators are
rocker-type, the actuated wing shall be flush with the surface of the module.

d. Actuators shall have sufficient separation to permit error-free
manipulation by the operator (i.e., the stylus cannot inadvertently contact
adjacent actuators).
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5.4.3.1.9.3 Shape. The surface of the actuator shall be indented to accept
the point of the stylus. The indentation shall be sufficiently deep to avoid
slippage of the stylus during manipulation.

5.4.3.2 Continuous adjustment linear controls.

5.4.3.2.1 Levers.

5.4.3.2.1.1 Use. Levers may be used when large amounts of force or
displacement ariTnvolved or when multidimensional movements of controls are
requi red.

5.4.3.2.1.2 Coding. When several levers are grouped in proximity to each
other, the lever handles shall be coded.

5.4.3.2.1.3 Labeling. When practicable, all levers shall be labeled as to
function and direction of motion.

5.4.3.2.1.4 Limb support. When levers are used to make fine or continuous
adjustments, support shall be provided for the appropriate limb segment as
follows:

a. For large hand movements: elbow

b. For small hand movements: forearm

c. For finger movements: wrist.

5.4.3.2.1.5 Dimensions. The length of levers shall be determined by the
mechanical advantage d. When the lever or grip handle is spherical, its
diameter shall conform to the criteria in Figure 17.

5.4.3.2.1.6 Resistance. The resistance incorporated in levers shall be
within the limits-indicated in Figure 17, measured as linear force applied to
a point on the handle. (NOTE: The right hand can supply slightly more force
than the left, but the difference is not significant. The same amount of
push-pull force can be applied when the control is along the median plane of
the body as when it is directly in front of the arm, 180 mm (7 in) from the
median plane. When the control is placed in front of the opposite (unused)
arm only 75 percent as much force can be applied. When the control is 250 to
480 mm (10 to 19 in) forward of the neutral seat reference point, twice as
much push-pull force can be applied with two hands as with one-hand operation.
Outside this range two-hand operation becomes less effective.)

5.4.3.2.1.7 Displacement and separation. Control displacement (for the
seated operator) and separation shall conform to the criteria in Figure 17.

5.4.3.2.2 Displacement josticks. (Also known as isotonic joysticks.)
Displacement joysticks usually have d spring resistance to movement away from
the center (null) position, although some have no spring. Joystick controls
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may be used when the task requires precise or continuous control in two or
more related dimensions. (The term "joystick" is used here to refer primarily
to controls used for cursor placement or precise adjustment.) When
positioning accuracy is more critical than positioning speed, displacement
joysticks should be selected over isometric joysticks. Displacement joysticks
may also be used for various display functions such as data pickoff from a CRT
and generation of free-drawn graphics. In rate control applications, which
allow the follower (cursor or tracking symbol) to transit beyond the edge of
the display, indicators shall be provided to aid the operator in bringing the
follower back onto the display. Displacement joysticks which are used for
rate control should be spring-loaded for return to center when the hand is
removed. Displacement joysticks which have a deadband near the center or
hysteresis shall not be used with automatic sequencing of a CRT follower
(cursor or tracking symbol) unless they are instrumented for null return or
zero-set to the instantaneous position of the stick at the time of sequencing.
Upon termination of the automatic sequencing routine, joystick center shall
again be registered to scope center. Displacement joysticks usually require
less force than isometric joysticks and are less fatiguing for long operating
periods.

5.4.3.2.2.1 Hand operated displacement joysticks

5.4.3.2.2.1.1 Specific Use. In addition to the general use, hand operated
displacement joysticks may be used as vehicle controllers and aiming sensors.
Hano operated displacement joysticks may be used as mounting platforms for
secondary controls, such as thumb and finger operated switches. Operation of
secondary controls has less induced error on the displacement hand grip than
does isometric handgrips.

5.4.3.2.2,1.2 Dynamic characteristics. Movement shall not exceed
45 degrees from the center position'. Movement shall be smooth in all
directions, and positioning of a follower shall be attainable without
noticeable backlash, cross-coupling or need for multiple corrective movements.
Control ratios, friction and inertia shall meet the dual requirements of rapid
gross positioning and precise fine positioning. When used for generation of
free-drawn graphics, the refresher rate for the follower on the CRT shall be
sufficiently high to give the appearance of a continuous track. Delay between
control movement and the confirming display response shall be minimized and
shall not exceed 0.1 second.

5.4.3.2.2.1.3 Dimensions, resistance, and clearance. The hand grip length
should be in the range of 110 - 180 mm (4.3" - 7.1 "). The grip diameter shall
not exceed 50 mm (2"). Clearances of 100 mm (4") to the side and 50 mm (2")
to the rear shall be provided to allow for hand movement. Joysticks shall be
mounted to provide forearm support. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5,4.3.2.2.2 Finger operated displacement joysticks

0
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5.4.3.2.2.2.1 Specific use. In addition to the general uses, finger
operated displacement joysticks are useful for free-drawn graphics. In this
application, there is usually no spring return to center, and the resistance
should be sufficient to maintain the handle position when the hand is removed.

5.4.3.2.2.2.2 Dynamic characteristics. Movement shall not exceed
45 degrees from the center position.' Movement shall be smooth in all
directions, and positioning of a follower shall be attainable without
noticeable backlash, cross-coupling, or need for multiple corrective
movements. Control ratios, friction and inertia shall meet the dual
requirements of rapid gross positioning and precise fine positioning.
Recessed mounting or pencil attachments may be utilized as indicated in
Figure 18, to provide greater precision of control. When used for generation
of free-drawn graph cs, the refresher rate for the follower on the CRT shall
be sufficiently hign to give the appearance of a continuous track. Delay
between control movement and the confirming display response shall be
minimized and shall not exceed 0.1 second.

5.4.3.2.2.2.3 Dimensions, resistance, and clearance. The joystick should
be mounted on a desk or shelf surface as shown in Figure 18. Joysticks shall
be mounted to provide forearm or wrist support. Modular devices shall be
mounted to allow actuation of the joystick without slippage, movement, or
tilting of the mounting base.

5.4.3.2.2.3 Thumbtip/fingertip operated displacement joysticks.

5.4.3.2.2.3.1 u. Thumbtip/fingertip operated joysticks may be
mounted on a handgrlp, which serves as a steady rest to damp vibrations and
increase precision. If so mounted, the hand grip shall not simultaneously
function as a joystick controller.

5.4.3.2.2.3.2 Dnamic characteristics. Movement shall not exceed
45 degrees from tenter positTion.

5.4.3.2.2.3.3 Dimensions, resistance, and clearance. Joysticks shall be
mounted to provide wrist or hand support, Console mounted devices shall be
mounted as shown in Figure 18. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.3 Isometric joystick (two axis controllers). (Also known as stiff
stick. force stick,or pressure stick. The control has no perceptible
movement, but its output is a function of the force applied.) Joystick
controls may be used when the task requires precise or continuous control in
two or more related dimensions. Isometric joysticks are particularly
appropriate for applications: (1) which require precise return to center
after each use; (2) in which operator feedback is primarily visual rather than
tactile feedback from the control itself; and (3) where there is minimal delay
and tight coupling between control and input and system reaction. Isometric
sticks should ordinarily not be used in applications where it would be

108



MIL-STD-A'472D

necessary for the operator to maintain a constant force on the control for a
long period of time or where there is no definitive feedback when maximum
control inputs have.been exceeded. Joystick controls may be used when the
task requires precise or continuous control in two or more related dimensions.
When positioning speed is more critical than positioning accuracy, isometric
joysticks should be selected over displacement joysticks. Isometric joystick
may also be used for various display functions such as data pickoff from a
CRT. In rate control applications, which may allow the follower (cursor or
tracking symbol) to transit beyond the edge of the display, indicators shall
be provided in order to aid the operator in bringing the follower back onto
the display.

5.4.3.2.3.1 Hand-operated.

5.4.3.2.3.1.1 Specific Use. In addition to the general use, hand-operated
isometric joysticks may be used as vehicle controllers and aiming sensors.
Hand operated isometric joysticks may be used as mounting platforms for
secondary controls, such as thumb and finger operated switches. Operation of
secondary controls has greater induced error on the isometric hand grip than
does displacement handgrip joysticks.

5.4.3.2.3.1.2 Dynamic characteristics. tMaxmimum force for full output
shall not exceed 118 N (26.7 lb).

5.4.3.2.3.1.3 Dimensions, resistance, and clearance. The hand grip length
should be in the range of 110 - 180 mm (4.3" - 7.1". The grip diameter shall
not exceed 50 mm (2"). Clearances of 100 mm (4") to the side and 50 mm (2")
to the rear shall be providea to allow for hand movement. Joysticks shall be
mounted to provide forearm support. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.3.2 Finger operated.

5.4.3.2.3.2.1 Specific use.

5.4.3.2.3.2.2 Dynamic characteristics.

5.4.3.2.3.2.3 Dimensions resistance, and clearance. The joystick should
be mounted on a desk or shelf surface as shown in Figure 18. Joysticks shall
be mounted to provide forearm or wrist support. Modular devices shall be
mounted to allow actuation of the joystick without slippage, movement, or
tilting of the mounting base.

5.4.3.2.3.3 Thumbtip/fingerti.p. operated.

5.4.3.2.3.3.1 Specific use. Thumbtip/fingertip operated joysticks may be
mounted on a handgrip, which serves as a steady rest to damp vibrations or
increase precision. If so mounted, the hand grip shall not simultaneously. function as a joystick controller.
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5.4.3.2.3.3.2 Dynamic characteristics.

5.4.3.2.3.3.3 Dimensions, resistance and clearance. Joysticks shall be
mounted to provide wrist or hand support. Console mounted devices shall be
mounted as shown in Figure 18. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.4 Ball control (Also known as track ball, ball tracker, joyball
and rolling ballo)

5.4.3.2.4.1 Use. A ball control suspended on low-friction bearings may be
used for variouisontrol functions such as data pickoff on a display. The
ball control cannot provide an automatic return to point of origin, hence if
used in applications requiring automatic return to origin following bn entry
or readout, the interfacing system must provide this. Because the ball can be
rotated without limit in any direction it is well Fuited for applications
where there may be accumulative travel in a given direction. In any
application which would allow the ball to drive the follower on the display
off the edge of the display, indicators shall be provided to advise the
operator how to bring the follower back onto the display. Ball controls
should be used only as position controls (i.e., a given movement of a ball
makes a proportional movement of the fol .:er on the display).

* 5.4.3.2.4.2 Dynamic characteristics. The ball control shall be capable of
rotation in any direction so as to generate any combination of x and y output
values. When moved in either the x or y directions alone there shall be no
apparent cross-coupling (follower movement in the orthogonal direction).
While manipulating the control, neither backlash nor cross-coupling shall be
apparent to the operator. Control ratios and dynamic features shall meet the
dual requirement of rapid gross positioning, and smooth, precise fine
positioning.

5.4.3.2.4.3 Limb support. When trackball controls are used to make precise
or continuous adjustments, wrist support or arm support or both shall be
provided. (See 5.4.3.2.1.4.)

5.4.3.2.4.4 Dimensions, resistance and clearance. Dimensions, resistance
and clearances Slo u cnform to the criteria-n-Figure 19. The smaller
diameter ball controls should be used only where space availability is very
limited and when there is no need for precision. Preferred mounting is on a
shelf or desk top (see Figure 19).

5.4.3.2.5 Grid-and-stylus devices. These provisions cover various
techniques which utilize some means of establishing an x and y grid and a
stylus for designating specific points on that grid for control purposes
(e.g., time-shared x and y potential grids and a voltage-sensitive stylus).

5.4.3.2.5.1 A plication. Grid and stylus devices may be used for data. pickoff from a CRT, entry of points on a display, generation of free-drawn
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graphics and similar control applications. The grid may be on a transparent
medium allowing stylus placement directly over corresponding points on the
display or it may be displaced from the display in a convenient position for
stylus manipulation. In either case a follower (bug, mark, hook, etc.) shall
be presented on the display at the coordinate values selected by the stylus.
Devices of this type should be used only for zero order control functions
(i.e., displacement of the stylus from the reference position causes a
proportional displacement of the follower).

5.4.3.2.5.2 Dynamic characteristics. Movement of the stylus in any
direction on the grid surface shall result in smooth movement of the follower
in the same direction. Discrete placement of the stylus at any point on the
grid shall cause the follower to appear at the corresponding coordinates and
to remain steady In position so long as the stylus is not moved. Refresh rate
for the follower shall be sufficiently high to ensure the appearance of a
continuous track whenever the stylus is used for generation of free-drawn
graphics.

5.4.3.2.5.3 Dimensions and mounting. Transparent grids which are used as
display overlays shall conform to the size of the display. Grids which are
displaced from the dis'lay should approximate the display size and should be
mounted below the display in an orientation to preserve directional
relationships to the maximum extent (i.e., a vertical plane passing through
the north/south axis on the grid shAll pass through or be parallel to theO north/south axis on the display).

5.4.3.2.6 Free-moving XY controller (Mouse)

5,4.3.2.6.1 Application. This type of controller may be used on any ?lat
surface to generate x-and y coordinate values which control the position of
the follower on the associated display. It may be used for data pickoff or
for entry of coordinate values. It should be used for zero order control only
(i.e., generation of x and y outputs by tha..controller results in proportional
displacement of the follower). It should not be used for generation of
free-drawn graphics.

5.4.3.2.6.2 Dynamic characteristics. The design of the controller and
platement of the maneuvering surface shall be such as to allow the operator to
consistently orient the controller to within +175 mrad (100) of the correct
orientation without visual reference to the cGntroller. (That is, for
example, when the operator grasps the controller in what seems to be the
correct orientation and moves it rectilinearly along what is assumed to be
straight up the y axis, then the direction of movement of the follower on the
CRT shall be between 6110 and 175 mrad (3500 and 100). The controller shall
be easily movable in any direction without a change of hand grasp and shall
result in smooth movwenn of the follower in the same direction +175 mrad
(10'). The controller shall be operable with either the left orright hand.
A complete excursion of the controller from side to side of the maneuvai'ing
area shall move the follower from side to side on the display rcgardless of
scale setting or offset unless expanded movement is selected for an automatic
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sequencing mode of operation. In any application which would allow the
controller to drive the follower off the edge of the display, indicators shall
be provided to assist the operator in bringing the follower back onto the
display.

5.4.3.2.6.3 Dimensions and shape. The free-moving xy controller shall
have no sharp edges but shall be shaped roughly as a rectangular solid, with
limiting dimensions as follows.

Min. Max.

Width (spanned by thumb 40 mm (1.6 in.) 70 mm (2.8 in.)
to finger grasp)

Length 70 mm (2.8 in.) 120 mm ,(4.7 in.)

Thickness 25 mm (1.0 in.) 40 mm (1.6 in.)

5.4.3.2.7 Light pen

5.4.3.2.7.1 Use. A simple light pen may be used as a track-oriented
readout device"7That is, it may be positioned on the display screen to detect
the presence of a computer-generated track by sensing its refresh pattern; the
display system will then present a follower (hook) on the designed track.
With suitable additional circuitry, a follower can be made to track the
movement of the light pen across the surface, thus allowing it to function as
a two-axis controller capable of serving the same purposes as the grid and
stylus devices (paragraph 5.4.3.2.5.1).

5.4.3.2.7.2 Dynamic characteristics. When used as a two-axis controller,
light pen dynamTi characteristics shall conform to paragraph 5.4.3.2.5.2.

5.4.3.2.7.3 Dimensions and mounting. The light pen shall be 120 - 180 mm
(4.7 - 7.1") long with a diameter of 7 - 20 mm (0.3 - 0.8"). A convenient
clip shall be provided at the lower right side of the CRT to hold the light
pen when it is not in use.

5.4.3.2.8 Pedals.

5.4.3.2.8.1 Use. Pedal controls should be used only where the operator is
likely to have Bofh hands occupied when control operation is required, control
system force is too high for manual force capability of the operator, or
standardized use of pedals has created a sterotype expectancy (e.g., vehicle
pedal control configurations such as clutch, brake, accelerator, rudder).

5.4.3.2.8.2 Location. Pedal controls shall be located so that the operator
can reach them easily without extreme stretching or torso twisting and can
reach the maximally-displaced pedals within anthropometric limits and
force-capabilities (see Figure 20). Pedals that may be held or must be
adjusted (accelerator, clutch, etc.) shall be located so the operator can
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"rest" and "steady" the foot, i.e., the pedal shall be an appropriate critical 1
distance above the floor so the operator's heel can rest on the floor while
articulating the ankle/foot. When this cannot be done (and the pedal angle is
more than 350 mrad (20*) from the horizontal floor), a heel rest shall be
provided.

5.4.3.2.8.3 Control return. Except for controls which generate a
continuous output, (e.g., rudder controls) pedals shall return to the original
null position without requiring assistance from the operator (e.g., brake
pedal). For pedals in which the operator may normally rest the foot on the
control between operations, sufficient resistance shall be provided to prevent
the weight of the foot from inadvertently actuating the control (e.g.,
accelerator pedal).

5.4.3.2.8.4 Pedal travel path. The travel path shall be compatible with
the natural art culation pat o the operator's limbs (i.e., thigh, knee,
ankle).

5.4.3.2.8.5 High force application aids. When high forces are required to
fully actuate a pedal, appropriate aids shall be provided to assist the
operator in applying maximum force including the following where applicable:

a. Seat backrest.

b. Optimized seat height-to-pedal and normal reach distance for maximum
force, i.e., seat reference point (SRP) and pedal are at the same vertical 1
height and reach distance is configured so the upper thigh and lower leg
create an angle of approximately 2790 mrad (1600) (see Figure 22).

c. Double-width pedal so that both feet can be used.

5.4.3.2.8.6 Non-slip pedal surface. Pedals used for high force
applications shall be provided with a non-skid surface. Similar surfaces are
desirable for all pedals.

5.4.3.2.8.7 Dimensions, resistance, displacement and separation.
Dimensions, resTsta'nce, displacement and separation of pedals shall conform to
the criteria in Figure 20.

5.4.4 High-force controls.

5.4.4.1 Use. In general, controls requiring operator forces exceeding the
strength li-Tts of the lowest segment of the expected user population shall
not be used. In addition, high force controls shall not be used except when
the operator's nominal working position provides proper body support or limb
support or both, e.g., seat backrest, foot support. Sustained (i.e.,
durations longer than 3 seconds) high force requirements shall be avoided.

5.4.4.2 Arm, hand, nnd thumb-finger controls. Where arm, hand and
thumb-finger controls requiring high control forces are to be used, the
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5.4.6 Touch-screen controls for displays

5.4.6.1 Use. Touch-screen control may be used to provide an overlaying
control functon to a data display device such as CRTs, dot matrix/segmented
displays, electroluminescent displays, programmable indicators, or other
display devices where direct visual reference access and optimum direct
control access are desired.

5.4.6.2 Luminance transmission. When used, touch-screen displays shall
have sufficient 1 umi nance transml ss ion to allow the di splay with touch-sc reen
installed to be clearly readable in the intended environment and meet the
display luminance requirements herein.

5.4.6.3 Positive indication. A positive indication of touch-screen
actuation shal 1e provided to acknowledge the system response to the control
action.

5.4.6.4 Dimensions and separation. The dimensions and separation of
responsive areas of the touch-screen shall conform to S1 S2 and Bw of
Figure 14.

5.4.6.5 Resistance. Force required to operate force-actuated touch-screens
shall conform to the alphanueric resistance limits of Table X.

i ....THIGH ANGOLE W

* -

0 " . 1. . A M .O....

311199

4 3 - 3e

1.111IG 4AN

100 I'V Q lie Ig

KMUANGLS (0. D)EGREES

FIGURE 22. LEG STRENGTH AT VARIOUS KNEE AND THIGH ANGLES
(fts PERCENTILE MALE DATA)
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maximum force requirements shall not exceed those specified in Figure 21,
which should be corrected, where applicable, for females. (Two-thirds of each
value shown is considered to be a reasonable adjustment.)

5.4.4.3 Foot controls. Where foot controls requiring high control forces
are to be used, the force push exerted by the leg depends on the thigh angle
and the knee angle. Figure 22 specifies the mean maximum push at various knee
and thigh angles. The maximum push is at about the 160 degree angle, referred
to as the limiting angle. The values of Figure 22 apply to males only and
should be corrected for females. (Two-thirds of each value is considered to
be a reasonable adjustment.)

5.4.5 Miniature control,

5.4.5.1 Use. Miniature controls may be used only when severe space
limitationsieist. Miniature controls shall not be used when available space
is adequate for standard-sized controls or when heavy gloves or mittens will
be worn.

5.4.5.2 Dimensions, resistance, displacement and separation. When design
constraints dictate the use of miniature controls, the dimensions and
separation of the controls shall be the maximum permitted by the available
space up to the maxima prescribed herein for standard-sized controls.
Resistance and displacement of miniature controls should conform to the
criteria specified for the standard size of that type of control.

5.4.5.3 Other requirements. Other design considerations (e.g., labeling,
orientationT sa confom to the requirements specified for the standard size
of the control.

5.4.6 Touch-screen controls for displays

5.4.6,1 Use. Touch-screen control may be used to provide an overlaying
control funcTon to a data display device such as CRTs, dot matrix/segmented
displays, electroluminescent displays, programmable indicators, or other
display devices where direct visual reference access and optimum direct
control access are desired,

5.4.6.2 Luminance transmission. When used, touch-screen displays shall
have sufficiet lumrance transmssion to allow the display with touch-screen
installed to be clearly readable in the intended environment and meet the
display luminance requirements herein.

5.4.6.3 Positive indication. A positive indication of touch-screen
actuation sial1'S pritd o acknowledge the system response to the control
action.

5.4.6.4 Dimensions and separation. The dimensions and separation of
responsive areas of the touch-screen shall conform to S1, S2 and Bw of
Figure 14.

5.4.6.5 Resistance. Force required to operate force-actuated touch-screens
shall conform to the alphanumeric resistance limits of Table X.
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5.5 Labeling

5.5.1 General

5.5.1.1 Application. Labels, legends, placards, signs or markings, or a
combination of these hall be provided whenever it is necessary for personnel
to identify, interpret, follow procedures or avoid hazards, except where it is
obvious to the observer what an item is and what he or she is to do with it.

5.5.1.2 Label characteristics. Label characteristics shall be consistent

with such factors as:

a. Accuracy of identification required.

b. Time available for recognition or other responses.

c. Distance at which the labels must be read.

d. Illuminant level and color.

e. Criticality of the function labeled.

f. Consistency of label design within and between systems.

5.5.1.3 Prototype and production equi2ment labels. Labels for both
prototype and production equipment shall meet the criteria specified herein.
Labels for production equipment shall meet the criter-ia specified for the
duration of equipment use. Since frequent design changes may be anticipated
in prototype equipment, labels for such equipment shall be simply and easily
affixed, altered, and removed.

5.5.2 Orientation and location.

5.5.2.1 Orientation. Labels and information thereon should be oriented
horizontally so MEt'hey may be read quickly and easily from left to right.
Vertical orientation may be used only when labels are not critical for
personnel safety or performance and where space is limited. When used,
vertical labels shall read from top to bottom.

5.5.2.2 Location. Labels shall be placed on or very near the items which
they identify, so a to eliminate confusion with other items and labels.
Labels shall be located so as not to obscure any other information needed by
the operator. Controls should not obscure labels.

5.5.2.3 Standardization. Labels shall be located in a consistent manner
throughout he qutpment and system.
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5.5.3 Contents.

5.5.3.1 Equipment functions. Labels should primarily describe the
functions of equipment items. Engineering characteristics or nomenclature may
be described as a secondary consideration.

5.5.3.2 Abbreviations. Standard abbreviations shall conform to MIL-STD-12,
MIL-STD-411, or MIL-STO-T83. If a new abbreviation is required, its meaning
shall be obvious to the intended reader. Capital letters shall be used.
Periods shall be omitted except when needed to preclude misinterpretation.
The same abbreviation shall be used for all tenses and for both singular and
plural forms of a word.

5.5.3.3' Irrelevant information.. Trade names and other irrelevant
information shall not appear on labels or placards.

5.5.4 Qualities.

5.5.4.1 Brevity. Labels shall be as concise as possible without distorting
the intended meni ng or information and shall be unambiguous. Redundancy
shall be minimized. Where the general function is obvious, only the specific
function shall be identifed (e.g., frequency as opposed to frequency factor).

5.5.4.2 Familiarit. Words shall be chosen on the basis of operator
familiarity whenever possible, provided the words express exactly what is
intended. Brevity shall not be stressed if the results will be unfamiliar to
operating personnel. For particular users (e.g., maintenance technicians),
common technical terms may be used even though they may be unfamiliar to
nonusers. Abstract symbols (e.g., squares and Greek letters) shall be used
only when they have an accepted meaning to all intended readers. Common,
meaningful symbols (e.g., % and +) may be used as necessary.

5.5.4.3 Visibility and legibility. Labels and placards shall be designed
to be read eastly and accurately at the anticipated operational reading
distances, vibration/motion environment, and Illumination.

5.5.4.4 Access. Labels shall not be covered or obscured by other units in
the equipment assembly.

5.5.4.5 Label life. Labels shall be clear and distinct, have high
contrast, be mounted so as to minimize wear or obscurement by grease, grime,
or dirt, and shall remain legible for the overhaul interval of the equipment
on which they are mounted.

5.5.4,6 Label background. Label color shall contrast with the equipment
background speciied in 5.7.9. No special background for the label shall be
provided without approval by the procuring activity.
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5.5.5 Design of label characters.

5.5.5.1 Black characters. Where the ambient illuminance will be above
10 lux (0.9 it-c), blacZ caracters shall be provided on a light background.

5.5.5.2 Dark adaptation. Where dark adaptation is required, the displayed
letters or numerals shall be visible without interfering with night vision
requirements. Where possible, markings shall be white on a dark background.

5.5.5.3 Style. Style of label characters shall conform to MIL-M-18012,

where consistent with 5.5.5.4, 5.5.5.5, 5.5.5.7, and 5.5.5.8, herein.

5.5.5.4 Capital vs lower case.

5.5.5.4.1 Labels. Labels shall be printed in all capitals; periods shall
not be used afe-rabbreviations.

5.5.5.4.2 Legends. Legends shall be printed in all capitals; periods or
commas shall not bTeused.

5.5.5.4.3 Placards. Instructional material placards may employ capitals
and lower c3sie-wFenThe amount of material consists of several lines; however,
for short, instructional material, all-capitals are preferred. All-capital
material, consisting of larger caps for the initial letter in a paragraph,. line of instruction or procedural step, may be used.

5.5.5.4,4 S . Signs shall consist of all-capitals, except when the sign
is instructionaland involves several lines of extended sentences, in which
case capitals and lower case letters may be used.

5.5.5.5 Letter width. The width of letters should be 3/5 of the height,
except for T'1777 which shall be 4/5 of the height, and "I". which shall
be one stroke wide.

5.5.5.6 Numeral width. The width of numerals shall preferably be 3/5 of
the height,-ecep for te "4", which shall be one stroke width wider, and the"14 which shall be one stroke wide.

5.!.5.7 Wide characters. Where conditions indicate the use of wider
characters, as Tn acurved surface, or where numerals must be aligned vertically
in columns, the basic height-to-width ratio may be increased to as much as 1:1.

5.5.5.8 Stroke width normal. For black characters on a white (or light)
background, the stroke width-shall be 1/6 to 1/7 of the height.

5.5.5.9 Stroke width. dark adaptation. Where dark adaptation is required
or legibility at night s a critical factor, and white characters are
specified on a black back ground, the stroke width of the characters shall be
from 1/7 to 1/8 of the height (i.e., narrower than specified for normal
daytime vision). The stroke width shall be the same for all letters and
numerals of equal height.
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5.5.5.10 Stroke width, transilluminated characters. For transilluminated
characters, the stroke width shall be 1/10 of the height.

5.5.5.11 Character spacing. The minimum space between characters shall be
one stroke vit

5.5.5.12 Word spacing. The minimum space between words shall be the width
of one character.

5.5.5.13 Line spacing. The minimum space between lines shall be one-half
character height.

5.5.5.14 Label size vs luminance. The height of letters and numerals shall
be determined by the required reading distance and luminance. With a 710 mm
(28 in) viewing distance, the height of numerals and letters shall be within
the range of values in Table XII for "low" and "high" control-display
luminance conditions.

5.5.5.15 Character height and viewing distance. For general dial and panel
design, with theluminance normally above 3.5 cd/m2 (1 ft-L), character height
should conform to the values given below for various distances:

Viewing distance Minimum height

a. less than 500 mm (19.7 in) 2.3 mm (0.09 in)

b. 0.5 - 1.0 m (19.7 - 39.4 in) 4.7 mm (0.18 in)

c. 1.0 - 2.0 m (39.4 - 78.7 in) 9.4 mm (0.37 in)

d. 2.0 - 4.0 m (78.7 - 157.5 in) 19 mm (0.75 In)

e. 4.0 - 8.0 m (157.4 - 315.5 in) 38 mm (1.50 In)

5.5.6 Equi2Mnentlabeling.

5.5.6.1 Units, assemblies, subassemblies and parts.

5.5.6.1.1. General requirements. Each unit, assembly, subassembly and part
shall be labeled With a clearly Visible, legible, and meaningful name, number,
code, mark or symbol, as applicable.

5.5.6.1.2 Location. The gross identifying label on a unit, assembly or
major subasse1 i0&11 be located:

a. Externally in such a position that it is not obscured by adjacent

ite s.

b. On the flattest, most uncluttered surface available.

c. On a main chassis of the equipment.
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TABLE XII. LABEL SIZE VERSUS LUMINANCE
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d. In a way to minimize wear or obscurement by grease, grime, or dirt. I

e. In a way to preclude accidental removal, obstruction, or handling
damage.

5.5.6.1.3 Terms. Equipment shall be labeled with terms descriptive of the
test or measurement applicable to their test points (e.g., demodulator rather
than crystal detector and power amplifier rather than bootstrap amplifier).

5.5.6.1.4 Other criteria. In addition to the criteria herein, equipment
labels and placards shall conform to MIL-STD-129, MIL-STD-130, MIL-STD-195,
MIL-STD-411, MIL-STD-783, MIL-STD-1247, and Requirement 67 of MIL-STD-454, as
applicable.

5.5.6.2 Controls and displays.

5.5,6.2.1 General requirements. Controls and displays shall be
appropriately and clearly labeled with the basic information needed for proper
identification, utilization, actuation, or manipulation of the element.
Integrally illuminated panels shall comply with MIL-P-7788.

5.5.6.2.2 Simplicity. Control and display labels shall convey verbal
meaning in the most direct manner, by using simple words and phrases.
Abbreviations may be used when they are familiar to operators (e.g., psi, kin).

5.5.6.2.3 Functional labelihp. Each control and display shall be labeled *
according to tion, and the following criteria shall apply;

a. Similar names for different controls and displays shall be avoided.

b. Instruments shall be labeled in terms of what is being measured or
controlled, taking into account the user and purpose.

c. Control labeling shall indicate the functional result of control
movement (e.g., increase, ON, OFF) and may include calibration data where
applicable. Such Infomation shall be visible during normal operation of the
control.

d. When controls and displays must be used together (in certain
adJustment tasks), appropriate labels shall indicate their functional
relationship. The selection and use of terminology shall be consistent.

5.5.6.2.4 Location. The following criteria shall apply to the location of
control and dispaylabels.

a. Ease of control operation shall be given priority over visibility of
control position labels.

b. Labels should normally be placed above the controls and displays they
describe. When the panel is above eye level, labels nay be located below if
label visibility will be enhanced thereby.
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c. The units of measurement (e.g., volts, psi, meters) shall be labeled
on the panel.

d. Labels shall be used to identify functionally grouped controls and
displays. The labels shall be located above the functional groups they
identify. When a line is used to enclose a functional group and define its
boundaries, the label shall be centered at the top of the group either in a
break in the line or just below the line. When colored pads are used, the
label shall be centered at the top within the pad area.

e. Label location throughout a system and within panel groupings shall be
uniform.

5.5.6.2.5 Size graduation. To reduce confusion and operator search time,
labels shall be graduated in size. The characters in group labels shall be
larger than those used to identify individual controls and displays. The
characters identifying controls and displays shall be larger than the
characters identifying control positions. With the smallest characters
determined by viewing conditions, the dimensions of each character shall be at
least approximately 25 percent larger than those of the next smaller label.
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5.6 Anthropometry.

5.6.1 General. Design and sizing shall insure accommodation,
compatibility, operability, and maintainability by the user population.
Generally, design limits shall be based upon a range from the 5th percentile
female to the 95th percentile male values for critical body dimensions, as
appropriate, except for Naval aviator special populations (see 5.6.4). For any
body dimension, the 5th percentile value indicates that five percent of the
population will be equal to or smaller than that value, and 95 percent will be
larger; conversely, the 95th percentile values indicates that 95 percent of
the population will be equal to or smaller than that value and five percent
will be larger. Therefore, use of a design range from the 5th to 95th
percentile values will theoretically provide coverage for 90 percent of the
user population for that dimension. Where two or more dimensions are used
simultaneously as design parameters, appropriate multivariate data and
techniques should be utilized. (See Appendix for representative references.)
The limited anthropometric data presented in this section in Figures 23
through 28 and Tables XIII through XVIII are intended to provide general
design guidance. DOD-HDBK-743 should be consulted for more extensive data.
Use of these data shall take the following into consideration:

a. The nature, frequency, safety, and difficulty of the related tasks to

be performed by the operator or wearer of the equipment.

b. The position of the body during performance of these tasks.

c. Hobility or flexibility requirements imposed by these tasks.

d. Increments in the design-critical dimensions imposed by the need to
compensate for obstacles, projections, etc.

e. Increments in the design-critical dimensions imposed by protective
clothing or equipment, packages, lines, padding, etc.

5.6.2 Anthroeometric data. The anthropometric dat3 presented in Tables
XIII through XVTI are nudebody measurements; data in centimeters are given
in the upper half of each table, and data in inches are shown in the lower
half of each table. (Note: The anthropometric data shown in these tables
have been compiled and collated from several sources. The data on Ground
Troops consist of measurements on a series of 6682 U.S. Amy men and a series
of 2008 U.S. Marines, both measured in 1966, as well as of 287 U.S. Army men
measured in 1977. The data on Aviators represent 1482 U.S. Army aviation
personnel, measured in 1970; 1549 U.S. Nsvy pilots, measured in 1964; and
2420 U.S. Air Force flying personnel, measured in 1967. The data on military
women consist of measurements of 1300 U.S. Army WAC personnel and Amy nurses,
measured in 1977; and 1905 U.S. Air Force WAF personnel and Air Force nurses,
measured in 1968.) Blanks in the tables indicate that data are not available
for those dimensions. Technical reports (see appendix) should be consulted
for definitions of specified measurements, methods of data collection and
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ST 7
'SAME AS 12; HOWEVER,
RIGHT SHOULDER is EXTENDED
At PAR FORWARD AS PO8SIBLE
WH41IE EPING THE BACK OF
THE LEFT SHOULDER- FIRMLY
AGAINST THt SIACK WALL

FIGURE 23. STANDING BODY DIMENSIONSI
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TA13LE XIII. STANDING BODY DIMENSIONS

PERCENTILE VALUES IN CENTIMETERS

56 PERCENTILE Oft PERCENT LE

GROUND GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

WEIGHT (kg) 56., 80.4 46.4 01.6 96.0 74.S

STANDING BODY DIMENSIONS
I STATURE 126 164.2 1524 16.6 107.7 174.1
2 EYE HEIGHT (SrANDING) 151.1 152.1 140.9 173.3 1752 162.2
3 SHOULDER (ACROMIALE)

HEIGHT 133.6 133.3 123.0 164.2 154.8 143.7
4 CHEST (NIPPLE) HEIGHT* 117.* 120.8 109.3 136.5 138.5 127.8
5 ELBOW (RADIALE) HEIGHT 101.0 1043 94.9 .117.8 120.0 110.7
6 FINGERTIP (DACTYLION)

HEIGHT 61.5 73.2
7 WAIST HEIGHT 366 97.6 93.1 115.2 115.1 110.3
8 CROTCH HEIGHT 7U 74.7 68.1 91.8 92.0 83.9
9 GLUTEAL FURROW HEIGHT 73.3 74.6 64 87.7 661 81.0

10 KNEECAP HEIGHT 47.6 46.8 43.8 586.0 7.8 52.5
11 CALF HEIGHT 31.1 30.9 29.0 40. 393 36.6
12 FUNCTIONAL REACH 72.6 73.1 64.0 90.9 87.0 0.4
13 FUNCTIONAL REACH,

EXTENDED 84.2 IL3 73.5 101.2 97.3 127

PGIRCEN1IJ VALUES IN INCHES

WEIGHT 0b) 122.4 132.1 1023 201.0 211.6 164.3

STANDING BODY DIMENSIONS
I STATURE 64.1 64,6 60.0 73.1 731 6a.s
2 EYE HEIGHT (STANDING) do& 6.9 55 652 9.0 63"
3 SHOULDER (ACROMIALE)

HEIGHT 52* 52.5 46.4 00.7 0.09 5.6
4 CHUT (NIPPLE) HEIGHT 464 47.5 430 537 64.5 60.3
5 ELBOW (RADIALE) HEIGHT 3111 41.3 37.4 464A 47.2 43,
* FINGERTIP (DACTYUON)

HEIGHT 4.2 2U*
7 WAIST HEIGHT 3.0 38.4 316.6 46.3 483 43.4
1 CROTCH HEIGHT 300 29.4 262 36.1 362 33.0
* GLUIIAL FURROW HEIGHT 23 29.4 262 34A 34.7 31A

10 KNEECAP HEIGHT 1.7 11L4 172 23.1 22, 20.7
11 CALF HEIGHT 12.2 12.2 11.4 16.0 15.6 144
12 FUNCTIONAL REACH U* 29JI 2.2 3U.8 34.3 317
13 FUNCTIONAL REACH.

EXTENDED 33.2 324 2. 3A I 3U.3 36.5

*BWPONT HEIGHT FOR WOMEN
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TABLE XIV. SEATED BODY DIMENSIONS

PERCENTILE VALUES IN CENTIMETER$
ft PERCENTILE 11" PERCENTILE-ma - m a

GROUND GROUND
TROQPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

SEATED BOOY DIMENSIONS
14 VERTICAL ARM REACH, 123 134.0 117A 147.3 153.2 131.4

SITTING
15 SITTING HEIGHT, ERECT 33.5 45.7 79.0 3.9 9.5 901
16 SITTING HEIGHT, RELAXED 81.5 83.6 77.5 6441 3se 89.7
17 EYE HEIGHT. SITTING 72.0 73.6 17.7 I.6 3U.1 79.1

15 EE HEIGHT, SITTING 70.0 71.6 0.2 as .0 7'."

RELAXED
19 #MD-4NbOULDER HEIGHT 5.8 5s3 53.7 67.7 062 62.
20 SHOULDER HEIGHT. 342 "A 48.3 SEA 0.9. 43

SITTING
21 SHOULDER-ELOW LENGTH 333 33.2 30.1 40.2 33 36.3
22 ELUOW-GRIP LENGTH 31.7 32.6 24 36.3 373 35A
23 EL&M-FINGERTIP LENGTH 433 44.7 40.0 5.0 61.7 47.5
24 ELOW REST HEIGHT 173 13.7 16.1 21.0 2914 2"
21 THIGH CLEARANCE HEIGHT 12.4 10.4 14. 17.5
- KNU HE1IT. SITTING 48.7 46.3 419 402 55.3 as
27 POPLITEAL EIGHT 36.7 3L4 31.0 50.0 47.7 45.7
=9 BuJTOCK -KNEE LENGTH 64.3 3U 51 N. 1 3 3.2
29 RUTTOCK-POPUTEAL A.5 4s d3. us. "s* 5au

LENGTH
80 -r4E..H LENGTH 40.7 NA4
M FUNCTIONAL L90 LENGTH 110A 103A 9"- 1E'.7 120A 118.

PERCENTILE VALUES tN INCHES
SMATED BDY UWEN3IM
14 VERTICAL ARM REACH, E1 as 462 Sea 0 1"

SITTING
1s SITTnGm 9l614, ERIECT 328 33. 31.1 32 3# 36A
16 SITTING MEIGHT, RELAXED 3.1 32. 303 V7i 31.0 3U
17 EYE HEIGTr, SiTING a" 30A 23 3L3 33. 31.2

ERECT
IS Eve "EIGHT, SITTING 2, sJ 2. 2 3.1 _5.7

RIELAXED
13 ID I-4OULDER H HT 223 213 21.2 2L.7 2V.3 24A
Ua SHOULDER HEIGHT, 211 21.5 113 25.7 2m* 21.7

SITTING
21 IHOULDIN-L4.W LENGTH 13.1 13&1 12.1 13,6 ILI 14A
22 ELlOW-GRIP LENGTH 12.5 1.3 11.3 15.1 14.3 14.0
23 4LEOW.-4NGERTIP LENGT 17.3 17. 1.7 290 2A104 13
-4 ELEON RET HEIGHT Ui 14 $A 11.0 11.4 10.4
25 THIGH CLEARANC HEIGHT 4* 4.1 74 6l
is KNEE EIGHT14, SITTING 116 13 16U 2&1 23 21.3
27 POPLITEAI MIGHT 114111 13.1 1L.0 1.7 13sm 11.0

SbUITCK-KNEE LENGTH 21A 2L0 203 25. 23.1 243
n SUTTOCK-pOPuTIAL 11I 17.7 17.1 m1S 21.5 20.7

LENGTH
30 SUTTCK-EEL LENGTH 13.A 22
$1 PUC11OSAL LEu LENGTH 4 40. 3$ 0.3 '4*- 46.7
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TABLE XV. DEPTH AND BREADTH DIMENSIONS

PERCENTILE VALUES IN CENTIMETERS

5th PERCENTILE O6t PERCENTILE

GROUND GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

DEPTH AND BREADTH
DIMENSIONS
32 CHEST DEPTH' 18.9 20.4 19.6 26.7 27s 272
33 BUTTOCK DEPTH 20.7 18.4 27.4 24.3
34 CHEST BREADTH 27.3 20.5 25.1 34.4 38.9 31.4
35 HIP BREADTH, STANDING 302 31.7 31.5 38.7 38.8 39.5
36 SHOULDER (BIDELTOID) 41. 43.2 332 493 52. 45.

BREADTH
37 FOREARM-POilEARM 38 43.2 33.0 53.6 60.7 44.9

BREADTH
38 HIP BREADTH, SITTING 30.7 33.3 33.0 384 42A 43.
39 KNEE-TO-KNEE BREADTh 19.1 25.

PERCENTILE VALUES IN INCHES
DEPTH AND BREADTH
DIMENSIONS
32 CHEST DEPTH 7.5 I.0 7.7 10.5 11.0 10.7
33 BUTTOCK DEPTH 8.2 7.2 108 0.
34 CHEST BREADTH 108 11.8 9.9 13.5 15.1 12.4
38 HIP BREADTH, STANDING 11I 12. 12.4 14.5 15.3 1",
36 SHOULDER (BIDELTOtD) 16.3 17.0 15.0 19. 20.7 18.0

*READTH
37 FORSARM-MOREARM 15.7 17.0 13.0 21.1 .239 17.7

BREADTH
38 HIP BREADTH, SITTING 12.1 13.1 13.0 15.1 11.7 173
38 KNEE-TO-KNEE BREADTH 7,5 10.0

fBiT DEPTH RM WOMEN
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0
TABLE XVI. CIRCUMFERENCES AND SURFACE DIMENSIONS

PERCENTILE VALUES IN CENTIMETER
ft PERCENTILE 95th PERCENTILE

GROUND GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

CIRCUMFERENCES
40 NECK CIRCUMFERENCE 34.2 34.6 20.9 41.0 416 36.7
41 CHEST CIRCUMFERENCE* 13.8 37.5 78A 105.* 106 100.2
42 WAIST CIRCUMFERENCE 6S4 73.5 50.5 9.0 101.7 33.5
43 HIP CIRCUMFERENCE 5.1 87.1 85.5 106.3 106.4 106.1
44 HIP CIRCUMFERENCE, 97.0 37.7 119.3 110.8

SITTING
45 VERTICAL TRUNK CIRCUM. 150.6 156.3 142.2 178.6 Isio 165.3

FERONC1, STANDING
4 VERTICAL TflUNK CIRCUM- 160.4 134.8 175.0 161.0

FERENCE. SITTING
47 ARM SCYE CIRCUMFERENCE 39.6 33.9 33.8 50.3 53.0 41.7
48 INC2li6 CIRCUMFERENCE. 27.0 27.8 23.2 37.0 36.3 30.8

FLEXED
46 E8.3OW CIRCUMFERENCE, 23.5 23.5 34.2 30.0

FLEXED
50 FOREARM CIRCUMFERENCE. 26,1 26.3 22.2 33.1 33.1 27.5

FLEXED
51 WRIST CIRCUMFERENCE 16.7 15.3 13.6 Io 19.2 16.2
52 UPPER THIGH CIRCUM- 46.1 40.8 48,7 63.9 a"L 64.5

FERENCE
53 CALF CIRCUMFERENCE 31.6 33.3 30.6 41.2 41.3 39.2
64 ANKLE CIRCUMFERENCE 19.3 20.0 18.7 25.2 24.8 23.3
56 WAIST BACK LENGTH 312 42.4 36.7 50 50.9 45.4
55 WAI81 FRONT LENGTH 38.1 36.7 30 44.2 44.2 414

PERCENTILE VALUES IN INCHES
CIRCUMP6RENCES .-.-

40 NECK CIRCUMFERENCE 133 13.6 11 16.1 10,4 14.4
41 CHEST CIRCUMFERENCES 33.0 34.4 30A 41.7 43.3 30.9
42 WAIST CIRCUMFERENCE 26.* 3* 23.4 3.4 40.0 32.0
43 HIP CIRCUMFERENCE 33.5 34.3 23.7 42.1 42.7 41 .
44 HiP CIRCUMLFERENCE, 32 31.1 47.0 43.6

SITTING
48 VERTICAL TRUNK CIRCUM. 6.3 "1 6.0 0.3 71.6 l.5

FIRENCE. STANDING
40 VERTICAL TRUNK CIRCUMI 682 631 S 0 63A

FERENCE, SITTING
47 ARM SOYE CIRCUMFERENCI 1.' 15.7 132 11.3 20,9 10.4
48 ICIEPS CIRCUMPERENCE, 108 11.0 0.1 144 14.5 12.1

FLEXED
49 ELiOW CIRCUMFERENCE. 11.2 0i2 13.5 11.*

FLEXED
50 FOREARM CIRCUMFERENCE. 10.3 10.4 .7 13.0 12,0 10*

FLEXED
51 WRIST CIRCUMFERENCE 6.2 6.0 I.4 7.3 7. #.4
6a UPER THIGH CIRCtM- 16. 10.5 1.12 25.1 25.3 25.4

FERENCE
63 CALF CIRCUMFERENCE 12.4 13.1 12,0 16.2 16.3 ISA
64 ANKLE CIRCUMFERENCE 7.6 7.3 7.A 939 .7 0,2
5 WAIST MACK LENGTH 16.4 16.7 14.4 20.0 200 173
56 WAIST FRONT LENGTH 14.2 14.1 12.0 12.2 174 16.3

UIT CIRCUMPERINCE FOR WOMEN
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FIGURE 27. HAND AND FOOT DIMENSIONS
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TASLE XVII. HAND AND FOOT DIMENSIONS

PERCENTILE VALUES IN CENTIMETERS
5th PERCENTILE 95th PERCENTILE

GROUND GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

HAND DIMENSIONS
57 HAND LENGTH 17A 17.7 1.1 20.7 20.7 20.0
58 PALM LENGTH 9 10.0 9.0 117 11.0 10.9
NS HAND BREADTH 8.1 6.2 6.3 9.7 9.7 6.5
00 HAND CIRCUMFERENCE 19.5 19.6 16.6 23.6 23.1 19.9
61 HAND THICKNESS 2.4 3.5
FOOT DIMENSIONS
62 FOOT LENGTH 24.5 24.4 222 290 290 2L5
63 INSTEP LENGTH 17.7 17. 16.3 21.7 21.4 19.6
64FOOTBREADTH $0 9.0 8.0 10.9 11.6 9A
66 FOOT CIRCUMFERENCE 22 22.6 20,8 27.4 27.0 24.5
O HEEL-ANKLE

CIRCUMFERENCE 31.3 30.7 28.5 370 38.3 33.3
- -

PERCENTILE VALUES IN iNCHES

HAND DIMENSIONS
67 HAND LENGTH #A am L32 .13 1.14 ?A$
56 PALM LENGTH 3.77 3.02 3.6 4.61 4A 424
U HAND MIEADTH 320 3.22 L72 ,33 3A8 3.33
40 HAND CIRCUMFERENCE 7.8 7.71 62 626 3.11 7.2
51 HAND THICKNESS 0 1.37
FOOT DIMENSIONS

02 FOOT LENGTH $AS 9.62 .74 1141 11.42 10.42
3 INSTEP LENGTH ow am 6.41 L64 .42 7.70

64 FOOT EREADTH 363 364 3.16 429 4* 3.4
06 FOOT CIRCUMFERENCE am 81 8.17 10.70 10.62 9.65
SHIEEL-ANGLE

CIRCUMFERENCE 12.32 1206 11.2 14.57 14.30 13.11
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TABLE XVlII. HEAD AND FACE DIMENSONS

PERCENTILE VALUES IN CENTIMETERS
ft PERCENTILE 96th PERCENTILE

GROUND GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

HEAD AND FACE DIMENSIONS

67 HEAD CIRCUMFERENCE 53.2 63. 2. 68.8 6. 57.7
68 BITRAGIONCORONAL

CURVATURE 312 3&4 313 35.1 37.8 X3
00 BITRAGIONMENTON

CURVATURE 29.0 30.1 7.3 33.1 X7 31.
70 BITRA3ION-

SUBMANDIBULAR
CURVATURE 26.7 2&4 24.6 30.7 33.6 28.9

71 HEAD LENGTH 18.2 1t6 17.3 20.7 21.0 19.
72 PRONASALE TO WALL 2.8 21.4 10.7 &6 24.1 23.2
73 TRAGION TO WALL U 9 U 126 12.1 11.4
71 HEAD DIAGONAL

(MENTONOCCIPUT) '4.4 20.9
76 HEAD BREADTH 142 14.4 13.5 16s 165 15.6
76 9ITRAGION BREADTH 125 1&1 12.1 145 18.2 133
77 BIAURICULAR BREADTH 1" 17.6 14.2 19A 20.2 17.4
78 HEAD HEIGHT (TRAO..TOP

OF H"Aol Its 12.0 11.5 14ts 14.4 14.3
79 GiLAIELLA TO TOP

OF HEA U 72 7.1 $A 10.5 *A
00 PRONASALE TO TOP

OF HA 11 13. 11.9 16.1 t 1"
81 FACE LENGTH

(MENTON14ELLION) 10A 10.2 6 1.1 13.0 11A
82 PACE (mZYGOMATIC)

BREADTH 12A 124 11.9 14. 15.1 14.0
83 BIOCULAR BREADTH U L4 U 102 10.1 10.5
94 INTEAPUPILLARY BEADTH 1 63 5.1 U 7.0
S INYROCULAR BREADTH 2.7 2.7 34 3.7

g UPTo UP LENGTH 1.1 2.3
67 UP-LENGTH (MOUT

SBREADTH) 4.6 3.7 6.9 6.1
M EAR LENGTH as U 4.5 . 7.3 6.0
40 EAR LENGTH ASOVE

TRAGION 2. 3.4
0 EAR OREADTh " :. 2.4 5L0 4.3 3S

91 EAR PnOTRUIO 6
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D4

TABLE XVlII. HEAD AND FACEDIME4SIONS (CONCLUDED)

PERCENTILE VALUES IN INCHES

5th PERCENTILE 9th PERCENTILE

GROUND GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

HEAD AND FACE DIMENSIONS

67 HEAD CIRCUMFERENCE 20J4 21.18 20.57 23.16 23.59 22.73
68 BITRAGION-CORONAL

CURVATURE 12.5 13.14 12.31 142 14.90 14.29
69 BITRAGION-MENTON

CURVATURE 11.42 11.86 10.74 13.03 13.66 12.46
70 BITRAGION-

SUBMANDIBULAR
CURVATURE 10.51 11.18 9.63 12.09 13.23 11.37

71 HEAD LENGTH 7.19 7.32 6.80 8.14 8.27 7.80
72 PRONASALE TO WALL 8.18 8.42 7.88 9.27 9.50 9.15
73 TRAGION TO WALL 3.33 .62 3.47 4.96 4.77 4.04
74 HEAD DIAGONAL

(MENTON-OCCIPUT) 9.60 10.59
75 HEAD BREADTH 5.59 5.67 5.33 640 6. 0.12
76 BITRAGION BREADTH 4.92 5.17 4.76 5.71 5.98 5.45
77 BIAURICULAR BREADTH 6.50 6.89 5.81 7.64 7.95 6.84
78 HEAD HEIGHT (TRAG.-TOP

OF HEAD) 4.69 4.74 4.56 5.72 5.89 5.02
79 GLABELLA TO TOP

OF HEAD 2M 2.81 2.79 3.70 4.30 3J8
90 PRONASALE TO TOP

OF HEAD 4M57 L12 4.70 594 6.54 8.61
81 FACE LENGTH

(MSNTON4ELLION) 4.17 4.04 .79 5.17 5.13 4.83
82 FACE (BIZYGOMATIC)

BREADTH 5.04 4.87 4.6 5.88 5.94 53
83 BIOCULAR BREADTH 3.86 3.31 3.47 4.29 3.99 4.14
84 INTERPUPILLARY BREADTH 2.01 2.10 2.00 2.87 2.75 2.57
85 INTEROCULAR BREADTH 1.08 1.05 1.50 1.45
86 LIP TO LIP LENGTH 0.41 0.92
87 LIP LENGTH (MOUTH

BREADTH) 1.76 1.48 2.30 2.01
88 EAR LENGTH 2.17 2.31 1.77 2.72 2J8 2.34
89 EAR LENGTH ABOVE

TRAGION 0.97 1.36
90 EAR BREADTH 1.S0 1.19 0.95 1.97 1.70 1.38
91 EAR PROTRUSION 0.05 1.09

-4-
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more detailed anthropometric data; definitive or more specific data should be
obtained from the service agency responsible for anthropometry.

5.6.3 Use of data.

5.6.3.1 Data limitations. Because the anthropometric data presented here
represent nude body measurements, suitable allowances shall be made for light
or heavy clothing, flying suits, helmets, boots, body armor, load-carrying
equipment, protective equipment, and other worn or carried items, when
utilizing these data for design criteria.

5.6.3.2 Clearance dimensions. Clearance dimensions (e.g., for passageways
and accesses), which must accommodate or allow passage of the body or parts of
the body, shall be based upon the 95th percentile values for applicable body
dimensions.

5.6.3.3 Limiting dimensions. Limiting dimensions (reaching distance,
control movement, displays, test points, handrails, etc.) which restrict or
are limited by extensions of the body shall be based upon the 5th percentile
values for applicable body dimensions.

5.6.3.4 Adjustable dimensions. Seats, restraint systems, safety harnesses,
belts, controls or any equipment that must be adjusted for the comfort or. performance of the individual user shall be adjustable over the range of the
5th to 95th percentile values for the applicable body member(s).

5.6.3.5 Clothing and personal equipment. Clothing and personal equipment
(including protective or specialized equipment worn or carried by the
individual) shall be designed and sized to accomodate at least the 5th
through the 95th percentile values of body dimensions. Pertinent dimensions
of essential or critical equipment (e.g., aviators' helmets) shall be based
on the Ist and 99th percentile values. Where two or more dimensions are used
simultaneously as design parameters, appropriate multivariate data and
techniques shall be utilized. (See appendix for representative references.)

5.6.4 pecia!l oulations. Where equipment will be used, inclusively or
exclusively,by-selected or specialized segments of the military population
(e.g., Army tank crews, Navy divers, etc.) or population ranges other than the
5 -.95th percentiles (e.g., disproportionate anthropometric accommodation test
cases), appropriate available anthropometric data on these specialized
populations, contained in DOD-HDBK-743, shall be utilized for design and
sizing criteria. Where equipment is intended for use by foreign military
personnel, appropriate anthropometric data on such populations shall be
utilized for design and sizing criteria. (See appendix for representative
references.)
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5.7 Workspace design.

5.7.1 General. Unless otherwise noted, the following criteria apply to
ground installations and, as practical, to airborne and shipboard
installations.

5.7.1.1 Kick space. All cabinets, consoles, and work surfaces that require
an operator to stand or sit close to their front surfaces shall contain a kick
space at the base at least 100 mm (4 inches) deep and 100 mm (4 inches) high
to allow for protective or specialized apparel.

5.7.1.2 Handles. Handles on cabinets and consoles shall be recessed
whenever practicable, to eliminate projections on the surface. If handles
cannot be recessed, they shall be designed such that they shall neither injure
personnel nor entangle clothing or equipment.

5.7.1.3 Work space. Whenever feasible, free floor space of at least
1.220 m (4 feet) shall be provided in front of each console. For equipment
racks that require maintenance, free floor space shall be provided in
accordance with the following criteria.

5.7.1.3.1 Depth of work area. Clearance from the front of the rack to the
nearest facing surface or obstacle shall not be less than 1.070 m (42 inches).. The minimum space between rows of cabinets shall be 200 mm (8 inches) greater
than the depth of the deepest drawer (equipment).

5.7.1.3.2 Lateral work space. The minimum lateral workspace for racks
having drawers-or removable equipment shall be as follows (measured from the
drawers or equipment in the extended position):

a. For racks having drawers or removable items weighing less than 20 kg
(44 pounds): 460 mm (18 inches) on one side and 100 mm (4 inches) on the
other.

b. For racks having drawers or removable items weighing over 20 kg (44
pounds): 460 mm (18 inches) on each side.

5.7.1.3.3 Space between rows of cabinets. The minimum space between rows
of cabinets shall be 200 mm (8 inches) greater than the depth of the deepest
drawer or cabinet.

5.7.1.3.4 Storage space. Adequate and suitable space shall be provided on
consoles or immediate wok space for the storage of manuals, worksheets, and
other materials that are required for use by the operational or maintenance
personnel.

5.7.2 Standing operations

5.7.2.1 Work surface. Unless otherwise specified, work surfaces to support
job instruction manuals, worksheets, etc., shall be 915 +15 mm (36 +0.6 inches)
above the floor.
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5.7.2.2 Display placement, normal. Visual displays mounted on vertical
panels and used in normal equipment operation shall be placed between 1.040 m
(41 inches) and 1.780 m (70 inches) above the standing surface.

5.7.2.3 Display placement, special. Displays requiring precise and
frequent reading shall be placed between 1.270 m (50 inches) and 1.650 m
(65 inches) above the standing surface.

5.7.2.4 Control placement, normal. All controls mounted on a vertical
surface and used in normal equipment operation shall be located between 860 mm
and 1.780 m (34 and 70 inches) above the standing surface.

5.7.2.5 Control placement, special. Controls requiring precise or frequent
operation and emergency controls shall be mounted between 860 m and 1.350 m
(34 and 53 inches) above the standing surface and no farther than 530 mm (21
inches) laterally from the centerline.

m 5.7.3 Seated operations.

5.7.3.1 Work surface width and depth. A lateral workspace of at least
760 mm (30 inches) wide and 400 mm (16 inches) deep shall be provided whenever
practicable.

5.7,3.2 Work surface height. Desk tops and writing tables shall be 740 to
790 mm (29 to 31 inches) 'above the floor, unless otherwise specified.

5.7.3.3 Writing surfaces. Where a writing surface is required on equipment
consoles, it shall beatleast 400 mm (16 inches) deep and should be 610 mm
(24 inches) wide, when consistent with operator reach requirements.

5.7.3.4 Seating.

5.7.3.4.1 Compattblltyj. Work seating shall provide an adequate supporting
framework fort7he body relative to the activities that must be carried out.
Chairs to be used with sit-down consoles shall be designed to be operationally
compatible with the console configuration.

5.7.3.4.2 Vertical adjustment. Provision shall be made for vertical seat
adjustment from 380 to 535 mm (15 to 21 inches) in increments of no more than
25 mm (I inch) each.

5.7.3.4.3 Backrest. A supporting backrest that reclines between 1745 and
2005 mrad (Io iTS degrees) shall be provided. The backrest shall engage
the lumbar and thoracic regions of the back, and shall support the torso in
such a position that the operator's eyes can be brought to the *Eye Line* with
no more than 75 mm (3 inches) of forward body movement.

5.7.3.4.4 Cushioning. Where applicable, both the backrest and seat shall
be cushioned ith at least 25 mm (1 inch) of compressible material and
provided with a smooth surface.
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5.7.3.4.5 Armrests. Unless otherwise specified, armrests shall be
provided. Arrests that are integral with operators' chairs shall be at least
50 mm (2 inches) wide and 200 mm (8 inches) long. Modified or retractable
armrests shall be provided when necessary to maintain compatibility with an
associated console and shall be adjustable from 190 to 280 mm (7.5 to
11 inches) above the compressed sitting surface.

5.7.3.5 Knee room. Knee and foot room that equals or exceeds the following
minimum dimensions shall be provided beneath work surfaces:

a. Height: 640 mm (25 inches). If a fixed footrest or a foot-operated

control is provided, this dimension shall be increased accordingly.

b. Width: 510 mm (20 inches)

c, Depth: 460 mm (18 inches)

5.7.3.6 Display placement, normal. Visual displays mounted on vertical
panels and used in normal equipment operation shall be placed in an area
between 150 and 1170 mm (6 and 46 inches) above the sitting surface.

5.7.3.7 Display placement, special. Indicators that must be read precisely
and frequently shall be placed in an area between 360 and 890 mm (14 and.35 inches) above the sitting surface, and no further than 530 mm (21 inches)
laterally from the centerline.

5.7.3.8 Warning displys. For "sit" consoles requiring horizontal visidn
over the top, critical Visual warning displays shall be mounted at least
570 mm (22.5 inches) above the sitting surface.

5.7.3.9 Control placement+ normal. All controls mounted on a vertical
surface and Use in notal equipment operation shall be located between 200
and 860 mm (8 and 34 inches) above the sitting surface.

5.7.3.10 Control placement, special, Controls requiring precise or
frequent operation shall be mounted between 200 and 740 m (8 and 29 inches)
above the sitting surface.

5.7.4 Comon working positions. Anthropometric data for the design and
sizing of- spaces involving standing, sitting, stooping, kneeling and
supine positions are presented in Table XIX and illustrated in Figure 20.M
Fifth and 95th percentile values for men and women are given for varioms body
dimensions in both centimeters and inches. (The data are based on
measurements of 300 Army women and 106 Amy men in 1977; therefore,
differences in several measurements common to Table XIX and tables of para 5.6
should be resolved in favor of the latter tables. Information on othcr
"Anthropometry of Common Working Positions" may be found in the reference so
titled in the Appendix.) Suitable allowances should be made for heavy clothing
or protective equipment when required. In no case shall clearance dimensions. be less than the 95th percentile values for men or limiting dimensions be more
than the 5th percentile values for women, shown in Table XIX.
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TABLE XIX. ANTHROPOMETRIC DATA FOR COMMON WORKING POSITIONS

PERCENTILE VALUES IN CENTIMETERS
5th PERCENTILE 95th PERCENTILE

MEN WOMEN MEN WOMEN

S1. WEIGHT - CLOTHED (KILOGRAMS) 5&6 488 902 74.6
2. STATURE - CLOTHED 16.5 16.8 189.0 178.7
3. FUNCTIONAL REACH 72.6 64.0 6.4 79.0
4. FUNCTIONAL REACH, EXTENDED 84.2 73.5 101.2 92.7
5. OVERHEAD REACH HEIGHT 2OA 186.3 230.5 215.1
6. OVERHEAD REACH BREADTH 352 31.S 41.9 37.9
7. BENT TORSO HEIGHT 126.6 112.7 148. 13.8
8. BENT TORSO BREADTH 40. 364I 48.3 43.5
.9. OVERHEAD REACH, SITTING 127S9 117.4 146.9 130A

10. FUNCTIONAL LEG LENGTH 110.0 MI.6 127.7 118.6
11. KNEELING HEIGHT I1.9 114.5 136.9 130.3
12. KNEELING LEG LENGTH 63.9 59.2 75.5 70.5
13. BENT KNEE HEIGHT, SUPINE 44.7 41.3 63.5 48.6
14. HORIZONTAL LENGTH, KNEES BENT 150.8 1403 173. 1638

PERCENTILE VALUES IN INCHES
1. WEIGHT -CLOTHED (POUNDS) 129.1 107.6 196.0 164.5
2. STATURE - CLOTHED N6.A 61* 74.4 70.3
3. FUNCTIONAL REACH 20A6 25.2 34.0 31.1
4. FUNCTIONAL REACH. EXTENDED 332 28* 39. 36.6
L OVERHEAD REACH HEIGHT 76 730 90.3 64.7
6. OVERHEAD REACH BREADTH 13.0 12.4 16. 14*
7. UNT TORIO HEIGHT 46.4 44A 69.0 64.
B. UENT TORSO BREADTH 16.1 14.6 19.0 17.1
9. OVERHEAD REACH, SITTING se.3 462 1673 54.9

10, FUNCTIONAL LEG LENGTH 43.5 36.2 50.3 4.7
11. KNEELING HEIGHT 48.0 48.1 53.9 5113
12. KNEELING LEG LENGTH 282 233 21.) 27.8
13. BENT KNEE HEIGHT 8UPIJE 17.6 163 21.1 19.5
14. HORIZONTAL LENGTH, KNEES BENT 59,4 W5.2 68.1 64.5

Olm Flpeu 25 for lowuniko of *a* nesuao.ant.
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(I !

WRIGHT (CLOTHED) 0 STATURE (CLOTHED)
WEARING PATIGS & STANDING ERECT. HEWLS
COMBAT BOOTS; STANDING TOGETHER: WEIGHT 016-
IN CENTER OF SCALE TRIBUTID EOUALLY ON BOTH

FErT. MASURED FROM STANDING
SURFACE TO TOP OF HEA.

O FUCONAL REACH- ,STANDING FUNCTIONAL REACH. EX=,,, D-,N.= LOOKING ST ,RAIH STANDING l.ft : LOOKING STRAIH
AHEAX .TH SHOULDRS AGANST ANA.o RIGHT ,NOUL9R EXT ViD
WALL' RIGHT ARM HORZONTAL AS PAR FORWARD AS POSISLE WHILIE
MEASURED FROM WALL 10 TIP OF BACK OF LEFT SHOULDER FIRMLY
IND X FNGER AAMrr AWA.L ARM ORIZWTAL.

MEASURED FROM WALL TO TIP OF
INDEX FINGER.

* FIGURE 29. ANTHROPOMETRIC OATA FOR WORKSPACES
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,

OVERHEAD REACH HEIGHT - OVERHEAD REACH IRRMDTH -
STANDING WITH HEELS 23 wm STANDING W!TH KEELS 23 m APART
APART AND TOES 15 cm FROM AND TOES 15 am FROM WALL; ARMS
WALL: ARMI EXTENDED OVER- EXTENDED OVERHEAD WITH FISTS
HEAD WITH FISTS TOUCHING TOUCHING AND AGAINST WALL lot
AND AGAINST WALL: lit PHALANGES HORIZONTAL. MEASURED
PHALANGES HORIZONTAL. HORIZONTALLY ACROSS ARMS OR
MEASURED PROM FLOOR TO SHOULDERS, WHICHEVER IS WIDER.
HIGHEST POINT ON let PHALANGES

01411 GENT TOMlS IIZD-
0 SN a ESTANDING WIT" FEET 30 m APART:
STANDING WITH FEET 30 em APART; SENDING OVER AND PLACING THE PALMS
SENDING OVER AND PLACING PALM OF OF THE NANDS ON KNEECAPS;- ELSOM
THE MAP01 ON KNIECAPS; !Uf.NWS AND AND KNEES LOCKED: LOOKING FORWARD:
KZNE8 LOCKED: LOOKING FORWARD: HEAD TILTED AS PAR SACK AS POWELL
HEAD TILTED AS PAR BACK AS POSSIBLE. MEASURED AS MAXIMUM HORIZONTAL
M1EASURED PROM FLOOR TO TOP OF HEAD. DITANC ACROS SOUMERL

FIGURE 29. ANTHROPOMETRIC DATA FOR WORKSPACES (CONTINUED)
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OVERHEAD REACH, SITTING -FUNCTIONAL LEG LENGTH -® SITTING ERECT; RIQHTIDE AGAINST SITTING ERECT ON EDGE OF CHAIR;
WALL., RIGHT ARM EXTENDED UPWARD RIGHT LEG EXTENDED FORWARD
WITH PAWM FLAT AGAINST WALL AND WITH KNEE STRAIGHTENED.
FINGERS EXTENDEDI. ASURED FROM MMAURED FROM HEEL ALONG
SITTING SURFACE TO TIP OF OMDLE AXIS OF LEG TO POSTERIOR
FINGER. WAIST.

KNEUNG HNGIIT- Q.2) KEUNG LEG LaNma"

LIGHTLY TOUCHING REAM WALL: TORSO AND LIGHTLY TOUCHING REAR
ERECT WITH ARMS HANGING LOOSEY WALL.- TOMS IREC WITH ARM
AT SIDES. MEASURED PROM FLOWR TO HAMOING LOOSELY AT SIM6.
TOP OF HEAD. MEASURED FROM WALL TO

ANTERIOR PORTION OF BOTH

FIGURE7 29. ANTHROPoaEIerC DAtA FOB WOAI$PACES (CONT1INUED)
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lI

@ SENT KNEE HEIGHT, SUPINE -
LYING SUPINE: KNEES RAISED UNTIL ANGLE
•IWEEN UPPER AND LOWER LEGS APPROX-
IlMATES U; TOES LIGHTLY TOUCHING WALL
MEASURED FROM FLOOR TO HIGHEST POINT
ON KNEES.

@ HORIZONTAL LENGTH, KNEES ENT -
LYING SUPINE: KNEES RAISKIU UNhIL
ANGLE hEWEN UPPER AND LOWER LEGS
APPROXIMATES WO; TOEII UGHTLY
TOUCHING WALL. MEASURED FROM WALL
TO ToP OF HEAD.

FIGURE 29. ANTHROPOMETRIC DATA FOR WORKPACES (CONCLUDED)
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5.7.5 Standard console design.

5.7.5.1 Dimensions. For purposes of standardization, consoles and the units
and racks which constitute operator work stations should be designed to
conform with the dimensions shown in Table XX and Figure 30.

5.7.5.2 Configurations. The configurations represented in Table XX and
Figure 30 may not be applicable to all design situations. In some cases,
however, operational requirements may necessitate unique design solutions.
Because of the benefits and economies inherent in a standard console, design
should conform with the standard configurations.

5.7.5.3 Variables. The selected console design should accommodate the
following requirements, as applicable:

a. Visibility over the top of the console.

b. Operator mowbility (e.g., "sit", "stand", or "sit-stand" requirements).

c. Panel space. (Note columns "B" and "E", Table XX)

d. Volume in the area below the writing surface.

5.7.5.4 Console selection. On the basis of the considerations in 5.7.5.3,
* the particular configuration that will best meet the requirements should be

selected from among the five console types represented in Table XX.

5.7.6 Special-purpose console d es.E .

5.7.6.1 Horizntal wra-around. (Figure 31)

5.7.6.1.1 Panel width. When requirements for preferred panel space for a
single seated operator gxceed a panel width of 1.120 m (44 inches),
a flat-surface, segmented, wrap-around console should be provided, so as to
place all controls wlthit the reach of the 5th percentile stationary operator.

6.7.6.1.2 Panel angle. The left and right segments should be placed at an
angle, measured from 'the frontal plane of the central segment, such that they
can be reached by the 5th percentile stationary operator.

5.7.6.1.3 Dimensions (vision over top)., Where vision over the top is
,required (theeby limiting vertical panel space), the width of the central
segment shall not exceed 1.12C m (44 inches), and that of the left and right
segments shall not exceed 610mm (24 inches).

5.7.6.1.4 Dimensions. Where vision over the top is not required, i.e., the
total console height" my exceed the seat height by more than 685 mm
(27 inches), the width of the central segment shall not e-ceed 860.
(34 inches), and that of the left and right segments should not exceed 610 mm. (24 inches).
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5,7.6.1.5 Vi!ewing angle. The total required left-to-right viewing angle
shall not exceed190 degrees (see Figure 2). This angle should be reduced
whenever possible through appropriate control-display layout.

5.7.6.2 Vertical/stacked segments. (See Figure 32 for example.)

5.7.6.2.1 Panel division. Where direct forward vision over the top of the
console is not required by a seated operator, and when lateral space is
limited, the panel shall be divided into three vertical/stacked segments whose
surfaces should be perpendicular to the operator's line of sight with little
or no head movement.

5.7.6.2.2 Height. The center of the central segment should be 800 mm
(31.5 inches) a ove the seat reference point. The height of this segment
shall not exceed 530 mm (21 inches).

5.7.6.3 Sit-stand consoles. Where personnel will work from standing or

seated positions, console dimensions should conform to those of Table XX.

5.7.7 Stairs, stair-ladders, fixed ladders, and ramps.

5.7.7.1 General criteria.

5.7.7.1.1 Selection. The selection of stairs, stair-ladders, fixed
ladders, or ramps for specific applications shall be based on the angle of
ascent required and the criteria in Figure 33.

5.7.7.1.2 Provision for hand-carrying equipment. Ramps, elevators, or
equivalent means should be provided when equipment must be hand carried.
Ladders shall not be selected in such cases, since both hands shvuld be free
to grasp the ladder. Stairs and steps should not be used where hand-carrying
bulky loads or loads in excess of 13 kg (29 lbs) is required.

5.7.7.1.3 Handrails and guardrails. Stairs, stair-ladders, fixed ladders,
and ramps shou be equipped'with a handrail on each side. Where one or both
sides are open, appropriate intermediate guardrails shall be provided to
prevent personnel injury. Non-fixed vehicular-boarding ladders are neither
stair ladders nor fixed ladders and are exempt from this requirement.
Ladders shall not be selected in such cases, since both hands should be free
to grasp the ladder. Stairs and steps should not be used where hand-carrying
bulky loads or loads in excess of 13 kg (29 lbs) is required.

5.7.7.2 Stairs. Stair dimensions should conform with the recommended
values and 'siT be within the minimum and maximum limits of Figure 34.

5.7.7.3 Stair ladders. Stair ladder dimensions should conform with the
recommended values and shall be within the specified minimum and maximum
limits of Figure 35. The tread rise shall be open at the rear. Landings.
should be provided every tenth or twelfth tread. The surface of treads on
exterior stair ladders should be constructed of open grating material or
should be treated with nonskid material conforming with specification
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FIGURE 31. EXAMPLE OF HORIZONTAL WRAP-AROUND CONSOLE

FIGURE 32. EXAMPLE OF VERTICAL/STACKED SEGMENTS
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MIL-W-5044 applied in accordance with specification MIL-W-5050. Stair ladders
shall be of metal construction. Handrails shall have nonslip surfaces.

5.7.7.4 Fixed ladders. Fixed ladder dimensions should conform with the
recommended values and shall be within the specified minimum and maximum
limits of Figure 36. Fixed ladders which are used to provide access to
multiple levels should be offset at each successive level. Guardrails should
be provided around the opening at the top of each fixed ladder. All fixed
ladders more than 6 m (20 ft) high shall be equipped with, or include
provision for, a safety device to provide positive protection from falls.

5.7.7.5 Ramps.

5.7.7.5.1 Cleating. Where special environmental conditions require
cleating of piesfrian ramps, the cleats should be spaced 360 mm (14 in) apart
and extend from handrail to handrail at right angles to the line of traffic.

5.7.7.5.2 Mixed traffic. When a ramp is required for both pedestrian and
vehicle traffic, theveicle bearing surface should be located in the center
of the ramp, with the pedestrian surface next to the handrails. (A vehicle
ramp with an adjacent pedestrian stairway is preferred for this situation.)

5.7.7.6 Personnel platforms and work areas. The surfaces of exterior
personnel platforms and work areas shall be constructed of open metal grating.. Exterior personnel platforms, for which utilization of open grating is
impractical, and interior walkways shall be treated with nonskid material
conforming to specification MIL-W-5044, applied in accordance with
specification MIL-W-5050. All open sides of personnel platforms shall be
equipped with guardrails (with intermediate rails), with a top rail height not
less than 1,070 m (42 inches) and a toeboard or guard screen height not less
than 75 mm (3 inches). Hand holds shall be furnished where needed. The
distance between the platform edge and the centerline of the railing should
not exceed 65 mm (2.5 inches).

5.7.7.7 Elevators, itnclinators, and hydraulic-operated work platforms.

Where these items are required, the following shall be provided:

a. Maximum load signs, located where they can be easily seen.

b. Guards, to prevent accidental operation of the lift.

c. Limit stops, to prevent injury to personnel and damage to equipment.

d. An automatic failsafe brake or other self-locking device in case of
lift mechanism failure.

e. Provision for manu.Aly lowering the platform or elevator when
feasible.

f. Surface construction or treatment of open platforms, in accordance
with 5.7.7.6.
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DIMENSION MINIMUM MAXIMUM RECOMMENDED
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5.7.8 Ingress and 
egress. MIL-STD-1472D

5.7.8.1 Doors. Sliding doors shall never be installed as the only
personnel exitfrom a compartment. When a sliding door is used, a separate
hinged door in the sliding door should be provided for personnel use. Fixed
equipment shall be at least 75 mm (3 inches) from the swept area of hinged
doors.

5.7.8.2 Hatches.

5.7.8.2.1 Configuration. Wall hatches shall be flush with the floor where
structural consderations will permit this arrangement. Hatches shall open
with a single motion of the hand or foot.

5.7.8.2.2 Force requirements. When a handle is 4sed for unlocking a hatch,
the unlocking force required s all not exceed 90 N (20 pounds). Hatches
placed in the overhead position shall require no more than 220 N (50 lb) force
for opening and closing and shall be operable by a suitably equipped and
clothed user with 5th percentile arm and hand strength. The force of gravity
should be used, where possible, for ease of opening. Additional requirements
for hatch handwheels are given in 5.4.2.2.5 and Table IX.

5.7.8.2.3 Dimensions. Hatches shall accommodate suitably equipped and
clothed user personnel in terms of limiting dimensions (see 5.6.3.3) forO location and operability, and clearance dimensions (see 5.6.3.2) for size and
passage factors. Where personnel must carry equipment through the hatch,
allowance shall be made for clearance of suitably clothed 95th percentile
hands and/or arms, as applicable. Where possible, hatch dimensions shall
conform to the requirements of 5.7.8.3.

5.7.8.3 Whole-body access. Dimensions for rectangular access openings for
body passage saI not be less than those dimensions shown in Figure 37.
Minimum diameter for circular hatches shall be 760 mm (30 in). Diameters of
oval hatches in armored vehicles shall not be less than 430 and 710 mm (17 and
28 inches). Where rescue of personnel may be required because of
environmental hazards (e.g., toxic fumes) within the work place, larger access
openings for two-person ingress and egress may be necessary. Where 'step
down" through a top access exceeds 690 mm (27 in), appropriate foot rests or
steps shall be provided.

5.7.9 Surface colors

5.7.9.1 Army. Surface colors shall conform to MIL-STD-1473 unless
specified bythe procuring activity.

5.7.9.2 Navy. Surface colors shall be as specified by the procuring
activity.

5.7.9.3 Air Force. Surface colors shall be selected from FED-STD-695 as
follows:

163



MI L-STD-1472D

TOP AND BOTTOMACCESS

SIDE

ACCESS

it D, IJ

, I'I

ii I

DIMENSIONS A, 0EPT B. WIDTH

CLOTHING LIGHT j ULKY LIGHT SULKY
TOP AND OTTOM .ACCES 30 Owrn (131n.) 410 mo (14 in.) 680mm (M3 In.) 690 mm 61 'iw.)

SIDE ACCESS I m m f . 740mm (29 I.) 7in m) (30 Ifinm (34 in.)

NOTE: DMENSIONS SHOWN SASD ON MALE DATA.

FIGURE 37. WHOLE BODY ACCESS OPENING

164



MI L-STD-1472D

a. Console, rack and cabinet exteriors 24300 Green

b. Panels 26492 Gray

c. Non-critical functional grouping pads 26622 Gray

d. Emergency/critical grouping pads 21136 Red

e. Interior walls, and ceilings 27875 White

f. Interiors of uninhabited compartments 26622 Gray
where maintenance is performed

g. Standard commercial equipment (if, Existing Color
however, such equipment becomes an
integral part of an assembly, the color
must be identical to or compatible with
that of the assembly)

h. Anodized or conductive surface Not Painted

i. Lettering colors:

Background Color Lettering Color

0 24300 Green 17875 Whlte

26492 Gray 17038 Black

27875 White 17038 Black

26231 Gray 17875 White

21136 Red 17875 White

Anodized or non-painted 17038 Black or
17875 White.
whichever provides
the best contrast

Commercial equipment Contrasting Color

0
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5.8 Environment.

5.8.1 Heating, ventilating, and air conditioning.

5.8.1.1 Heatin. Heating shall be provided within mobile personnel
enclosures tTized for detail work or occupied during extended periods of
time to maintain interior dry bulb temperature above 10*C (500F). Within
permanent and semi-permanent facilities, provisions shall he made to maintain
an effective temperature (E.T.) or corrected effective temperature (C.E.T.)
not less than 18C (650F) (see Figure 38), unless dictated otherwise by
workload or extremely heavy clothing. (See 5.12.6.1 for vehicle heating
provisions.) Heating systems shall be designed such that hot air discharge is
not directed on personnel.

5.8.1.2 Ventilating. Adequate ventilation shall be assured by introducIng
fresh air into any pers~nnel enclosure. If the enclosure volume is 4.25 m
(150 ft3) or less per person, a minimum of 0.85 m3 (30 ft3) of ventilation air
per minute shall be introduced into the enclosure; approximately two-thirds
should be outdoor air. For larger enclosures, the air supply per person may
be in accordance with the curves in Figure 39. Air shall be moved past
personnel at a velocity not more than 60 m (200 ft) per minute. Where manuals
or loose papers are used, airspeed past these items shall be not more than
30 m (100 ft) per mlnute--20 m (55 ft) per minute if possible, to preclude
pages in manuals from being turned by the air or papers from being blown off
work surfaces. Under NBC conditions, ventilation requirmets shall be
modified as required. Ventilation or other protective measures shall be
provided to keep gases, vapors, dust, and fumes within the Permissible
Exposure Limits specified by 29 CFR 1910 and the limits specified in the
American Conference of Governmental Industrial Hygienists Threshold Limit
Values. Intakes for ventilation systems shali be located to minimize the
introduction of contaminated air from such sources as exhaust pipes. (See
5.12.6.2 for vehicle ventilation provisions.)

5.8.1.3 Air conditionin The effective temperature or CET within
personnel enTsiUres uitpTized for detail work during extended periods shall be
maintained at or below 29.50C (850F) (see Figure 38). Air conditioning
systems shall be designed such that cold-air discharge is not directed on
personnel.

5.8.1.4 Humidity Approximately 45% relative humidity should be provided
at 21% (70f}-thlis value should decrease with rising temperatures, but
should remain above 15 percent to prevent irritation and drying of body
tissues. e.g., eyes, skin, and respiratory tract (see Figure 40).

5.8.1.5 Temperature uniformity. The temperature of the air at floor level
and at head level should notdilffer by'more than 5.5C (10F).

5.8.1.6 Personal equipment thermal control. When special protective
clothing or personal equipment, including full and partial pressure suits,
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FIGURE 39. VENTILATION REQUIREMENTS

fuel handler suits, body armor, arctic clothing and temperature regulated
clothing are required and wrn, a comfort micro-climate between 200 C (680 F),
14 rm Hg ambient water vapor pressure and 35C (95 ), 3 imm Hg ambient water
vapor pressure is desirable and, where possible, shall be maintained by heat
transfer systems.

5.8.1.7 Thermal tolerance and comfort zones. Temperature and humidity
exposure shuTd not exceed theeffective temperature limits given in Figure 40
when corrected for air veloolty (Figure 39).

6.8.1.8 Limited thermal tolerance zones. Where hard physical work is to be
required for mre- n-i-two-hours, ain environment not exceeding a WBGT or WD
index of 259C (770F) shall be provided. Where the wearing of protective
clothing systems (which reduce evaporation of sweat from the skin) Is
required, this index shall be decreased 59C (106F) for complete chemical
protective uniforms, 4°C.(7F) for interfediate clothing systems, and.3C
(5*F) for body armor.

5.8.2 lluminance. Where equipment is to be used in enclosures and is not
subject to blactout or special low-level lighting requirements, illumination
levels shall be as specified by Table XXI and shall be distributed so *3 to
reduce glare and specular reflection. Capability for diming shall be
provided. Adequate illumination shall be provided for maintenance tasks.
General and supplementary lighting shall be used as appropriate to insure that
illumination is compatible with each task situation. Portable lights should
be provided for personnel performing visual tasks in areas where fixed

* illumination is not provided. For display lighting, see Table XXII.
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TABLE XXI. SPECIFIC TASK ILLUMINATION REQUIREMENTS

ILLUMINATION LEVELS

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM
Assembly, missile component 1075(100) 540 (50)

Assembly, general
coarse 540 (50) 325 (30)
medium 810 (75) 540 (50)
fine 1075 (100) 810(75)
precise 3230 (300) 2155 (200)

Bench work
rough 540 (SC) 325 (30)
meduim 810 (75) 540 (50)
fine 1615 (150) 1075 (100)
extra fine 3230 (300) 2155 (200)

Bomb shelters and mobile shelters. 20(2) 10(1)

when used for rest and relief

Busiess machine operation (calculator, digital, input, etc.) 1075 (100) 540 (50)

Console surface 540(50) 325(30)

Corridors 215(20) 110(10)

Circuit dlagram 1076(100) 54C (50)

Dials 540 (50) 325 (30)

Electrical equipment testing 540 (50) 325 (30)

Emergency lighting NA 30(3)

Gages 540 (50) 325 (30)

Hallways 215(20) 110(0)

*As measured at the task object or 760 mm (30 in.) above the floor.

(Continued)
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TABLE XXI. SPECIFIC TASK ILLUMINATION REQUIREMENTS
(CONTINUED)

ILLUMINATION LEVELS

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM
Inspection tasks, general

rough 540 (50) 325 (30)
medium 1075 (100) 540 (50)
fine 2155 (200) 1075 (100)
extra fine 3230 (300) 2155 (200)

Machine operation, automatic 640(50) 325(30)

Meters 540 (50) 325 (30)

Missiles:
repair and servicing 1075 (100) 540 (50)
storage areas 215 (20) 110(10)
general inspection 540 (50) 325 (30)

Office work, general 755 (70) 540 (50)

Ordinary seing tasks 540 (50) 325 (30)

Panels:
front 540 (50) 325 (30)
rear 325 (30) 110(10)

Passageways 215(20) 110 (10)

Reading:
large print 325 (30) 110 (10)
newsprint 540 (50) 325 (30)
handwritten reports, in pencil 755 (70) 540 (50)
smao type 755 (70) 540 (50)
prolonged reading 755 (70) 540 (50)

Recording 755 (70) 540 (50)

'As measured at the task ob;ct or 780 mm (30 in,) above the floor.

(Continued)
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TABLE XXI. SPECIFIC TASK ILLUMINATION REQUIREMENTS
(CONCLUDED)

ILLUMINATION LEVELS LU* (TC

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM
Repair work:

general 540 (50) 325 (30)
instrument 21S5 (200) 1075 (100)

Scales 540 (50) 325 (30)
Screw fastening 540 (50) 325 (30)

Service areas, general 215 (20) 110i(10)
Stairways 215 (20) 110 (10)

Storage:
inactive or dead 55 (5) 30 (3)
general warehouse 110 (10) 55(5)
live, rough or bulk 1100(0) 55(5)
live, medium 325 (30) 215 (20)
live, fine 540 (50) 325 (30)

Switchboards 540 (50) 325 (30)
Tanks, containers 215 (20) 110(10)

Testing;
rough 540 (50) 325 (30)
fine 1075 (100) 540 (50)
exctra fin. 2155 (200) 1075 (100)

Transcribing and tabulation 1075 (100) 540 (50)

Note: Some unusual inspection tasks May require up to 10,000 lux (1,000 ft-C)
Note: As a guide in determining Illumination requirements the use of a steel scale

with 1/64 Inch divisions requires 1950 lux (180 ft-C) of light for
optimum visibity.

'As meaisured at the task object or 760? mm (30 In.) above the floor.
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I

TABLE XXII. RECOMMENDATIONS FOR DISPLAY LIGHTING

CONDITION LIGHTING BRIGHTNESS BRIGHTNESS

OP USE TECHNIQUE * OF MARKINGS ADJUSTMENT
od/m 2 (Ft-L)

Indicator reading, Rod flowd, indirect, 0.07-0.35 Continuous hrough-
dark adaptation or both, with *per- o0u02-0.1t) eur range
necessary otor choice

Indi cater reading, Red or low-color- 0.07-3.5 Continuous through-
dark adaptation temperature white (P.02-1.0) out rngo
not necessary but flood, indirect, or
deuireale both, with operator

choice

Indicator reading, White flood 34..-70 Fixed or continuous
derk adaptation (1-201
not necessary

Panel monitoring, Red edge lighting, 0.07-3.5 Continuous through-
dark adaptation red or wlte flood, (0.03-1.0) out rgo
necessary or both. with *pe-

Panel monitoring, White flood 3,-70 Fixed or Continuous
dark adaptation (10-20) ,
net necessary

Possible exposure White flood 35-70 Fixed

to bright flohes, (10-20)
restricted daylight

Chert reading, Red or white flood -3 Continuous through
daerk adaptation with operator (01-1.0) out re
necessary choice

Chart reading, White flood 17-70 Fixed or continuous
dark eodtetien (5-30)
not neceseery

"Where detection of ground vehicle or other protect B mts by Img intensifier niglt vision devices
must be mlnimlmnd blueM light 1 u111ndumnc t filaient through a filter which pases only wave.
iengthsu shorr then 600 man) should be used In lieu of red light.
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5.8.3 Acoustical noise

5.8.3.1 General. Personnel shall be provided an acoustical environment
which will not cause personnel injury, interfere with voice or any other
communications, cause fatigue, or in any other way degrade overall system
effectiveness. The fact that a component which contributes to the overall
noise may be government furnished equipment shall not eliminate the
requirement that the total system conform to the criteria herein.

5.8.3.2 Hazardous noise. Equipment shall not generate noise in excess of
maximum allowable leves prescribed by MIL-A-8806, MIL-S-008806, MIL-STD-740-1,
MIL-STD-1294, MIL-STD-1474, Chapter 18 of OPNAVINST 5100.23B or AFR 161-35, as
applicable.

5.8.3.3 Non-hazardous noise. Workspace noise shall be reduced to levels
that permit necessary direct (person-to-person) and telephone communication
and establish an acceptable acoustical work enviromment. Criteria for
workspaces are defined by either the A-weighted sound level (dB(A)) or the
speech interference level (SIL) and are given in 5.8.3.3.1 through 5.8.3.3.6.
The A-weighted sound level is the desired requirement. Where it is not
possible to meet the specified A-weighted sound level, the corresponding SIL
requirement shall be met. Figure 41 provides guidance on the relationship
between required vocal-effort, speaker-to-listener distance and noise level.
Procedures for determining speech intelligibility are provided in 5.3.12.

5.8.3.3.1 General workseaces. Areas requiring occasional telephone use or
occasional direc communication at distances up to 1.5 m (5 ft) shall not
exceed 75 dB(A) SIL. (Examples: maintenance shops and shelters, garages,
keypunch areas, shipboard engineering areas.)

5.8.3.3.2 Operational areas. Areas requiring frequent telephone use or
occasional direct communication at distances up to 1.520 m (5 ft) shall not
exceed 65 dB(A) SIL. (Examples: operation centers, mobile command and
communication shelters, combat information centers, word processing centers.)

5.8.3.3.3 Large works aces. Areas requiring no difficulty with telephone
use or requiringoccasional direct communication at distances up to 4.570 m
(15 ft) shall not exceed 55 dB(A) SIL. (Examples: drafting rooms, shop
offices, laboratories.)

5.8.3.3.4 Small office spaces/special areas. Areas requiring no difficulty
with direct communication shall not exceed 45 dB(A) SIL. (Examples:
conference rooms, libraries, offices, command and control centers.)

5.8.3.3.5 Extreme quiet areas. Areas requiring extreme quiet shall not
exceed 35 dB(A)STL. Example: recording studios.)

5.8.3.3.6 Shipboard areas. Shipboard areas requiring a specified speech
communication environment shall not exceed 5 dB above the levels of 5.8.3.3.1. to 5.8.3.3.5, as applicable. Levels for spaces and categories not covered in
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these paragraphs shall be as given in the detailed shipbuilding specification.
(Examples: sonar control rooms, ward rooms). Equipment noise acceptance
criteria to achieve specified space levels shall conform to MIL-STD-740-1.

5.8.3.4 Facility design.

5.8.3.4.1 General provision. In the design of a workspace or facility, the
ambient noise'leVel shall be controlled to the extent feasible through
effective sound reduction or attenuation to meet the criteria herein.

5.8.3.4.2 Attenuation by materials and layout. Acoustic materials with
high sound-absorption coefficients should be provided as necessary in the
construction of floors, walls, and ceiling to effect the required sound
control. In the physical design and layout of rooms and work stations,
excessive noise should be attenuated by such means as staggered construction
of walls, staggering of doors in corridors or between rooms, and use of
thick-paned or double-paned windows.

5.8.3.4.3 Reduction of reverberation time. Where speech communication is
a consideration, the acoustical treatment of facilities should be sufficient
to reduce reverberation time, as defined by ANSI S1.1, to the applicable
limits of Figure 42.

5.8.4 Vibration.

5.8.4.1 Whole body vibration.

5.8.4.1.1 Vehicular vibration. Vehicles for use on land, sea, or air
should be desTind -to control tfe transmission of whole body vibration to
levels that will permit safe operation and maintenance as shown in Figure 43
(see ISO 2631). in the case of multidirectional vibration, each direction
should be evaluated independently with respect to the limits presented.

5.8.4.1.1.1 Sfeylevel. In order to protect human health, whole body
vibration shoul ot exceed twice the acceleration values shown on Figure 43
for the time and frequencies indicated.

5.8.4.1.1.2 Proficiency level. Where proficiency is required for
operational and ainteance tasks, whole body vibration should not exceed the
acceleration values shown on Figure 43 for the time and frequencies indicated.

b.8.4.1.163 Comfort level. Where comfort is to be maintained, the
acceleration values shown on Figure 43 should be divided by 3.15.

5.8.4.1.1.4 Motion sickness. In order to prevent motion sickness, very low
frequency vibration should not exceed the limits of Figure 44.

5.8.4.1.2 Building vibrations. Buildings intended for occupation by humans
should be designed/located to control the transmission of whole body vibration. levels that are acceptable to the occupants as specified by ISO 2631.
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5.8.4.2 Equipment vibration, Where whole body vibrations of the human
operator or parts of the body are not a factor, equipment oscillations should
not impair human performance with respect to control manipulations or the
readability of numerals or letters. Equipment vibrations in the shaded area
of the upper curve of Figure 43, should be avoided.
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5.9 Design for maintainer. 
MIL-STD-1472D

5.9.1 General.

5.9.1.1 Standardization. Standard parts shall be used whenever practicable
and should meet the human engineering criteria herein.

5.9.1.2 Special tools. Special tools shall be used only when common hand
tools cannot be utilized or when they provide significant advantage over
common hand tools. Special tools required for operational adjustment
maintenance should be securely mounted within the equipment in a readily
accessible location.

5.9.1.3 Modular replacement. Equipment should be replaceable as modular
packages ard sha be configured for removal and replacement by one person
where permitted by structural, functional, and weight limitations. (See
5.9.11.3.)

5.9.1.4 Separate adjustability. It shall be possible to check and adjust
each item, or fun cton of an item, individually.

5.9.1.5 Malfunction identification. Equipment design shall facilitate
rapid and positive Taultdetecton and isolation of defective items to permit
their prompt removal and replacevient.

5.9.1.6 Assembly and disassembly. Equipment shall be capable of being
assembled anddisass bl-ed in-its operational environment by a minimum number
of trained personnel wearing clothing appropriate to the operating environment
specified for the system maintenance concept.

5.9.1.7 Clothing constraints. Equipment shall be capable of being removed,
replaced, and repaired b- y personnel wearing personal and special purpose
clothing and equipment appropriate to the maintenance concept, including NBC
protective clothing in an NBC contaminated environment.

5.9,1.b Erroproof design. Provisions to preclude improper mounting and
installation ialT include:

a. Physical measures to preclude interchange of items of a same or

similar fot that are not in fact functionally interchangeable.

b, Physical measures to preclude improper mounting of units or components.

c. Measures (e.9., coding) to facilitate identification and interchange
of interchangeable items.

d. Heasures (e.g.. alignment pins) to facilitate proper mounting of Items.

e, Measures to in.ure that identification, orientation, and alignment
provisions include cables and connectors.

0
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5.9.2 Mounting of items within units.

5.9.2.1 Stacking avoidance. Parts should be mounted in an orderly array on
a "two-dimensional" surface, rather than stacked one on another (i.e., a lower
layer should not support an upper layer, so subassemblies do not have to be
removed to access other subassemblies within the equipment.

5.9.2.2 Similar items. Similar items shall utilize a common mounting
design and orientation wFithin the unit. This mounting design shall preclude
interchange of items which are not functionally interchangeable. Similar
items which are not functionally interchangeable shall be made distinguishable
by labeling, color coding, marking, etc., to prevent unwanted substitution.

5.9.2.3 Delicate items. Components susceptible to maintenance induced
damage through roug h ling, static electricity, abrasion, lack of
cleanliness or other such factors shall be clearly identified and guarded from
abuse both physically and by procedural requirements.

5.9.3 Adjustment controls. Controls required for maintenance purposes
shall comply with basic control design requirements in 5.4 and labeling
requirements in 5.5.

5.9.3.1 Knob adlustments. Knobs rather than screwdriver controls shall be
used whenever adjustments-occuring more often than once per month must be
performed where access, weight, and related considerations permit their use.
Knobs shall maintain setting following adjustment.

5.9.3.2 Blind screwdriver adjustments. Screwdriver adjustments made
without visual _aces are rmissable only if mechanical guides are provided
to align the screwdriver. Screw travel shall be limited to prevent the screw
from falling out of its intended position.

5.9.1.3 Reference scale for adjustment controls. A reference scale or
other approprate rFeedback shall be provided for alI adjustment controls. The
reference scale shall be readily visible to the person making the adjustment,
Mirrors or flashlights should not be required for adjustments.

5.9.3.4 Control limits. Calibration or adjustment controls which are
intended to have ai mited degree of motion shall have mechanical stops with
strength to prevent damage by a force or torque 100 times greater than the
resistance to movement within the range of adjustment.

5.9.3.5 Critical controls. Critical and sensitive adjustment controls
shall incorporate features to prevent inadvertent or accidental actuation. If
a locking device is to be used to prevent inadvertent actuation, operation of
the locking device shall not change the adjustment setting. Where the
operator or maintainer is subjected to disturbing vibrations or acceleration
during the adjustment operation, suitable hand or arm support shall be
provided near the control location to facilitate making adjustment.
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5.9.3.6 Hazardous locations. Adjustment controls should not be located
close to dangerous voltages, moving machinery, or any other hazards. If such
location cannot be avoided, the controls shall be appropriately shielded and
labeled.

5.9.4 Accessibility.

5.9.4.1 Structural members. Structural members or permanently
installed equipment shall not visually or physically obstruct adjustment,
servicing, removal of replaceable equipment or other required maintenance
tasks. Panels, cases, and covers removed to access equipment shall have
the same access requirements as replaceable equipment. Mounting
provisions shall be directly visually, and physically accessible by the
maintainers. Unless required by security considerations, no special
tools shall be required for removal or replacement.

5.9.4.2 Large items. Large items.which are difficult to remove shall be so
mounted that they will not prevent convenient access to other items.

5.9.4.3. Use of tools and test equipment. Check points, adjustment points,
test points, cables, connectors, and labels shall be accessible and visible
during maintenance. Sufficient space shall be provided for the use of test
equipment and other required tools without difficulty or hazard.

5.9.4.4 Rear access. Sliding, rotating or hinged equipment to which rear
access is required shall be free to open or rotate their full distance and
remain in the open position without being supported by hand. Rear access
shall also be provided to plug connectors for test points, soldering and pin
removal where connectors require such operations. Aircraft installed
equipment shall be configured for one-sided access.

5.9.4.5 Relative accessibility. Mission critical items which require rapid
maintenance sall e mos accessible. When relative criticality is not a
factor, items requiring most frequent access shall be most accessible.

5.9.4.6 High-,failure-rate items. High-failure-rate items should be
accessible for replacement without moving non-failed items. Mechanical
replacement items shall be removable with common hand tools and simple
handling equipment.

5.9.4.7 Skills. Access to items maintained by one technician should not
require remova of critical equipment maintained by another technician,
particularly where highly specialized skills are involved.

5.9.5 Lubrication.

5.9.5.1 General. Configuration of equipment containing mechanical items
requiritig lubricition shall permit both lubrication and checking of lubricant
levels without disassembly. Extended fittings shall be provided to lubricant

O ports that would not otherwise be readily accessible or visible. Permanently
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lubricated items for which lubricant lasts for the life of the items are i
excluded. A clear indication of completion of lube servicing shall be
provided to ensure proper servicing level. Lube fittings shall be sized to
prevent cross coupling with improper lube servicing devices.

5.9.5.2 Labeling. Where lubrication is required, the type of lubricant to
be used and the frequency of lubrication shall be specified by a label mounted
at or near the lube port or grease fitting. For non-airborne equipment, a
lubrication chart of permanent construction shall be mounted at the operator
station of the equipment; individual labels shall not be required when the
equipment has only one type of fitting and uses only one type of lubricant.

5.9.6 Case and cover mounting. Cover or shield holes shall be large enough
for mounting screw clearance without perfect case alignment.

5.9.7 Cases.

5.9.7.1 Orientation. The proper orientation of an item within its case
shall be made obvious, either through design of the case or by means of
appropriate labels.

5.9.7.2 Removal. Cases should lift from items rather than the converse.
Equipment should be protected from damage when cases are removed or replaced.
Cases shall not require manual support to remain in the open position during
maintenance.

5.9.7.3 Size. Cases shall be sufficiently larger than the items they cover
to facilita -Tnstallation and removal with little or no case manipulation.

5.9.7.4 Guides. Guides, tracks, and stops shall be provided as necessary
to facilitatehandling and to prevent damage to equipment or injury to
personnel.

5.9.8 Covers.

5.9.8.1 Securing of covers. It shall be made obvious when a cover is not
secured, even though it may Fe in place.

5.9.8.2 Instructions. If the method of opening a cover is not obvious from
the construction of the cover itself, instructions shall be permanently
displayed on the outside of the cover. Instructions shall consist of simple
symbols such as arrows or simple words such as "push" or "push and turn."

5.9.8.3 Clearance. Bulkheads, brackets, and other equipment shall not
obstruct visual or physical access for removal or opening of covers on
equipment within which work must be performed in the installed condition.
Covers, doors or panels which must be opened to perform on-site maintenance
shall be visually and physically accessible to the maintainers.
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5.9.9 Access openings and covers.

5.9.9.1 Application. An access shall be provided whenever frequent
maintenance operations would otherwise require removing a case or covering,
opening a fitting, or dismantling an item of equipment.

5.9.9.2 Self-supporting covers. Hinged access covers that are not
completely removable shall be self-supporting in the open position. The cover
in the open position shall not obstruct required visual or physical access to
the equipment being maintained or to related equipment during maintenance.
Self-supporting covers should be capable of being opened and closed with one
hand. Covers shall be secured to withstand windgusts, vibrations, or other
environmental effects as specified by system requirements.

5.9.9.3 Labe!in. Each access should be labeled with nomenclature for
items visibleor accessible through it, nomenclature for auxiliary equipment
to be used with it and recommended procedures for accomplishing operations.
Accesses shall be labeled with warning signs, advising of any hazards existing
beyond the access and stating necessary precaution. Opening or removing an
access cover shall not remove or visually obstruct any hazard warning. If
instructions applying to a covered item are lettered on a hinged door, the
lettering shall be properly oriented to be read when the door is open.
Warning notices shall be clear, direct, and attention-getting and have a 25
percent larger letter height than any detailed instructions which follow.

5.9.9.4 Rounding. Cover and access edges shall be rounded (See 5.13.5.4)

to preclude hand injury or clothing damage.

5.9.9.5 Physical access.

5.9.9.5.1 Arm and hand access. Access openings provided for adjusting and
handling interior equipment shall be sized to permit the required operations
and shall provide an adequate view of the item being manipulated. All blind arm
and hand access shall require approval of procuring authority.

5.9.9.5.1.1 Oening covers. Access covers shall be equipped with grasp
areas or other means for opening them. Where operations will require opening
and closing the covers while wearing gloves or special clothing, opening
provisions shall accommodate the gloves or special clothing.

5.9.9.5.1.2 Reach access dimensions. The dimensions of access openings for
arms, hands, and fingers shall Be no less than those shown in Figure 45.
Allowance shall be made for the clearance of the operator's gloved or mittened
hand, or special clothing as appropriate. Shape of access shall allow easy
passage of equipment, body appendage or tools as appropriate. Access shape
shall permit passage of all equipment that must be replaced through the
opening allowing for protuberances, attachments and handles on the equipment.

5.9.9.5.1.3 Tool access dimensions. Access openings shall be large enough. to operate tools required for mantenance of the equipment reached through the
access,
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5.9.9.5.1.4 Remove and replace dimensions. Opening size for removal andI
replacement of equipment shall allow fo handling clearance for bare hand or
gloved hand as appropriate.

5.9.9.5,1.5 Guarding hazardous conditions. If a hazardous condition, such
as exposed cond-ucters energized with dangerous voltages or currents, exist
behind the access, the physical barrier over the access shall be equlped with
an interlock that will de-energize the hazardous equipment when the barrier is
open or removed. Both the presence of the hazard and the fact that an
interlock exists shall be noted on the equipment case or cover such that it
remains visible when the access is open.

5.9.9.5.1.6 T~eof openin * Where physical access is required, the
following pr~ctice shall lowed in order of preference:

a. An opening with no cover unless this is likely to degrade system
Performance, safety, or NBC contamination survivaity.

b. A hand operated (latched, sliding, or hinged) cap or door where dirt,
moisture, or other foreign materials might otherwise create a problem.

c. A quick-opening cover plate using 1/4 turn captive fasteners if a cap
will not meet stress requirements or space prevents a hinged cover.

d. When, captivft fasteners cannot be used because of stress, structure or
pressurization, screw down cover. Use minimum number of interchangeable
screws to fasten door.

S M.96 Visual access. Where visual access is required, the opening sball
provide a vMU716"nig4sufficient to view all required information at the
normal operating or maintenance position, The maintainer should be provided
unrestricted visual aeceSA from the work station without bending. Where
bending is required, freuvency and time in the bent positio" shall not cAose
fritigue. where visual access only is required, the following practices shall
be fo'llowed in order of precedence:,

a. An opening with no cover except where this might degrade syeftem
peeformance or N4BC survivability.

b. A transparent window if dirt, moisture, op other foroign Matepials
might otherwise create a problem.

c. A break-resistant glass window if physical wear, heat. oe contact with
solvents woula otherwise cause optical deterioration.

d. A quick-opening opaque cover if glass will not meet stress or other

5.9.9.7 Access cover attachment. Covers shal I be attached with the fewest
number of s 7rite t-ope rate la steners practicable. Fasteners shall be

190



tMIL-STD-1472D

operable by hand or by common hand tools in that order of preference. Small,
removable covers shall be attached to structure or otherwise retained to
prevent loss.

5.9.10 Fasteners.

5.9.10.1 General, The number and diversity of fasteners used shall be
minimized commensurate with stress, bonding, pressurization, shielding,
thermal and safety requirements. When more than one size or type fastener is
used on the same equipment or cover, the fasteners/equipment/cover interface
shall permit the maintainer to readily distinguish the intended location of
each fastener. Finger or hand-operated fasteners shall be used when
consistent with these requirements, except where screws with heads flush with
the case or fastening surface are required for NBC survivability. Fasteners
requiring non-standard tools shall not be used.

5.9.10.2 Hinges and tongue-and-slot catches. Hinges, tongue-and-slot
catches and -mounting pins shall be used to minimize the number of fasteners
required; however, where covers are subject to NBC survivability requirements,
pin and hook arrangements, rather than hinges, should be used.

5.9.10.3 Captive fasteners. Captive fasteners shall be used where dropping
or loss of such items could cause damage to equipment or create a difficult or
hazardous removal problem. Captive fasteners shall also be provided for, access covers requiring frequent removal.

5.9.10.4 quantity. If a hinged access panel or quick-opening fasteners
will not meet stress, pressurization, shielding, or safety requirements, the
minimum number consistent with these requirements shall be used.

5.9.10.5 Fastener head type.

5.9.10.5.1 High torque fasteners. External hex or external double-hex
wrenching eleme'nts-shall-be prov idd on all machine screws, bolts or other
fasteners requiring more than 14 N-m (lOft-lb) of torque. When external
wrenching fasteners cannot meet the mechanical function or personnel safety
requirements, or in limited access situations, and where use is protected from
accumulation of foreign material, internal wrenching fasteners may be used.
Direct tool aCcess shall be provided to allow for torquing without the use of
irregular extensions,

.5.9.10.5.2 Low torque fasteners. Hex type internal grip head, hex type
external grip Woado €owrinCatn -head (hex or straight-slot internal grip and
hex type external..grip head) or Torq-set fasteners may be provided where less
than 14 N-M (10 ft Ib) torque is required; however, interoal-grip head
fasteners shall be provided only where a straight or convex smooth surface is
required for mechanical function or for personnel safety and where use is
protected from accumulation of foreign material (e.g., ice, snow).
Straight-slot or cross-recess type internal grip fasteners shall not be,IL providel, except as wood fasteners or where these type fasteners are provided
on standard commercial items.
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5.9.10.5.3 Common fasteners. Whenever possible, identical screw and bolt
heads shall be provided to allow various panels and components to be removed
with one tool. Combination bolt heads such as slotted hex head should be
selected whenever feasible. Identical fasteners shall not be used where
removal of wrong fastener can result in equipment damage or change to
calibration settings.

5.9.10.6 Accessibility. The heads of mounting bolts aid fasteners should
be located on surfaces readily accessible to the maintainer. Both hand and
tool access shall be provided to the unthreaded or loosened fastener.

5.9.10.7 Number of turns. Fasteners for mouiting assemblies and
subassemblies shall require a minimum number of turns, compatible with stress,
alignment, positioning and load considerations. When machine screws or bolts
are required, the number of turns and the amount of torque shall be no more
than necessary to provide the required strength except when a common fastener
is utilized. All items requiring removal for daily or more frequent scheduled
inspections and servicing shall utilize quick release fasteners.

5.9.10.8 Torque labeling. When fastener torquing to meet EMI/RFI
shielding, t al conductance or other constraints is required for
organizational or intermediate level maintenance actions, an instructional
label or placard should be provided in reasonable proximity to fasteners.
Such labels shall comply with requirements of 5.5 and specify required torque
value and torquing sequence.

5.9.11 Unitdeign for effiient handling.

5.9.11.1 Rests and standu. When required to support operations or
maintenance nctiOns, rieiis' or stands on which units can be placed, including
space for test equipment, tools, technical orders and manuals, should be
provided. When permitted by design requirements, such rests or stands shall
be part of the basic unit, rack or console chassis.

5.9.11.2 Exteqsions. Extensions and connected appurtenances, accessories,
utilities, ca-' , wave guides, hoses and similar items shall not interfere
with removing, replacing, or carrying an item. If such extensions and
connected appurtenances interfere with these tasks, they shall be easily
removed or disconnected from the equipment before handling. Easy discondect
shall consist of hand operable quick disconnect or standard hand tool operable
disconnects in that order of preference.

5.9.11.3 Weight.

5.9.11.3.1 Lifting limits. The weight limits in Table XXII, conditions A
and B, shall be used as maximum values in determining the design weight of
items requiring one person lifting with two hands. Double the weight limits
in Table XXIII shall be used as the maximum values in determining the design
weight of items requiring two person lifting, provided the load is uniformly
distributed between the two lifters. If the weight of the load is not
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uniformly distributed, the weight limi-t applies to the heavier lift point.
Where three or more persons are lifting simu'taneously, not more than 75
percent of the one-person value may be added for each additional lifter,
provided that the object lifted is sufficiently large that the lifters do not
interferz with one another while lifting. Where it is not possible to define
the height to which an object will be lifted in operational use, the limit
wherein the object is lifted to shoulder height shall be used rather than the
more permissive bench height value. The values in Table XXIII are applicable
to objects with or without handles.

TABLE XXIII. DESIGN WEIGHT LIMITS

HANDLING FUNCTION Male and Female Male Only
Popula tlon Population

A. Lift an object from the floor and place 16.8 37 25.4 56
it on a surface not greater than 1.525 m
(5 ft) above the floor.

B. Lift an object from the floor and place it 20.0 44 39.5 87
on a surface not greater than 915 mm (36 in.)
above the floor.

C. Carry an object 10 meters (33 feet) or less, 19.0 42 37.2 82

5.9.11.3.2 Lifting frequency. The equipwent weight-limits in Table XXIII
are not for repetitive lifting as found, for example, In loading or unloading
transport vehicles. If the frequency of lift exceeds one lift in 5 minutes or

-20 lifts per 8 hours, the permissible weight limits shall be reduced by
(8.33xLF) percent, where LF is the lift frequency In lifts per minute. For
example, if the lift frequency is 6 lifts per minute, then the maximum
pbrmissible weight is reduced by 50 percent (8.33 x 6 - 50).

5.9.11.3.3 Load size. The maximum permissible weight lift limits in Table
XXIV are applicable-to an object with uniform mass distribution and a compact
size not exceeding 460 mm (18 inches) high, 460 mm (18 inches) wide, and
300 mm (12 inches) deep (away from the lifter.) This places the hand holds at
half the depth, or 150 mm (6 inches) away from the body. If the depth of the
object exceeds 610 mm (24 inches) the permissible weight shall be reduced by
33 percent. If the depth of the object exceeds 910 mm (36 inches), the
permissible weight shall be reduced by 50 percent. If the depth of the object
exceeds 1.220 m (48 inches), the permissible weight shall be reduced by
66 percent.

5.9.11.3.4 Obstacles. The values in Table XXIII assume that there are no
obstacles between the person lifting and the shelf, table, bench or other
surface on which the object is to be placed. Where there is a lower
protruding shelf or other obstacle limiting the lifter's approach to the.desir ,,d surface, the weight limit of the object shall be reduced by 33 percent

193



MI L-STD-147ZD

for an obstacle protruding 300 mm (12 inches), 50 percent for an obstacle
protruding 460 mw (18 inches), and 66 percent for an obstacle protruding
610 mm (24 inches). If the allowable weight must be reduced by both oversize
load consideraLions (paragraphs 5.9.11.3.3) and the obstacle considerations,
only the more restrictive single value shall apply; two reductions shall not
be applied.

5.9.11.3.5 Carring limits. The weight limit in Table XXIII condition C
shall be used as the maximum value in determining the design weight of items
requiring one person carrying of objects a distance of up to 10 m (33 feet).
The maximum permissible weight for carrying also applies to an object with a
handle on top, such as a tool box, which usually is carried at the side with
one hand. Double this weight carrying limit shall be used as the maximum
value in determining the design weight of items requiring two-person carrying,
provioed the load is uniformly distributed between the two carriers. Where
three or more persons are carrying a load together, not more than 75 percent
of the one-person value may be added for each additional person and provided
that the object is sufficiently large that the workers do not interfere with
one another while carrying the load. In all cases involving carrying, it is
assumed that the object is first lifted from the floor, carried a distance of
10 m (33 feet) or less, and placed on the floor or on another surface not
higher than 915 mm (36 inches). If the final lift is to a higher height, the
1.525 m (5 foot) lift height applies as the more limiting case.

5.9.11.3.6 in cy. The reduction formula expressed in
paragraph 5.9.TM 2hallb applied to repetitive carrying in the same
manner as for repetitive lifting.

5.9.11.3.7 ibject carrysize. The reduction formula expressed in paragraph
5.9.11.3.3 shall be appied to size of objects to be carried in the same
manner as for load size.

5.9.11.3.8 User ppulation, Unless otherwise specified by the procuring
activity, the valu sin Table XXIII for Male and Female Population shall apply
to any object to be lifted or carried manually. Where the procuring activity
specifies that the object is to be lifted or carried only in a combat
environment, the Male Only Population will be applied.

5.9.11.3.9 Labeling. Items weighing more than the one-person lift or carry
values for Male ndFmale Population of Table XXIII shall be prominently
labeled with weight of the object and lift limitation. i.e., mechanical or
two-person lift, three-person lift, etc. Where mechanical or power lift is
required, hoist and lift points shall be provided and clearly labeled.

5.9.11.4 Push and pull forces.

5.9.11.4.1 Horizontal. Manual horizontal push and pull forces required, to
be applied initially to an object to set it in motion or to be sustained over
a short period of time, shall not exceed the values of Table XXIV, as
applicable, or those given in Figure 21, if more appropriate to the force and
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movement characteristics of the task. The values shown in Table XXIV apply to
males only and should be modified for females. (Two-thirds of each value
shown is considered to be a reasonable adjustment.) Use of the maxima shown
in Table XXIV is predicated upon a suitable surface for force exertion, i.e.,
vertical with rough surface and be approximately 400 mm (16 inches) wide
between 0.510 and 1.270m (20 and 50 inches) above the floor to allow force
application with the hands, the shoulder or the back (see Figure 46).

5.9.11.4.2 Vertical. Manual vertical push and pull forces required shall
not exceed the applicable fifth percentile peak or mean force values of
Table XXV, or those given in Figure 21, if more appropriate to the force and
movement characteristics of the task.
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TABLE XXIV. HORIZONTAL PUSH AND PULL FORCES EXERTABLE
INTERMITTENTLY OR FOR SHORT PERIODS OF TIME (MALE PERSONNEL)

4ORIZONTAL
FORCE*; CONDITION

AT LEAST APPLIED WITH j (uL: COEFFICIENT OF FRICTION)

100N (25 Ib) both hands or one with low traction
push or pull shoulder or the bak 0.2 <-& < 0.3

200N (4 ib; both hands or one with mwdium raction
push or pull shouldw or the back )4-0.6

250N (55 Ib) one hand If boad against a wrtlml vmlt
push 510-1625 mm (20-W in.) from and

parallel to the push panel

300N (70 Ib) both hands or one with hig traiton
push or pull shoulder or the lack 1A > 0.9

SOON (110 Ib) both hands or one if braced against a vertial well
psh or pull shoulder or the hack 510-1780 mm (20-70 in.) from nd

parallel to the panel
or

if anchoring the feet on a perfectly nonslip
ground (like a footrest)

750N (166 Ib) the back if braced against a wertill well
pus(h00-1100 mm) (23-43 in.) from and

parallel to the push panel
or

if anchoring the feet on a perfectly nonslip
ground (like a footrest)

*May be doubled for two and tripled for three operators pushing simultaneously.
For the fourth and each additional operator, not more than 75% of ,heit push

#ability should be added.

So Flm 4 for fsl
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LOW/MEIUMIHIGH TRACTION

USE OF~ FOOTREST

BRACED AGAINST VERTICAL WALL

.FIGURE 46. EXAMPLES OF PUSH FORCE CONDITIONS FOR TABLE XXIV
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TABLE XXV STATIC MUSCLE STRENGTH DATA

PERCENTILE VALUES IN NEWTONS
6t PERCENTILE 9th PERCENTILE

STRENGTH MEASUREMENTS MEN WOMEN MEN WOMEN
ISEE FIGURE 47)

A STANDING TWO-HANDED PULL:
33 o LEVEL

MEAN FORCE 738 331 1354 818
PEAK FORCE 845 397 1437 See

B STANDING TWO-HANDED PULL:
0 am LEVEL

MEAN FORCE 758 325 1342 841
PEAK FORCE 1 374 1442 906

C STANDING TWO-HANDED PULL.
100 am LEVEL

MEAN FORCE 444 115 931 443
PEAK FORCE 504 218 988 493

D STANDING TWO-HANDED PUSH:
150 m LEVEL

MEAN FORCE 409 153 1017 380
PEAK FORCE 473 Ise 1094 430

E STANDING ONE-HANDED. PULL
100 cm LEVEL

MEAN FORCE 215 103 628 284
PEAK FORCE 2W 132 724 322

F SEATED ONE-HANDED PULL:
CENTERLINE, 45 am LEVEL

MEAN FORCE 227 106 678 392
PEAK FORCE 273 127 758 451

G SEATED ONE-HANDED PULL:
SIDE, 46 cm LEVEL

MEAN FORCE 240 109 604 337
PEAK FORCE 273 134 OGG 396

H SEATED TWO-HANDED PULL:
CENTERLINE, 38 m LEVEL

MEAN FORCE 566 242 1221 770
PEAK FORCE 661 236 1324 842

I SEATED TWO-HANDED PULL
CENTERLINE, 50 am LEVEL

MEAN FORCE 625 204 1062 632
PEAK FORCE 59 237 1189 697
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TABLE XXV STATIC MUSCLE STRENGTH DATA

PERCENTILE VALUES IN POUNDS ..

ft PERCENTILE 9f PE RCENTI Ld
STRENGTH MEASUREMENTS MEN WOMEN MEN WOMEN
(SEE FIGURE 47)

A STANDING TWO-HANDED PULL:
15 in. LEVEL I

MEAN FORCE Is$ 74 304 184
PEAK FORCE 190 Be 323 200

B STANDING TWO-HANDED PULL:
20 in. LEVEL

MEAN FORCE 170 73 302 19
PEAK FORCE 187 84 324 203

C STANDING TWO-HANDED PULL:
39 In. LEVEL

MEAN FORCE 100 42 209 100
PEAK FORCE 113 49 222 111

D STANDING TWO-HANDED PUSH:
59 i. LEVEL

MEAN FORCE 99 34 229 85
PEAK FORCE 106 42 246 7

E STANDING ONE-HANDED PULL:
39 in. LEVEL

MEAN FORCE 48 23 141 64
PEAK FORCE 58 30 163 72

F SEATED ONE-HANDED PULL:
CENTERLINE, 18 In. LEVEL

MEAN FORCE 51 24 152 se
PEAK FORCE ,1 29 170 101

G SEATED ONE-HANDED PULL:
SIDE. 18 In LEVEL

MEAN FORCE 64 25 138 78
PEAK FORCE 611 30 146 s9

H SEATED TWO-HANDED PULl,
CENTERLINE, 15 In. LEVEL

MEAN FORCE 134 54 274 173
PEAK FORCE 157 64 US lee

I SEATED TWO-HANDED PULL
CENTERLINE, 20 In. LEVEL

MEAN FORCE 111 4 237 142
PEAK FORCE 134 53 27 167

I A - - m -

0
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* A. STANDING TWO-HANDED PULL: 38 m (15") LEVEL
STANDING WITH FEET 45 an (I8") APART AND KNEES
BENT. BENDING AT WAIST, GRASPING BOTH
SIDES OF 45 m (1t) LONG HANDLE LOCATED DIRECTLY
IN FRONT, 38E (11) ABOVE STANDING SURFACE,
AND PULLING, USING PRIMARILY ARMS, SHOULDERS
AND LEGS.

L STANDING TW0 ANDED PULL: 60 am 12' ) LEVEL
STANDING WITH FEET 46 an(1r') APART AND KNEES
STRAIGHT, BENDING AT WAIST, GRASPING BOTH
SIDES OF 45 an (r) LONG HANDLE LOCATED DIRECTLY
IN FRONT, 6 0m f- 1i Aov-E STANDIT NG SRFACE,
AND PULLING, USING PRIMARILY ARM AND
SHOULDERS.

C. STANDING TWO-HANDED PULL: 100 am (3"1 LEVEL
STANDING ERECT WITH FEET 45 m ( ) APART,"
GRASPING BOTH SIDES OF 46 m (161 LONG HANDLE
LOCATED DIRECTLY IN FRONT, 100 an (39) ABOVE

.STANDING SURFACE, AND PULLING, USING THE
ARMS.

FIGURE 47. STATIC MUSCLE STRENGTH DATA
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D..STANDINGQrWO-HANDED PUSH: 150 m (5r") LEVEL
STANDING ERECT WITH FEET 45 am (1.") APART GRASPING
FROM BELOW, BOTH SIDES OF 46cm 1") LONG HANDLE
LOCATED DIRECTLY IN FRONT, 150cm (6r ABOVE
STANDING SURFACE. PUSHING UPWARD USING ARMS
AND SHOULDERS.

E. STANDING ONE-HANDED PULL: 100 cm M') LEVEL
STANDING ERECT WITH FEET 1am (6) APART,
DOMINANT HAND GRASPING UNDERSIDE OF
D-RING LOCATED DIRECTLY TO THE SIDE,
100 = Or) ABOVE STANDING SURFACE, PULLING
UPWARD WHILE KEEPING SHOULDER IQUARE
AND OTHER ARM RELAXED AT SIDE.

F.8 ON" -HANDED PUL: SEAT CENTIRUNE

SITTING ERECT WITH FEET 5 onm (U) APART,
DOMINANT HAND GRASPING UNDERSIDE OF D-
MING LOCATED DIRECTLY TO THE FRONT, 45 am
(15") ABOVE 1THE FLOOR. PULLING UPWARD WHILE
KEEPING SMOULDERS SMIARE AND OTHER ARM
RESTING IN LAP.

FIGURE 47. STATIC MUSCLE STRENGTH DATA
(CONTINUED)
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. G. ..TMT.D [E -44AN-DPULL: S|DE OFSEAT,

TTINO ERECT WITH PET 55 am (22) APART.
DMINANT HAND GRASPING UNDERSIDE OF
D-RING LOCATED A SHORT DISTANCE TO

ODE. 45 an (1r) ABOVE THE FLOOR. PULLING
UPWARD WHILE KCEEPING SHOULDERS
SQUARE AND OTHER ARM RESTING IN. LAP.

SITTING ERECT WITH FEET 55 o(2") APART. BENDING
SIGHTLY AT WAIT, GRASPING BOTH 81045 OF
15m (W) LONG HANDLE LOCATED DIRECTLY TO-THE
FRONT, 31em (1W') ABOVI THE FLOOR. PULLING
UPWfAtD, USING ARMS AND SHOULDERS. KEFJING
ARM OP THIGHS.

1.APLL: OCENTRLINE F
SWAT bOaSfrW) LIEVEL
ITTING IRECTWITH PEETS .(m2) APART. ENDING

SUGHTLY AT WAIST. GRASPNG BOTH SIDES OF
Is omn" LONG HANDLE LOCATED DIRECTLY TO THE
FRONT, Mom O") ABOVE THE FLOOR. PULLING
UPWARD. LING ARM AND SHOULDERS, KEEPING
ARMS OP THIGHS.

FIGURE 47. STATIC MUSCLE STRENGTH DATA
(CONCLUDED)
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0 5.9.11.5 Handles and grasp areas.

5.9.11.5.1 General. All removable or carried units designed to be removed
and replaced shalbe provided with handles or other suitable means for
grasping, handling, and carrying (where appropriate, by gloved or mittened
hand). Items requiring handling should be provided with a minimum of two
handles, or one handle and one grasp area. Items weighing less than 4.5 kg
(10 lbs) whose form factor permits them to be handled easily shall be exempt
from this requirement unless specifically directed by the procuring activity.

5.9.11.5.2 Location. Whenever possible, handles, grasp areas, or hoist
points shall be located to preclude uncontrolled swinging or tilting when
lifted. They shall be located to provide at least 50 mm (2 inches) of
clearance from obstructions during handling. The location of handles shall
not interfere with installing, removing, operating or maintaining the
equipment.

5.9.11.5.3 Nonfixed handles. Nonfixed handles (e.g., hinged or fold-out)
shall have a stop position for holding the handle perpendicular to the surface
on which it is mounted and shall be capable of being placed into carrying
position by one hand (where appropriate, by gloved or mittened hand).

5.9.11.5.4 Grasp surface. Where an item's installation requires that its
bottom surface e used as a handhold during removal or installation, a nonslip. grasp surface (e.g., grooved, knurled, or frictional) shall be provided.

5.9.11.5.5 Handle dimensions. Handles which are to be used with mittened,
gloved, or ungoedhanids sha1T equal or exceed the minimum applicable
dimensions shown in Figure 48.

5.9.11.5.6 Handle and grnsp area force requirements. Force requirements to
operate handle and grasp areas oher than nolis covered by paragraph 5.4
shall not exceed the values in Figure 21.

5.9.11.5.7 Handle material. Handles or grasp areas used with bare hands
should have surfaces thVat-a not thermally (see 5.13.4.6) or electrically
conductive. The surface shall be sufficiently hard to prevent imbedding of
grit and grime during normal use.

5.9.12 Mounting.

5.9.12.1 General. Equipment configuration shall preclude improper
mounting.

5.9.12.2 Tools. Field removable items shall be replaceable by using only
common hand too

5.9.12.3 Removal. Replaceable items should be removable along a straight
or slightly curd11ne, rather than through an angle.
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DIMENSIONS IN mm (in Iniche)
ILLUSTRATION TYPE OF (Bae, Hand) (Gloved Hand) (Mittered Hand)

HANDLE 
Y zx Y Z X V Z X Y Z

Two-finger bar 32 65 75 38 7 75 Not Applicable
1-1/4)11/2) (3) (1-1/2) (3) (3)

One-hand bar 48 111 75 50 12I7r 1(0 75 135 150
( 1-7/$)W4.=8 (3) (2) (5) (4) (3) (5-1/4) (6)

Two4iand bar 415 215 75 50 270 100 75 280 150
(1-718UB1/21 (3) (2) (1&.1/2) (4) (31 (11) (6)

T-or 38 100 76 50 115 100 NotApilicable
1-1/2) (41 (3) (2) *1/2) (4)

Jbt50 100 75 50 115 100 76 125 150 _

(21 (4) (3) (2) W4.1/2) (4) (3) (5) (6)

Tvw*4"WN rt 32 S5 50 38 IS 50 Not.AppIblble

T1.1/4t42-1tl (2) 11-1/2) (3) (21

4I .mI ndvReomu 60 110 90 90 -35 00 90 13S 126

Fhno#I 4r-can 19 (13 25 - 19 Not Applcable
3/41 (1/2) (1) W41

4(" O)4nw mcmu 32 - 50 38 - s0 Not Aplicable
, " 1-1/41 (2) (1.1/2.) (2)

Cwvueture of Handle
or dge .Isight of Item Minimum Dilmotr

(DOES NOT LIP to 6.8 kg(up to 15 Ibgl D - 6 mm IN in) Grippinq fflcvvicy it best
P D E NOT6.8 to 9.0 kg (16 to 20 Ihl1 0.13 trt. (y, in) if finr can cul around
PRSECLUE 9.0 to 18 kq 120 to 40 Ibsi) 0. 19 mm (% in ) handle or edge to any
USE O Over 18 kg (ower 40hbs! 0.25 mm (1 in) a. of j W rod (120 0)
OVAL HANOLE?} T.bar Post T-13,tm ('4/ m) or mora .

FIGURE 48. MINIMUM HANDLE DIMENSIONS
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5.9.12.4 Alignment. Items which must be precisely located or which
incorporate rack and panel connectors shall utilize guide pins or their
equivalent tc assist in alignment during mounting.

5.9.12.5 Cin2. Coding by such means as color or labels shall identify
the correct Itmnd its proper orientation or replacement. Where required to
expedite field damage repair, wire bundles of more than five wires shall be
label and color coded.

5.9.12.6 Rollout racks, slides or hinges. Items which must be frequently
pulled out of their installed positions for inspection or maintenance shall be
mounted on rollout racks, slides, or hinges. Rollout racks mounted in
consoles should not shift the center of gravity to the extent that the entire
rack or console falls. If this possibility exists, the console or rack shall
be safely secured.

5.9.12.7 Limit sto s. Limit stops shall be provided on racks and drawers
which are requreto -e pulled out of their installed positions. Rollout
racks and drawers shall be self-locking in the retracted and extended
positions. The limit stop design shall permit convenient overriding of stops
for rack or drawer removal. Unlocking of self-locking provisions should be
accomplished by one hand.

5.9.12.8 Interlocks. Interlocks shall be provided to ensure disconnectionO of equipment that would otherwise be damaged by withdrawal of racks or
drawers. Equipment design should obviate the need for interlocks.

5.9.12.9 Hinged mounting. Hinged Items shall be provided with a brace or
other means ofsupport to hold equipment in the *out* position for maintenance
if it is not free to rotate and remain in the "out" position without support.

5.9.12.10 Lay-out. Units shall be laid out so that a minimum of
place-to-place movements will be required during checkout.

5.9.12.11 Covers or panels. Removal of any replaceable item shall require
opening or reioving a minimum number of covers or panels.

5.9.13 Conductors.

5.9.13.1 Codig. Cables containing Individually insulated conductors with
a comon she EF-slall be coded. The coding should be repeated every 300 n
(12 in.) along their entire length.

5.9.13.2 Cable clamps. Unless wiring ducts or conduits are used,
mechanically- adhesvely) mounted cable clamps shall be provided to ensure
correct routing of electrical cables within and between equipment items to
ensure that cables do not hinder or obstruct equipment maintenance and to
facilitate the mating of cables with their associated equipment items, and to
prevent chaffing due to contact with adjacent structure.
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5.9.13.3 Length. Cables shall be long enough so that required checking of
any functioning item can be accomplished in a convenient place. Extension
cables shall be provided where this is not feasible.

5.9.13.4 Cable routing. Cable routing shall not obstruct visual or
physical access to equipment for operation or maintenance.

5.9.13.5 Access. Cables shall be routed so as to be accessible for
inspection and maintenance.

5.9.13.6 Susceptability to abuse. Cables shall be routed or protected in
such a way that they may not be pinched by doors, lids, etc., walked on, used
for hand holds, or bent or twisted sharply or repeatedly.

5.9.13.7 Cable protection. When cables must pass over or through sharp
edges, insulation shall be protected from fraying or other damage by grommets
or equivalent means. Where required, cables shall be wrapped or sealed for
NBC survivability.

5.9.13.8 Identification. Cables shall be labeled to indicate the equipment
to which they belong and the connectors with which they mate. All replaceable
wires and cables shall be uniquely identified with distinct color or number
codes in accordance with MIL-STD-681.

5 .9.14 Connectors.

5.9.14.1 Use of suick disconnect plugs. Plugs requiring no more than one
turn, or otherquick isconnect plugs, shall be provided whenever feasible.

5.9.14.2 Keyig. Plugs shall be so designed that it will be Impossible to
insert a wrong pug into a receptacle.

5.9.14.3 Identification. Marking of electrical connectors shall conform to
Requirement 67 of NIL:STD-454. Electrical plugs and receptacles shall a&so be
identified by color, shape, size, or equivalent means to facilitate
identification when multiple, similar connectors are used in proximity to each
other.

5.9.14.4 Alignment. Plugs and receptacles shall be provided with aligning
pins, keyways, or equivalent devices to aid in alignment and to praclude
inserting in other than the desired position.

5.9.14.5 Aligning pins and keyways. The configuration of aligning pins,
keyways and other equivalent devices shall insure that alignment is obtained
before the electrical pins engage and contact is made.

5.9.14.6 Orientation. Plugs and receptacles shall be arranged so that the
aligning pins, keyways, or equivalent devices are oriented in the same
relative position.
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5.9.14.7 Coding. Plugs and receptacles shall have durable strips, arrows,
or other indications to show the positions of aligning pins or equivalent
devices for proper insertion.

5.9.14.8 S . Connectors shall be spaced far enough apart so that they
can be grasp~WiTrmly for connecting and disconnecting. Space between
adjacent connectors, or between a connector and any adjacent obstructions,
shall be compatible with the sizii and shape of the plugs, and the type of
clothing worn by the maintainer (e.g., cold weather handwear, NBC gloves), but
shall be not less than 25 mm (1 inch), except where connectors are to be
sequentially removed and replaced and 25 mm (1") clearance is provided in a
swept area of at least 1.5 urad (2700) around each connector at the start of
its removal/replacement sequence. Spacing shall be measured from the
outermost portion of the connector, i.e., from the backshell, strain relief
clamp, dust cover or EMI/RFI shield. Where high torque is required to tighten
or loosen the connector, space shall be provided for use of a connector
wrench.

5.9.14.9 Testing and servicin., The rear of plug connectors shall be
accessible for testing and servicing, except where precluded by potting,
sealing, or other requirements.

5.9.14.10 Drawer modules. Drawer module3 designed for "remove and replace"
maintenance shall be provided with connecti.s mounted on the back of the
drawer and mated with connectors in the cabinet to accomplish electrical
interconnection between the drawer, other equipment in the rack and external
connectors, where feasible. Guide pins or equivalent devices shall be
provided to aid in alignment.

5.9.14.11 Electronic Moules. Replacement electronic items (e.g., modules
and high-failure-rate components) should be provided with simple plug-in,
rack-and-panel type connectors.

5.9.14.12 Disassembly and adapters, Disassembly of connectors to change
pin connections siould be pfored Without special tools. When adapters are
required, they shall be capable of being hand-tightened,

5.9.14.13 Protective covers. If protective covers are required, captive

types shall be used.

5.9.15 Test points.

5.9.15.1 k. Test points shall be Tocated sufficiently close to
the controls and displays used in the adjustment so that maintainer
place-to-place movement is not required during the adjustment process. Test
points for adjustment shall be physically and visually accessible in the
installed condition by the maintainer without removing other items.

5.9.15.2 Trouble-shooting. Sufficient test points shall be provided so
that it will not be necessary to remove subassemblies from assemblies to
accomplish trouble-shooting.
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5.9.15.3 Marking and color coding. Marking and color coding shall conform
to MIL-STD-415.

5.9.16 Test equipment.

5.9.16.1 Storage. Adequate storage space shall be provided within portable
test equipmenitits handling case, or lid to contain leads, probes, spares,
manuals, and special tools, as required for operation.

5.9.16.2 Instructions. Instructions for operating portable test equipment
shall be provided on the face of the test equipment, in a lid, or in a special
compartment. Instructions shall be directly readable while test equipment Is
being operated. Periodic calibration records including tolerance check values,
shall be placarded on the equipment where appropriate. Where applicable, the
instructions shall include a reminder to calibrate the equipment and
calibration procedures.

5.9.17 FaItlure indications and fuse requirements.

5.9.17.1 Indication of equipment failure.

5.9.17.1.1 Power failure. An indication shall be provided to reveal when
power failure occus (see.2.2.1.4). All mission essential electronic
computer and peripheral components which are part of a system shall
incorporate an automatic self-check diagnostic of software and hardware at
power up and at the request of the operator to assure they are functioning
properly.

5.9.17.1.2 Out-of-tolerance. A display shall be provided to indicate when
an equipment itRIW h afleaBr is not operating within tolerance limits.

5.9.17.1.3 Critical malfunctions. If equipment is not regularly monitored,
an audio alarm shall be provIded to indicate malfunctions or conditions that
would cause personnel injury or equipment damage. If auditory alarm would
compromise covert operation of equipment, alert shall be a visual display.

5.9.17.2 Fuses and circuit breakers.

5.9.11.2.1 General. A positive indication shall be provided to reveal that
a fuse or circitreaker has opened a circuit.

5.9.17.2.2 Replacement and resetting. Fuses shall be readily accessible
for removal and replacement. No other components shall require removal in
order to gain access to fuses. No special tools shall be required for fuse
replacement unless required by safety considerations. When resetting of
circuit breakers is permissable, and is required for system operation during a
mission, the breakers shall be located within reach of crew members in their
normal operating poSture.

5.9.17.2.3 Markings. Equioment served by the fuse or circuit breaker shall
be identified Tn accordance with section 5.5. The current rating of fuses
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MI L-STD-1472D. shall be permanently marked adjacent to the fuse holder. In addition,"SPARE" shall be marked adjacent to each spare fuse holder. Fuse ratings

shall be indicated either in whole numbers, common fractions (such as/4 A), or
whole numbers and common fractions (such as 21/4A). Labeling of fuses and
circuit breakers shall be legible in the anticipated ambient illumination
range for the operator's location.

5.9.17.2.4 Circuit breaker controls. Toggle bat dnd legend switch actuated
circuit breakers may be used to control electrical power. Push-pull type
breakers shall not be used as power switches.

5.9,17.2.5 Circuit breaker dimensions and separations. Dimensions and
separation for toggle bat actuated breakers should comply with Figure 13.
Legend switch actuated breakers should comply with the dimension and
separation criteria shown in Figure 14. Push-pull actuated circuit breaker
separation should comply with Talile XI.

5.9.18 Printed circuit boards, Printed circuit boards shall be designed
and mounted for ease of removal and replacement, considering such factors as
finger access, gripping aids and resistance created by the mounting device.
Appropriate feedback shall be provided to insure that the technician knows
when the board is securely connected. Printed circuit boards shall be
identified in accordanc with MIL-STD-130 and reference designations for parts
mounted on the printed circuit board shall be provided in accordance with.MIL-STO-454, Requirement 67.
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MIL-STO-1472D. 5.10 Design of equipment for remote handlin.

5.10.1 Characteristics of equipment to be handled remotely.

5.10.1.1 Alignment. Self-alignment devices shall be provided for
components whilchmuit be joined remotely,

5.10.1.2 Disconnect. Quick-disconnect devices shall be provided to reduce
remote-handl i ng difficulties.

5.10.1.3 Fasteners. All fasteners shall be captive and readily replaceable
by remote-handling techniques.

5.10.1.4. Lock and latching mechanisms. Each lock or latching mechanism
shall be operable from a single point, have a positive catch, and provide a
clear visual indication of the latch position.

5.10.2 Feedback. Provision shall be made for transmitttng information from
remote work areas to the operator of the remote-handling system. Visual
information shall be regarded as most critical, followed, in order, by
kinesthetic, tactual, and auditory feedback.

5.10.3 Manipulators.

. 5.10.3.1 Safety. Power manipulators shall be provided with positive stops
to prevent acceints.

5.10.3.2 Characteristics. For tasks which require manipulative dexterity
and load capacities of less than 10 kg (Z2 lb) manipulators with the following
characteristics should be provided:

a. Position control (i.e., zero-order control in which the operator's

control output directly determines tne machine output).

b. Mutual force reflection between control and effector.

c. Seven degrees of freedom in motion and force control (i.e., three for
translation, three for rotation, and one for gripping).

5.10.3.3 Power assist. For tasks involving gross positioning of loads
heavier than iO kg (22 Ib), electrically or hydraulically powered manipulators
with rate control should be provided (i.e., the operator's control output
directly determines the rate of change of the machine output).

5.10.4 Viewing equipment.

5.10.4.1 General. A viewing system shall be provided which gives the
operator of remote manipulator adequate information with respect to the
three spatial coordinates of the workspace (i.e., X, Y, and Z).
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5.10.4.2 Direct viewing. When permitted by shielding requirements,
provision shall be made for the operator to view the work directly through
shielding windows.

5.10.4.3 Viewing angle. In order to avoid distortion, requirements shall
be minimized for direct Viewing of objects either near the viewing window or
at line-of-sight angles at incidences greater than 60 degrees.

5.10.4.4 Indirect viewing. Applicable viewing systems, such as closed
circuit television systems, periscopes, and microscopes, shall be provided to
supplement direct viewing, where required by specific remote-handling
situations.

5.10.4.5 C . Symbol-or pattern-coding should be used in preference to
color-codin orelevision viewing.

5.10.4.6 Lettering. Letters, numbers, and important details which must be
viewed by means of television shall be light against a dark background.
Glazed or reflecting surfaces shall be avoided.

5.10.4.7 Stereo viewing. The two images produced by a stereoscopic
periscope sha not differ more than 2% in magnification or 0.50 prism diopter
in vertical imbalance. Horizontal imbalance shall be not greater than 0.50
prism diopter so as not to be fatiguing. Light transmittance of the two
optical paths should be within 10% of each other.

5.10.5 Illumination,

5.10.5.1 Reflected light. Lighting provided in remote work areas shall be
such that refleced light, as measured at the operator's work station (in
direct viewing), will conform with the requirements of this standard, or as
otherwise specified by the procuring activity.

5.10.5.2 Threshold viewing. Monochromatic lighting should be provided when
viewing condiions are near threshold, when high magnification powers are
required, or when the operator is required to view the work at high angles of
incidence through refractive materials.
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O S .11 Small systems and equipment.

5.11.1 Portability and load carrying. Individual portions of equipment
shall be designed so that, when carried, the weight of the load will be
distributed through as many muscle groups as possible. Pressure should be
avoided or minimized on sensitive areas, including large blood vessels, nerves
and areas lacking muscular padding. Design of load-carrying systems shall
consider the weight and distribution of individual items to be carried by the
user. The weight of the items to be carried varies according to the climatic
zone, mission to be performed, and occupational specialty. See Table XXVI
for weights of representative individual items that an infantry rifleman
carries in temperate hot weather areas. Load carrying systems shall be
provided with a quick-release capability.

5.11.1.1 Portability.

5.11.1.1.1 W . Individual portions of equipment may weigh up to 16 kg
(35 lb) if the- Toais balanced and is distributed ever many muscle groups and
it is not necessary for the individual carrying the load to maintain the pace
of an infantry movement.

5.11.1.1.2 Lifting aids. When necessary, lifting aids shall be provided to
permit a seconT Person to assist the porter in placing the load on the body.

5.11.1.1.3 Configuration. The load should be designed to permit freedom of
movement. The shape of the load should be free of sharp edges or projections
that may be harmful to the porter or snag on undergrowth. The shape and weight
of the load should not interfere with:

a. The length of step.

b. Movements of the head.

c. The ability to raise and lower the load when going over obstacles.

d. The ability to see where the feet are placed when walking.

e. The ability to squat.

f. Regulation of body temperature.

g. The maintenance of normal posture.

5,11.1.1.4 Carryng by two persons. Where the load is designed for
carrying by two persons, a combination of stretcher type handles and shoulder
support should be used, if feasible.

5.11.1.1.5 Standardization. Maximum use should be made of standard load
carrying systems or components.
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TABLE XXVI-. TYPICAL FIGHTING AND EXISTENCE LOADS (TEMPERATE ZONE)

APPROXIMATE WEIGHT

LOAD KILOGRAMS POUNDS

FIGHTING LOAD

CLOTHING:

PASOT Hainet 1.36 300
ote Dns Uniform 1.73 3.81

PASGT Vest 3.86 8,50
Underwuar (Summer) and Socks 0.27 0.60
Belt; w t, web w/backe 0.00 0.20
Boots, lether (DMS) 1.52 3.3

8.83 19.47

EQUIPMENT:
RIfle M16A1 w/30 rd magazine and ling 3.59 7.91
Ammunition pouches (2 *a) w/180

rounds in 6 magnes 3.21 7.07
Hand grenads 2 *a 0.91 2.00
LAW 2 el or ILAW 1 l 3.86 8.50
Canteen 1 qt filled wicup and cover 1.63 3.60Canteen 1 qt filled w/cover 1.36 3.00
Water purification tablets 0.03 0.06
Individual equipnmnt belt, fint aid

psclat W/Ge and suspenders 0.72 1.50Intenhing ool w/carrit 1.14 2.52
Bayonat M7 wtescberd 0.59 1.30
Mak CS Protective w/hood 1.3 2.97
Pondho 0.77 1.7

10.25 42.22

EXISTENCE LOAD:
ALICE Pack medium w/smaps 1.12 2.46
Chemical Protective ovega ant

w/gloves and boots 2.l 5.75
Cap, utility 0.10 0.22
Underweerud ks, 2 0.54 1.20
Personal Hygiene Kit 1.20 2.64
Rations MCRE 3 a 1.33 2.94
Beg Sleeping, Intermediate cold 3.40 7.50
Mattess. pneumatic Insulated 1.59 3.50
Jacket Field, I es w/glovee, leathir

w/wool insert 1 pr 1.94 4.28
Be@6 wawepeof I s 0.34 0.76

14.17 31.24
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5.11.1.2 Transportability by personnel. Systems which include a
requirement for transportability by personnel shall conform to the following
provi sions:

5.11.1.2.1 Weight. Individual portions of equipment should be designed to
weigh as little as possible if the system is to be manually transported by an
individual on foot while maintaining pace with an infantry movement.

5.11.1.2.2 Loadcarrying. The total load carried by an individual,
including clot , weapons and equipment for close combat operations should
not exceed 30% of body weight and, for marching, 45% of body weight. Where
personnel with 5th percentile body weight must be accommodated, the total load
for close combat operations should not exceed 16.3 kg (36 Ib) and, for
marching, 24.5 kg (54 lb).

5.11.1.2.3 Lifting aids.

a. Units for which no back-packing aids are required shall be equipped
with handles suitable for two-handed lifting and carrying.

b. The provisions of sections 5.9.11.5.1, 5.9.11.5.3, and 5.9.11.5.5
shall apply.

c. One-person back-packed loads over 20 kg (44 lbs) shall be designed,. and, if necessary, provided with lifting aids to permit a second person to
assist the porter in placing the load on the body.

5.11.1.2.4 Back-Backing aids. Back-packing aids shall be designed to
distribute the oad over as many muscle groups as possible by means of buttock
and hip supports in addition to padded shoulder straps. Backpacking aids
shall be designed to bring the center of gravity of the load as close to the
porter's spine at the waistline as possible, without any part of the load
actually contacting the body. Load-carrying design shall minimize application
of pressure or compression to the chest or armpits and eliminate local strain
by transmitting weight to the ground through bone. Aids shall not produce
laterally unbalanced loads, interfere with normal head movements, limit
squatting, interfere with walking or climbing over low obstacles, interfere
with movements of the shoulder girdle, produce strain on the shoulder muscle
or interfere with regulation of body temperature.

5.11.1.2.5 Pro ections. Loads shall be designed with a minimum of
projections to-prevent Injury to personnel or entanglement in undergrowth.
Covers or cases may be provided to meet this requirement, as specified by the
procuring activity.

5.11.1.2.6 Standardization. See 5.11.1.1.5.

5.11.2 Tracking.
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5.11.2.1 Gunner environment. Obscuration, shock and vibration should be so
minimized as to permit resumption of tracking rapidly after firing, where
requi red.

5.11.2.2 Crank size. The size of tracking cranks, where used, shall be a
function of rotation speed required. Within the parameters of Figure 10,

a. Maximum speed should be between 140 to 200 RPM.

b. Crank radius should be between 55 mm (2.2 in) and 115 mm (4.5 in):

(1) High RPM requirement: smaller crank radius.

(2) Low RPM requirement: larger crank radius.

5.11.2.3 Two-dimensional tracking. A single control should be used for
two-dimensional tracking rather than separate controls for each dimension.

5.11.2.4 Supports. Where a joy stick is used for tracking, a hand, wrist,
or forearm support (as appropriate) should be provided.

5.11.2.5 Compatibility. Movement of the tracking control shall be
compatible OFF expected or conventional control movements.

5.11.3 Optical instruments and related equipment.

5.11.3.1 General. This section pertains only to direct-view, yisual
optical systems. The information is presented in order that human
capabilities and limitations can be considered in the design, engineering,
operation and maintenance of military optical equipment. Detailed instrument
parameters, characteristics, etc., shall be a function of governing military
applications and user requirements.

5.11.3.2 Visual accommodation. Any adjustment of the eyes beyond normal
!unctional ablify y h not e requt red.

5.11.3.3 Viwnang. Optical instruments shall be oriented so that they
are presented to the operator at an angle comfortable for viewing.

5.11.3.4 Maniiction.

5.11.3.4.1 General. Instrument magnification shall be sufficiently high to
permit perform e-oT the required application, such as detection,
recognition, identification, laying, etc.

5.11.3.4.2 Unstabilized, unsupported handheld sights. Because of hand
tremors and body motion, magnification of unstabilized, unsupported handheld
sights should not exceed the following:
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a. Rifle and pistol telescopic sights: 4 power.

b. Monoculars or binoculars: 8 power.

5.11.3.4.3 Multiple magnification requirements. If more than one
magnification is required, two or more discrete magnifications should be
provided for optimum image quality and boresight integrity. Varifocal (zoom)
systems should be considered for use only in systems where sighting accuracy
is relatively unimportant and it results in overall simplification.

5.11.3.5 Field-of-view. Field of view shall be compatible with intended
use and optical-mechanical design limitations.

5.11.3.6 Entrance Puil. The entrance pupil shall be equal to the product
of the magnif ion and the exit pupil diameter and, therefore, defined by
these parameters.

5.11.3.7 Exit pupil.

5.11.3.7.1 General. The diameter of the exit pupil should be consistent
with intended use and size/weight limitations.

5.11.3.7.2 Daylight. For daylight application the exit pupil diameter
should not be Tess-than 3 mm (0.12 in).. 5.11.3.7.3 Low light levels. For maximizing performance at twilight and
lower light levels, the exit-pupil should be not less than 7 mm (0.28 in).

5.11.3.8 Eyerelief. A long eye relief e.g., 25 mm (1 in), is ordinarily
desirable for vehicular mounted sights to provide the observer protection from
gun recoil, to observe on the move, and to afford some field-of-view while
wearing a protective mask, The required eye relief depends upon the
particular application, but shall be at least 15 mm (0.6 in) to permit use by
observers wearing glasses, when recoil is not encountered.

5.11.3.9 Eyepiece adjustments.

5.11.3.9.1 4-Power and less. Fixed focus eyepieces set between -0.50 and
-1.00 diopter may be utilized for instruments 4-power and less,

5.11.3.9.2 Over 4-power. Eyepiece dioptric (focusing) adjustments
(-4 to +2 diopters required, -6 to +2 diopters desired) shall be provided and
marked in 0.5 diopter increments on all instruments over 4-power magnification.

5.11.3.10 OptIcal quality.

5.11.3.10.1 Axial resolution. Axial resolution shall be equal to or better
than 300 prad (1 min) divided by the magnification to provide an eye-limited
instrument.
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5.11.3.10.2 Luminous transmission. Luminous transmission should be as high q
as possible, preferably greater than 50%.

5.11.3.11 Reticles.

5.11.3.11.1 Line thickness. Reticle lines shall be thin enough so as not
to obscure targets, but thick enough to be easily seen. Reticle lines should
subtend a minimum of 600 Prad (2 min) at the eye.

5.11.3.11.2 Patterns. Reticle patterns should be as simple as possible and
restricted to one main mission (e.g., major weapon ballistic scales) per
reticle glass. Additional patterns should be on separate reticle glasses if
added complexity is warranted for the particular application.

5.11.3.11.3 Format. Line reticles should be used in preference to reticles
containing one, two, or three central spots. A small cross or very small
circle should be used in preference to a dot.

5.11.3.11.4 Parallax. The reticle should be focused to the target range of
primary interest-tolimit the parallax to an acceptable value throughout the
usable range.

5.11.3.12 Illuminated sights and reticles.

5.11.3.12.1 Night operations. Illuminated reticles shall be provided for
sights to be used during twl7ght or night operations.

5.11.3.12.2 Color. Blue shall not be used as the color of illumination for
reticles or sig9Wti

5.11.3.12.3 Dimming. It shall be possible to gradually lower the luminance
of a sight until it is extinguished.

5.11.3.12.4 Illumination Jevel. The illumination level of a sight (once an
adjustment is mde) shall renal, fixed under all conditions of vibration.

5.11.3.12.5 Unifomiy. Illuminated sights shall be evenly illuminated by
means of an opal diffuser or similar device.

5.11.3.12.6 Reticle lines. Reticle lines for illuminated sights should be
150 urad (0.5 min) visual angle or more in thickness. They shall be thin
enough so as not to obscure targets, but thick enough to be easily seen. In
any case, their thickness should not exceed 600 prad (2 min).

5.11.3.13 Binoculars/bioculars.

5.11.3.13.1 Biocular viewing. Where continuous use of a sight under low
levels of illumThnMon wil ' exceed one minute, the single optical train shall
be provided with two eyepieces, if this does not lead to unacceptable light
losses.
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. 5.11.3.13.2 Eyepiece separation. Binocular/blocular instruments should
have an eyepiece separation scaled from 50 to 73 millimeters with one
millimeter interval markings.

5.11.3.13.3 Magnification differences. Magnification differences of the
two barrels should not exceed 2%.

5.11.3.13.4 Luminous transmission differences. Luminous transmission
differences of the two barrels should not exceed 5%.

5.11.3.13.5 Matched oculars. To avoid size differences in the images
supplied to the two eyes, hence eyestrain and headache or both, oculars shall
be matched in focal length, i.e., shall be matched pairs.

5.11.3.13.6 Weight. Weight of handheld binoculars/bioculars should not
exceed 1 kg (2.2pounds) and shall not exceed 1.5 kg (3.3 pounds).

5.11.3.13.7 Size and configuration. Instrument size and configuration
shall be compatible with anthropometric requirements of 5.6.

5.11.3.14 Eyecups and headrests. Any optical instrument requiring steady
orientation of the eyes shall be provided with a headrest or eyecups, or both.

5.11.3.14.1 E . Eyecups shall be provided to maintain proper eyeS relief, eliminaTI-str-y light and, when required, to protect or cushion the
eyes and orbital region against impact with the eyepieces. The radii of
Figure 49 define a surface of revolution within which a satisfactory
symmetrical eyepiece and cup must be designed if interferences with facial
features are to be avoided. These should be applied to cushion forms when
they are compressed to the maximum,

5.11.3.14.2 Headrestsbrowpads. A headrest or brow pad shall be used to
absorb energy which wouldbeiiinJurious to the operator's head.

5.11.3.14.3 Compatibility with clothin and personal equipnt. Eyecups
and headrests s1 be compatible with-helmets, protective masks, and other
clothing and personal equipment.

5.11.3.15 Accessories.

5.11.3.15.1 Filters.

5.11,3.15,1.I General. Light filters, removable from the optical path,
should be provideZ --oeduce glare, light intensity, or protect the observer's
eyes against hazardous light levels. Provisions should be made for filter
stowage, where applicable.

5.11.3.15.1.2 Use. Use of color or neutral density filters will depend
upon the applicatfi{i. For use in observing bright light sources, neutral
filters should be considered for reducing overall brightness without affectingO contrast. The use of polarizing filters should be considered where is it
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. necessary to reduce glare and increase apparent contrast from sun, snow, or
water.

5.11.3.15.2 Shutters. Shutters having closure and reopening times
appropriate for each application may be provided in lieu of fixed filters to
protect the observer exposed to flashes from weapon systems, lasers or nuclear
devices. Shutters for protection from the observer's own weapon system flash,
which may be actuated just before the weapon is fired, shall not disturb the
lay of the weapon before closing nor unnecessarily impede the observation of
the projectile flight path or resultant impact.

5.11.3.15.3 Positioning aids. Level vials, scales, pointers and other
devices required for positioning the instrument shall be readily visible and
protected from damage of displacement.

5.11.3.16 Environmental conditions. Carrying/transport cases should be
provided for instruments to be andcarried or mounted/dismounted separately,
Instruments to be utilized under severe environmental conditions should be
designed to take into consideration the special clothing, headgear, protective
masks or other ancillary equipment reqvired by the operator, affecting
controls, eyepieces, eyecups, headrests and other operator interfaces.

5.11.3.17 LIghtin2. Means shall be provided for illumination of internal
and external scals level vials, etc., under low light level conditions.
Continuously variable control of illumination shall be provided as required by. weapon system characteristics. Illumination under low light level conditions
shall be designed to minimally affect the dark adaptation of the observer, Red
illumination or red filters should be used to maintain dark adaptation.

5.11.3.18 Maintenance.

5.11.3.18.1 Modular design. When practical, optical equipment should be
developed uti lln mogdul ar design to provide for interchangeability of
optical subassemtbl ies.

5.11.3.18.2 Positioning aids. Built-in aligning devices and other aids
should be used wherever possible for ease of positioning optical assemblies
within an instrument or optical modules that have multiple applications in
equipment.

5.11.3.18.3 Quick release. Quick-release methods of removing optical
instruments shouldR usd wherever practical.

5.11.3.18.4 Collimation. Optical inst~uments should be provided with
built-in collimatonfeatures to allow field adjustment.

5.11.3.18.5 Purging and charging,. Where periodic purging and charging of
optical instr nts are required, an instruction plate, indicating time interval
and pressure requirements shall be provided on the instrument. Purging and
charging fittings shall be accessible for required maintenance.
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0
5.11.3.18.6 Component replacement. Internal components such as light bulbs

that require frequent repl acement, checkout or maintenance should be easily
accessible, removable without special tools, and replaceable without removal
or disassembly or other components. Components that require frequent
replacement and frequently used special tools and/or equipment shall be
readily accessible. Provision should be made for storage of such components
and tools in or on the specific equipment. This particularly applies to items
such as light bulbs whose failure could make the instrument inoperable.

5.11.3.18,7 Boresightin.

5.11.3.18.7.1 Positive locks. Boresight knobs shall be provided with a
positive lock. (The bresightinS settings shall not be changed when locking.)

5.11.3.18.7.2 Lock-unlock resistance. Boresight knob locks shall not
require more than 45 N (16 pounds)-resistance to lock and unlock.

5.11.3.18.7.3 Adjustment operation. Boresight adjustment knobs should be
capable of being locked, unlocked, and adjusted by suitably clothed and
equipped users with hand dimensions varying between the 5th and 95th
percentiles.
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5.12 Operational and maintenance ground/shipboard vehicles.

5.12.1 General. Handles, levers, pedals, knobs, and workspace dimensions
shall be designed to enhance effective vehicle operation by suitably clothed
and equipped users with relevant body dimensions varying between 5th and 95th
percentiles. (See 5.6.1.)

5.12.2 Seating.

5.12.2.1 Dimensions and clearances. Seating for vehicle operators should
follow the dlme nons 'and clearances recommended in Figures 50 and 51 and
Table XXVII as applicable.

5.12.2.2 Vertical adjustment. If the seat's height above the floor is
variable, requirements for leg room and footrest will also vary. When the
seat is adjusted higher, there will be more leg room and larger footrest
angles.

5.12.2.3 Horizontal adjustment. Seats shall adjust at least 150 mm (6 in)
in the fore-aft direction.

5.12.2.4 Back-rest angle. Back-rest angle should be not more than
1920 mrad (1I0 ) from horizontal. If only the lumbar area is supported, the
backrest angle of tilt should be 1660 to 1745 mrad (95 to 100") for operatorsO in an alert position.

5.12.2.5 Seat pan, The seat pan shall be flat and made from a rigid
material.

5.12.2.6 SLpaddfn. Seat padding should be kept to a minimum, but it
should be resiliet enough to keep the operator's body from contacting the
seat bottom during severe vibration. Seat padding made of foam-type material
should be adequately ventilated.

6.12.2.7 Seat belts. All administrative type vehicles shall have safety
seat belts. E lt's should be installed on other type vehicles except when
they interfere with operational requirewents.

5.12.3 ControlS.

6.12.3.1 Ons.. Controls shall be designed so as not to be adversely
affected by distortion, shock or vibration of the vehicle.

5.12.3.2 t eern. In case of power steering assist failure, the steering
gear shall af T e operator sufficient mechanical advantage to guide the
vehicle during an emergency stop or during low-speed operation (See Table IX
for quantitative data.)

5.12.3.3 Pedals. Foot pedals shall be designed to accept the weight of the
operator's f-oi-fthout initiating control action.
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A 460-510 -nm1fl~ 460 m(1r) min A
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FIGURE -50. a)iMENSIONS FOR VEHICLE OPERATOR'S SEAT
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FIGURE 51. RECOMMENDED CLEARANCES AROUND EQUIPMENT
OPERATOR'S STATION (See Table XXV1I)
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TABLE XXVII , RECOMMENDED CLEARANCES AROUND EQUIPMENT
OPERATOR'S STATION TO ACCOMODATE THE 95th PERCENTILE
SOLDIER DRESSED IN ARCTIC CLOTHING. OPERATOR SEAT IN
REAR MOST POSITION (Figure 51)

A. ELBOW (DYNAMIC) 910 mm (36 in.)
B. ELBOW (STATIC) 710 mm (23 In.)
C. SHOULDER 50 mm (23 In.)
0. KNEE WIDTH (MINIMUM) 460 mm (18 in.)
-.. KNEE WIDTH (OPTIMUM) 810mm ( at inj
F. BOOT - PROVIDE ADEQUATE CLEARANCE TO OPERATE BRAKE

PEDAL WITHOUT INADVERTENT ACCELERATION OPERATION lIP mm (5 in.)
G. PEDALS (MINIMUM) 50 mm (2 in.)
H. BOOT - PROVIDE ADEQUATE CLEARANCE TO OPERATE

ACCELERATOR WITHOUT INTERFERENCE BY BRAKE PEDAL 150 mm I6 in.)

1. HEAD (SARP TO ROOF LINE) 1070 mm (42 In.)
2. ABDOMINAL (SEAT BACK TO STEERING WHEEL) 410 mm (16 In.)
3. FRONT OF KNEE (SEAT BACK TO MANUALS/CONTROLS

ON DASH) 740 mm (29 In.)
4. $SAT DEPTH (SEAT REFERENCE POINT TO FRONT EDGE

OF SEAT PAN) 410 mm (16 In.)
5. THIGH - UNDER SIDE OF STEERING WHEEL TO SEAT PAN 40 ow (9A I.)
6. SEAT PAN HEIGHT 360 mm (15 In.)
7. 9DT (FRONT OF SEAT PAN TO HEEL POINT OF

ACCILERATOR) 360 mm (14 I.)
S. MINIMUM MITTEN CLEARANCE AROUND STEERING WHEEL 75 mm (3 In,)
9. KNEE - LEG - THIGH (BRAKE - CLUTCH PEDAL) TO LOWER

EDGE OF STEERING WHEEL 6M0 mm (26 In.)
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5.12.3.4 Control of hazardous operations. The operation of switches or
controls which initiate hazardous operations shall require the prior operation
of a locking control.

5.12.4 Operating instructions.

5.12.4.1 Provision of operating instruction. Operating instructions shall
be provided for all vehicles and vehicle equipment, except where the mode bf
operation will be obvious to all potential operators.

5.12.4.2 Format. Information shall be presented in the form of diagrams
whenever possible.

5.12.4.3 Speed notice. Maximum permissible road speeds in each gear and
range shall be indicated. On vehicles for which all road speeds are limited
by engine speed, a red line on the tachometer (if so equipped), at maximum
engine RPM, may be used in lieu of a speed placard.

5.12.4.4 Shift handle positions. Operating positions of shift handles,
such as transmission, power take-off, winch-control, and transfer case
mechanisms shall be illustrated.

O 5.12.4.5 Control movements. Control movements shall be shown in planes
parallel to the movement of the actual control s.

5.12.4.6. General labeling criteria. Identification and instruction
markings shall conform with the criteria for labeling contained in this
standard.

5.12.5 Visibility.

5.12.5.1 Night operation. Indicators required by the vehicle operator
during night operaiion shall be illuminated. The display luminance shall be
adjustable from 0.1 to 3.5 cd/m 2 (0.03 to 1.0 ft-L). Blackout lighting
systems, if required, shall be designed to preclude accidental operation of
external lights and signals.

5.12.5.2 Visual field. The operator shall have forward visibility through
a lateral visual-field of at least wrad (1800) and preferably 3840 mrad
(22o).

5.12.5.3 Ground view. Trucks should be designed to enable the operator, in
the normal operating position, to view the ground at all distances beyond 3 m
(10 feet) in front of the vehicle. When necessary, mirrors may be used to
meet this requirement, if tactical requirements permit. Upward visibility
shall extend to at least 260 mrad (150) above the horizontal.
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5.12.5.4 Rear view (vehicle). Side and rear enclosures should be designed
to permit the operator to view the rear of the vehicle in order to observe the.
load and to facilitate trailer attachment and backing maneuvers. If mirrors
are used to meet this requirement, they shall conform to Requirement 111 of
MIL-STD-1180.

5.12.5.5 Rear view (roadL. A glare-proof, west coast type and spotter
rearview mirror shall be provided on each side of the cab, located in such a
manner as to afford the operator rearward vision from the normal operating
position. Outside rear view mirrors for automotive vehicles should conform to
Requirement 111 of MIL-STD-1180.

5.12.5.6 Glare. Appropriate use shall be made of visors or other means to
preclude performance degradation due to glare from external sources such as
sunlight or headlights except that windshields or other transparent areas
through which high acuity vision is required shall not be tinted or colored.

5.12.'5.7 Windshields and windows. Transparent materials selected for
windshields and windows shall be shatter-proof and shall neither distort nor
obscure vision.

5.12.5.8 Windshield wipers pnd washers. Windshield wipers and washers
shall be provided. Blades shall return to the stored position when turned
OFF. Provision shall be made for manual operation in event of power failure.

5.12.5.9 Fork lifts. The configuration of fork lift mechanisms and fork
lift truck cais i5alpermit the operator to have direct view of the tips of
the forks in all typical modes of material loading and in all likely operator
positions.

5.12.6 Heating and ventilation.

5.12.6.1 baing. The crew compartment shall be provided with a heating
system capable-of maintaining temperatures above 20C (68*F) during occupancy
when personnel are not wearing Arctic clothing and exposure is for extended
duration (i.e., more than 3 hours). When arctic clothing is worn, cab heaters
shall be capable of maintaining a reference temperature of not less than 50C
(410F) at the minimum ambient design temperature with the vehicle moving at
two-thirds maximum speed and the defrosters operating at maximum capacity.
The reference temperature is measured 610 mm (24 ") above the seat reference
point of each operator/passenger position. Air temperatures around any part
of the operator/passenger's body shall not vary nore than 5C ( gF). The
heater shall achieve these requi-ements tithin one hour after it is turned on.

5.12.6.2 Ventilation. Outside fresh air shall be supplied at minimum rate
of 0.57 m3 (20 ft3)/min./person. Air flow rates for hot-climate operation
(temperatures above 32*C (901F) shall be maintained between 4.2 and 5.7 m3
(150 and 200 ft)/min./person, unless air conditioning or individual
(microclimate) cooling is provided. Air velocity at each person's head
location shall be adjustable either continuously or with not less than three
settings (OFF, LOW and HIGH) from near zero to at least 120 m (400 ft)/minute.
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O 5.12.6.3 Visibility. The heating-ventilating system shall be designed to
minimize degradation of visibility due to frosting or misting of the
windshield.

5.12.7 Trailers, vans, and Intervehicular connections.

5.12.7.1 Trailers.

5.12.7.1.1 Brake controls. Trailer brake controls shall be located so that
an operator can reach thie while restraining or positioning the trailer
manually. The controls shall not be located on the side of the trailer
exposed to road traffic.

5.12.7.1.2 Positioning controls. Component trailers should be designed
with precise positioning controls when the trailer will be used to mate parts.

5.12.7.1.3 Tie downs. Munitions tie-down facilities on stores trailers
shall be designed to Be easily installed and removed.

5.12.7.1.4 Landing gear lock. Landing gear lock and release shall be
capable of being nano or toot-operated.

5.12.7.2 Vans. The criteria herein shall apply to trailer vans and
transportabl-enclosures which serve as shelters for personnel or equipment,

* and which require occupancy by personnel for operational or maintenance tasks
in excess of one hour, on a recurring basis where mission requirements permit:

a. The ceiling height--the distance from the floor to the bottom of any
light, cable run or other protuberance over the aisle or standing work-space--
shall not be less than 1.980 m (780) for vans and shelters, except as follows:
When the occupants seldom stand to perform normal operations, the cel ing
height can be reduced to 1.890 m (74.5") unless otherwise directed by the
procuring activity.

b. The minimum opening for personnel access shall be 1.930 m (76") high
and 760 mm (300) wide. Accesses for equipment shall be appropriate and
convenient for the specific equipment to be transported.

c. Steps, stairs, or ladders shall be provided when van floors are more
than 460 mm (18") above ground level.

d. Access doors of vans shall have provisions for locking doors in open
positions as well as closed positions. Access doors shall have inner quick-
opening releases for all doors.

e. On work spaces such as large personnel-occupied vans or shelters,
intended for use as mobile work spaces, inclinometers shall be provided to
permit readout of front-rear and side-side tilt within 1 2 degrees.

5.12.8 Cranes, materials handling and contruction.
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5.12.8.1 General. Positioning of equipment and loads shall be facilitated
through use of center-of-gravity identification, matching guidelines,
identification of attaching points, detachable probes, etc. Latches on
control levers shall not cause delay in operation.

5.12.8.2 Control labels. All controls used with lifting equipment shall be
labeled as to function and direction of movement.

5.12.8.3 Control placement. The placement of controls shall be within easy
reach of the operator and shall afford optimum visibility of the load at all
times.

5.12.8.4 Foot-operated controls. Foot-operated controls shall not be
selected for precise adjustments or movements. Foot operated brake pedals
that require locking shall lock by foot action alone. For ease of operation,
the pedals shall rise from the depressed position in a backward as well as
vertical movement.

5.12.8.5 Load capacit,. The load capacity shall be indicated on the
equipment, and audible warning devices shall be provided where necesary to
indicate that the allowable load is being exceeded.

5.12.8.6 y4s ilitX. Maximum, unobstructed view of the work, including the
point sheaves O asic boom of a revolving crane at a 3 m (10 ft) radius
shall be visible to suitably clothed and equipped users with relevant body
dimensions varying between 5th and 95th percentiles.

5.12.8.7 Access. Where not otherwise specified herein, access dimensions
for construction machinery shall conform to SAE J925, as applicable.

5.12.8.8 Handholds and footholds. Suitable handholds and footholds shall
be provided to 'facilitate personnel access and movement.

5.12.9 Autootive subsystems.

5.12.9.1 General.

5.12.9.1.1 Drain valves. Vehicles shall be designed to require a minimum
number of drain valves and drain sizes. Drain valves shall be readily
accessible and hand-operable by the full range of user personnel wearing
either arctic or NBC garments. Drain valve handles shall be in line with the
corresponding pipe when ON and perpendicular to the pipe when OFF.

5.12.9.1.2 Filters; Fuel and oil filters shall be located in accessible
positions for 17etE !on and replacement and shall not require the removal of
other parts.

5.12.9.1.3 Adjustment and access. Components requiring adjustment or
replacement, such as distributors, fuel injectors, and fan belts, shall be as
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* accessible as possible. Timing marks and other adjustment indicators shall be
designed to minimize parallax and shall be readily accessible for visual
inspection. Drive belt tensioning devices shall permit access for tensioning
without removal of other components and, if needed, furnished with pry points.

5.12.9.1.4 Battery terminals - Positive and negative battery terminals shall
be of different sizes to prevent Incorrect cable attachment. Terminals shall
be appropriately labeled '+' or "-".

5.12.9.2 Tires.

5.12.9.2.1 Dual tires. Design of dual wheel arrangement shall allow both
the inner and outer tires to be inflated and checked for air. The location of
valves shall permit tires to be inflated and checked when the tires are
interchanged.

5.12.9.2.2 Spare tires. The spare tire shall be capable of being inflated
and checked when-mounted in the stowed position.

5.12.9.3 Turn signal and emergency flasher system. All wheeled vehicles
designed for use on public highways shall be equipped with turn signals and
emergency flasher systems in accordance with MIL-STD-1179.

5.12.9.4 Winches.

5.12.9.4.1 Instruction plates. Instruction plates covering winch operation
shall be mountaed a conspicuous location for operator use.

5.12.9.4.2 Operation. Winch and vehicle power trains shall be capable of
being operated simultaneously; the vehicle forward speed due to straight winch-
line or snatch-block operation should match one of the vehicle power train
speeds to facilitate simultaneous operation.

5.12.9.4.3 Cable unwinding. Winch cables shall be capable of being easily
payed out by one crew member.

5.12.9.4.4 Control location. Winches shall be capable of being operated
from both cab n-d wihnchloations and being observed by the operator during
operation.

5.12.9.4.5 Clothing compatibility. Winch controls at the winch shall be
capable of being operated by personnel wearing Arctic mittens.
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5.13 Hazards and safety.

5.13.1 General. As a part of system equipment design, safety factors shall
be given ma"JTo onsideration, including, as a minimum, the effect.ive
application of the human engineering criteria in other sections of this
standard, together with the representative safety criteria herein.

5.13.2 Safety labels and placards.

5.13.2.1 Warning placards. Conspicuous placards shall be mounted adjacent
to any equipment which presents a hazard to personnel (e.g., from high
voltage, heat, toxic vapors, explosion, radiation).

5.13.2.2 Center-of-2ravity and weight. Where applicable, the center of
gravity and the weight of equipment shall be distinctly marked.

5.13.2.3 Weight capacity. The weight capacity shall be indicated on
stands, hoists, lifts, jacks, and similar weight-bearing equipment, so as to
prevent overloading.

5.13.2.4 Identification of protective items. Areas of operation or
maintenance where special protective clothing, tools, or equipment are
necessary (e.g., insulated shoes, gloves, suits, etc.) shall be specifically
i denti fied.

. 5.13.2.5 "NO-STEP" markings. *NO-STEP" markings shall be provided when
necessary to preventinjury to personnel or damage to equipment.

5.13.2.6 Electrical labels. All receptacles shall be marked with their
voltage, phas, and frequency characteristics, as aoproprlate. For other
electrical labeling and warning requirements, see MIL-STD-454.

5.13.2.7 Hand grasp areas. Hand grasp areas shall be conspicuously and
unambiguously Identified on the equipment.

5.13.3 Pipe, hose and tube line identification. Pipe, hose, and tube lines
for liquids, gas, steam, etc. , shall be clearIy and unambiguously labeled or
coded as to contents, pressure, heat, cold, or other specific hazardous
properties in accordance with MIL-STD-1247.

5.i3.4 General workspace hazards.

5.13.4.1 Alerting device, A hazard alerting device shall be provided to
warn personnel of impending danger or existing hazards (e.g., fire, the
presence of combustible or asphyxiating gas, radiation, etc.).

5.13.4.2 Emergency doors and exits. Emergency doors and exits shall be
constructed so that they:
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a. are simple to operate,

b. are readily accessible,

c. are unobstructed,

d. are simple to locate and operate in the dark,

e. are quick opening in three seconds or less,

f. require 44 to 133 N (10 to 30 lb) of operating force to open.

g. do not themselves, or in operation, constitute a safety hazard.

h. permit one person egress in 5 seconds or less.

5.13.4.3 Stairs. Stairs, including incline, step risers, and treads, shall
conform with st-andard safe design practice. Skid-proof flooring, stair, and
step treads shall be provided. Where conditions warrant special precaution,
surfaces shall conform with the nonslip coating requirements of MIL-W-5044 and
MIL-W-5050.

5.13.4.4 Obstructions. Workspace around areas where maintenance is
performed shall be free of obstructions which could cause injury to personnel,
either through accidental contact with the obstruction or because the
obstruction requires an awkward or dangerous body position.

5.13.4.5 Illumination. Adequate illumination shall be provided in all
areas. Warnin lca rd, stairways, and all hazardous areas shall be
illuminated, in accordance with the recommended levels of Table XXI.

5.13.4.6 Thermal contact hazards. Equipment which, in normal operation,
exposes personnel to surface temperatures greater or less than those shown
below, shall be appropriately guarded. Surface temperatures induced by
climatic environment are exempt from this requirement. Cryogenic systems
shall also be appropriately guarded.

Temperature limits

Exposure Metal Glass Plastic or wood

Momentary contact 60 degrees C 68 degrees C 85 degrees C
(140 degrees F) (154 degrees F) (185 degrees F)

Prolonged contact 49 degrees C 59 degrees C 69 degrees C
or handling (120 degrees F) (138 degrees F) (1S6 degrees F)

Momentary contact 0 degrees C 0 degrees C 0 degrees C
(32 degrees F) (32 degrees F) (32 degrees F)

Prolonged contact 0 degrees C 0 degrees C 0 degrees C
or handling (32 degrees F) (32 degrees F) (32 degrees F)

234



MIL-STD-1472D

0 5.13.5 General equipment-related hazards.

5.13.5.1 Interlocks and alarms. The operation of switches or controls
which initiate hazardous operations (e.g., ignition, movement of a crane,
etc.) shall require the prior operation of a related or locking control.
Where practicable, the critical position of such a control shall activate a
visual and auditory warning device in the affected work area.

5.13.5.2 Access. Units shall be so located and mounted that access to them
can be achie v-wthout danger to personnel from electrical charge, heat,
moving parts, chemical contamination, radiation, or other hazards.

5.13.5.3 Hazardous access. Where access areas must be located over
dangerous mechanicaloTr elctrical components, the access door or cover shall
be designed to actuate an internal light when opened, and a highly visible
warning label shall be provided on the outside of the-door or cover.

5.13.5.4 Edge rounding. Where applicable, all exposed edges and corners
shall be rounded to a minimum of .75 mm (.03 in) radius. Sharp edges and
corners that present a personal safety hazard or potential damage to equipment
during usage shall be suitably protected or rounded to a minimum radius of
13 mm (1/2 in).

5.13.5.5 Safety pins and streamers. Safety pins and streamers shall be

clearly vistland accessible duritng ground maintenance.

5.13,6 Platforms.

5.13.6.1 Locks. Self-locking or other fail-safe devices shall be
incorporated-on-reevating stands, work platforms and "draw bridges" to prevent
accidental or inadvertent collapsing or falling.

5.13.6.2 Handrails, safely bars and chains. Handrails. safety bars, or
chains shl iall~ed arpltorms tsand across stair or step openings
in platforms, ledges, catwalks, etc. Such guards shall be placed 1.070 m
(42 inches) above the standing surface. An intermediate guard rail shall be
provided. Chains shall only be used where it is not feasible to install
handrails or safety bars. Kickboards, 150 mm (6 in) high, shall be installed.

5.13.6.3 Safety mesh. Screen or safety mesh shall be installed on the
underside of rpengratings, platforms, or flooring surfaces where there is a
possibility that small tools, parts or debris may fall through the grating on
workers or equipment beneath the platform.

5.13.7 Electrical,mechanical, fluid, toxic and radiation hazards.

5.13.7,1 Electrical hazards.

5.13.7.1.1 Insulation of tools. Tools and test leads to be used near high
voltages shall be adequateily insulated.
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5.13.7.1.2 Plugs and receptacles. Plugs and receptacles shall be designed

so that a plug of one voltage rating cannot be inserted into a receptacle of 4
another rating.

5.13.7.1.3 Voltage exposure. Equipment shall be designed so that all hot
contacts will be socket contacts.

5.13.7.1.4 Dangerous voltage or current. Guards, grounding, interlocks,
and warning placards shall be provided to minimize the possibility of exposing
personnel to dangerous voltages or currents.

5.13.7.1.5 Ground potential. Equipment shall be designed so that all
external parts; Wth the exception of antenna and transmission line terminals,
will be at ground potential in accordance with Requirement I of MIL-STD-454.

5.13.7.1.6 ElectricallX-operated hand tools. Electrically operated
hand-held power tools shall be designed with three-wire power cords with one
wire at ground potential and shall have exposed surfaces which are either
non-conducting or are electrically connected to the ground wire. "Exposed
surfaces" include cases, grips, handles, switches, triggers, chucks, and other
surfaces which are capable of being contacted during operation. Portable
tools, protected by an approved system of double insulation or its equivalent,
may be used without a ground wire when approved by the procuring activity.

5.13.7.1.7 Electronic eguipment. Electronic equipment safety provisions
shall be in accordance with Requirement 1 of MIL-STO-454.

5.13.7.1.8 Vehicle batteries. All batteries which have a rating greater
than 25 amp hours shall haveterminal guarding to prevent inadvertent
short-circuit. Such guarding shall also prevent short-circuiting of the
battery in spite of clearly improper but possible acts by personnel, such as
placing of tools across terminals, resting a heavy object on the battery
cover, and standing on a battery cover.

5.13.7.2 Mechanical hazards.

5.13.7.2.1 Guards. A guard shall be provided on all moving parts of
machinery and transmission equipment, including pulleys, belts, gears, blades,
etc., on which personnel may become injured or entangled.

5.13.7.2.2 Telescoping ladders. Adequate finger clearance shall be
provided between rungs of telescoping ladders.

5.13.7.3 Fluid hazards.

5.13.7.3.1 Connectors. Each connector utilized in the handling or control
of hazardous fTrTh including propellants, solvents, toxics, hypergolics,
asphyxiants, etc., shall be incompatible with other connectors within the
access area of that connector.
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5.13.7.3.2 Fluid and fuel servicing equipment. Automatic shutoff devices
shall be provided on fluid and fuel service equipment to prevent overflow and
spillage.

5.13.7.4 Toxic hazards.

5.13.7.4.1 General. Personnel shall not be exposed to the concentrations
of toxic substances-Tn excess of the limits specified in either the Department
of Defense (DoD) Occupational Safety and Health (OSH) standards or specialized
standards applicable to military unique equipment, systems or operations.

5.13.7.4.2 Carbon monoxide. Carbon monoxide in personnel areas shall be
reduced to the lowest level feasible. Personnel shall not be exposed to
concentrations of carbon monoxide (CO) in excess of values which will result
In carboxyhemoglobin (COHb) levels in their blood greater than the following
percentages: 5% COHb (all system design objectives and aviation system
performance limits); 10% COHb (all other system performance limits). It is
acceptable to estimate COHb blood levels in personnel by solving the empirical
equation given in paragraph 3.7.5 of MILHDBK-759A. When using the equations
to estimate the percent COHb blood levels for combat vehicle occupants, the
following work stress levels (defined by MIL-HDBK-759A) shall be applied as
appropriate: activities involving weapons fire - level 4; all other mission
activities - level 3. An initial value of COHbo-1.0% shall be assumed for all
estimates.

O 5.13.7.5 Radiation. Radiation emitting systems and equipment require
special consierIIon to minimize hazards to operators and maintenance
personnel. Ionizing radiation exposure rates produced by any device shall not
exceed 0.5 milllroentgens/hr at a distance of 50 mm (2") from any point on the
external surface. Microwave, radio frequency, X and laser radiation limits
shall conform to those specified in Requirement 1, MIL-STD-454. Definitive
and specific data should be obtained from the service agency responsible for
control of personnel exposure to radiation.
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5.14 Aerospace vehicle compartments.

5.14.1 General. Aerospace vehicle compartments shall be designed to
optimize human efficiency, safety, and comfort within the constraints imposed
by system requirements.

5.14.1.1 Windows, canopies, and windshields.

5.14.1.1.1 Visual performance. Transparent areas shall be designed to be
free from col or, distortion, or any other factors that woul d degrade vi sual
performance below the level required for mission accomplishment.

5.14.1.1.2 Multilayered windows. Visual performance shall not be degraded
below the level required for missioii accomplishment by loss of light
transmission or by multireflections resulting from multilayered windows.

5.14.1.1.3 Angle of incidence. When undistorted external vision is
required, the angle of incidence (see 3.3) shall not exceed w/3 rad (600).

5.14.1.1.4 Unobstructed vision. Windows and canopies shall be designed for
optimum unobstructed vision. Width of structural members in the line of
vision should not exceed 56 mm (2.2 inches). Atrcrew vision requirements are
contained in MIL-STD-850.

5.14.1.1.5 Head-u p displays.

O5.14.1.1.5.1 General. Head-up displays shall be compatible with the
capabilities and limTtations of the human visual system. Information
presented on head-up displays shall be limited to critical data which the
operator is required to monitor while simultaneously performing some primary
visual task.

5.14.1.1.5.2 Symbol brightness. Symbols shall be bright enough to be
legible under all expected aient lighting conditions. Symbol brightness
shall not be less than 5000 cd/m 2 (1500 Ft-L) when legibility in direct
sunlight or background luminance of 34,000 cd/m 2 (10,000 Ft-L) is required.
For most high ambient light applications, symbol brightness should be
6,900 - 10,300 cd/M2 (2,000 - 3,000 Ft-L).

5.14.1.1.5.3 Legibility. Sufficient contrast shall be provided to ensure
symbol legibility under all expected viewing conditions.

5.14.1.1.5.4 Field of view. Head-up displays should have a minimum field
of view of 350 mrad (200) in the vertical plane and 490 mrad (280) in the
horizontal plane.

5.14.1.1.5.5 Exit pupil. Head-up displays shall have a minimum exit pupil
(that area within a c6itmated beam in which the entire image formed by an
objective lens is capable of being seen) of 72 mm (2.8").
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5.14.1.1.5.6 Symbol line width. Symbols used in head-up displays shall
have a minimum line with o , mrad (1.7 minutes). For most applications,
symbol line width should be 1.0 *0.2 mrad (3.4 0.7 minutes).

5.14.1.2 Instrument location. Instruments shall be located so that, with
glare shields and bezels in place, they can be easily read by appropriate crew
members.

5.14.2 Crew stations and passenger compartments (all aerospace vehicles).

5.14.2.1 Aircrew stations (aeronautical). Specific design requirements for
pilot and copilot stations are contained in MIL-STD-203, MIL-STD-250,
MIL-STD-411, MIL-STD-783, MIL-STD-850, MIL-STD-1333, MIL-STD-1776,
MIL-STD-1787, MIL-STD-1800, MIL-STD-IB01, MIL-L-5667, MIL-L-85762,
MIL-L-87240, MIL-M-18012, MIL-P-7788, and AFGS-87213A. Human Engineering
design of pilot' and copilot stations not covered in the above documents or
other contractual documents shall be in accordance with the criteria in this
standard. Human engineering design of aircrew stations and passenger
compartments other than pilot and co-pilot stations shall be in accordance
with the criteria of 5.7.

5.14.2.2 Layout for shared work space.

5.14.2.2.1 General. Where applicable, design of compartments shall allow
personnel to sWa-reeuipment, reduce communication requirements, conduct
required face-to-face communications, and minimize mutual interference when
operating equipment which requires more than one operator.

5.14.2.2.2 Location and arrangement of groups. Groups should be located
and arranged to share material, information, and equipment; to simplify
supervision; and to simplify coordination.

5.14.2.2.3 Effects of crew size. Compartment design shall accommodate
requirements for interation and multiple use as crew size grows, including
adequate provisions for comounications; physical access; illumination;
acoustics; air conditioning; traffic flow and free volume; oxygen regulators
and portable units; first aid equipment; emergency egress; personal equipment
storage; oxygen supplies and environmental control; food, water, and waste
management; and rest areas.

5.14.2.2.4 Standing operations. Standing operations shall be limited to
those necessitted by mission requirements.

5.14.2.2.5 Effects of variable gravity. When aerospace vehicle missions
require the perfomance of crew operation, maintenance, and control tasks in
a variable gravity flight regime, design shall include provisions for body
positioning and restraint devices, locomotion aids, and safeguards against
inadvertent displacement of controls and damage to vehicle and to personnel
equipment.
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O 5.14.2.3 Work space dimensions. The following dimensions and those
presented inFigures 23 through 29 and Tables XIII through XIX shall be used
in the design of work places so as to provide adequate clearance. If
environmental conditions require personal protection encumbrances that
necessitate larger clearances, allowances shall be made.

Light Bulky
Clothing Clothing

cm Jin) cm (im)

Minimum height allowance for standing 193 (76) 198 (78)

Minimum height allowance for crawling 79 (31) 86 (34)

Maximum depth of objects which must be 58 (23) 53.(21)
reached into

Minimum width allowance for passing body 58 (23) 69 (27)

Minimum thickness allowance for passing 33 (13) 41 (16)
body

Minimum height allowance for bending or 122 (48) 127 (50)

kneeling

* 5.14.2.4 Seating and restraint.

5.14.2.4.1 General. Seats, contours, positions, and restrains should be
adjustable to "ndiv'dual anthropometric dimensions of shlrtsleeve and pressure
suit environments, survival equipment, armor, and to fore-seeable conditions
and levels of g-loading. Seating or restrains shall provide an adequate
supporting framework for the body relative to the activities that must be
performed. Seats shall be designed for maximum protection under 9-loading and
for comfort, ease of adjustments, and minimum weight.

5.14.2.4.2 Vertical and horizontal (fore and aft) adjustments. Seats shall
have vertical and horizontal adjustnts sUfficient to accommodate suitably
clothed and equipped users with relavant body dimensions varying between 5th
and 96th percentile (see 5.6), without degrading their performance capability.

5.14.2.4.3 Swivel adjustments. Seats capable of being rotated shall
contain at least eight locking positions equally spaced through 2 urad (3600).
The seat shall be capable of being swiveled freely, when unlocked, while
supporting a load of 113 kg (250 lb).

5.14.2.4.4 H . The sitting surface shall be designed to provide a
minimum of 230 mm (9 in) between the sitting surface and the bottom of the
work surface or shelf. (See figure 24)

5.14.2.4.5 Access to foot controls. When seated, the operator shall have. free access to, and actuation of, foot-operated controls.
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5.14.2.4.6 Backrest. Backrest angle shall vary between 85 and 260 mrad(50 and 150) aft of the vertical for the work position and to a maximum of

875 mrad (500) for the rest position. The rest angle shall not exceed an
included angle between seat and backrest of 2375 mrad (136@).

5.14.2.4.7 Armrests. Armrests that are integral with operator's seats
shall be at least 50 mm (2 in) wide and 200 mm (8 in) long and be 190 to
250 mm (7.5 to 10 in) above the seat surface. Modified or retractable
armrests shall maintain compatibility with an associated console. The armrest
shall not interfere with work requirements or emergency procedures.

5.14.2.4.8 Leg room. Knee and foot room shall be provided beneath work
surfaces, Clearances shall equal or exceed the following dimensions:

a. Height: 640 mm (25 inches). (If a foot rest is provided, this
dimension shall be increased accordingly.)

b. Width: 510 mu (20 inches).

c. Depth: 460 mm (18 inches).

5.14.2.4.9 Passenger seats. Where feasible, passenger seats should face
the rear of the vehicre ai-anTshould include a 400 nm (16 inches) walkway space
between the seat pan edge and the back of the adjacent seat.

5.14.3 Personnel ingress and egrss.

5.14.3.1 Hatches for normal exit and entrance. The minimum diameter of a
circular hath Shall be60 imn (30 Inches). The minimum dimensions of a
rectangular hatch or passageway shall be 660 mm (26 inches) wide and 760 mm
(30 inches) high.

5.14.3.1.1 Exitarkings. Exits shall be clearly identified under reduced
lighting conditl Ti Extinstructions shall be legible, brief, and clearly
worded.

5.14.3.2 Handholds and footholds. Suitable handholds and footholds shall

be supplied ;hr eessry~'

5.14.3.3 Tunnels.

5.14.3.3.1 Diameter. The minimum diameter of tunnels shall be 760 mm
(30 in).

5.14.3.3.2 Personal equipment space. Tunnels shall be designed to
permit passage of an operator with personal equipment and clothing.
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. 5.14.3.4 Doors.

5.14.3.4.1 Jamming. Doors shall be designed to minimize the possibility of
jamming.

5.14.3.4.2 Latches. Latch handles should be used in preference to knobs.
The latch handles saill be uniform in size, placement, and operation for
similar applications throughout the vehicle. Correct movement of the latch
handle shall be labeled in accordance with Section 5.5.

5.14.3.5 Inclines and stairs and ladders.

5.14.3.5.1 Angle of incline. The type of structure in relation to angle of
ascent shall be as specified n Figure 33.

5.14.3.5.2 Hand and foot surface. Hand rails or gripping surfaces and
nonslip foot surfaces shall be provided for ladders. Nonslip treads shall be
provided on all stairs. Safety bars or chains shall be installed across stair
or step openings. Handrails or hand holds should be provided when it is
necessary for crew members to move between different locations while the
vehicle is in motion. The handrails or hand hold shall be 915 mm (36 inches)
above the walking surface.

5.14,3.6 Floors. Passage floors shall be provided with nonslip tread or
other high firTcton surface.

5.14.4 Emergency evacuation.

5.14.4.1 General criteria,

5.14.4.1.1 Simlicity. The simplest possible escape mode, consistent with
safety and effectiveness, shall be provided.

5.14.4.1.2 Evacuation time. Emergency evacuation (after crash landing) of
the crew members shall be pssible within 30 seconds, using only one-half of
the exits. Emergency evacuation (after crash landing) of all passengers and
crew members shall be possible within 60 seconds, using only one-half of the
exits. Emergency doors and exits shall be readily accessible, unobstructed,
and quick opening from both sides in three seconds or less.

5.14.4.1.3 Cutaway areas. Areas of the vehicle structure which tan be
chopped through with axes in emergencies shall be clearly marked. Axes shall
be provided and adequately labeled.

5.14.4.1.4 Movable articles. Provision shall be made for securing Movable
articles withi he Vehicle.

5.14.4.1.5 Exterior protrusions, The design of the escape system shall
preclude personnel contact with exterior vehicle protrusions during emergency
evacuation.
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5.14.4.1.6 Evacuation aids. Where hatches or door sills are more than
1.830 m (72 inches) above the ground, evacuation aids such as inflatable
slides, slide poles, ladders, or ropes shall be provided. Ropes, where
employed, shall be attached to the top of openings and stand off from the
structure to permit use by more than one person at a time.

5.14.4.1.7 Handholds. Handholds shall be provided to assist personnel
escape after crash landing or ditching. Handholds shall be designed to
accommodate personnel wearing either lightweight and medium weight gloves or
cold weather gloves and mittens.

5.14.4.2 Escape exits.

5.14.4.2.1 Emergency lighting. Emergency lighting with self-contained
power shall be provided at or near each emergency or normal exit. Lighting
shall be automatically energized when the vehicle is subject to conditions
requiring such light. The fixture shall be turned on or off from a switch
accessible to the vehicle commander. The fixture shall be removable for use
outside the vehicle during emergencies,

5.14.4.2.2 Escape openings. Escape openings shall be smooth-edged and free
of obstructions and shall permit the passage of personnel with necessaiy
survival equipment.

5.14.4.2.3 Ease of operation.. Doors and hatches shall be quick-opening,
easily operated,and have a standard mode of latrh-handle operation throughout
the vehicle.

5.14.4.2.4 Latch-handle actuatiun. Release latch handles on emergetcy
exits shall require no mOre tha10 N (25 lb) of force in lateral direction
or 200 N (45 Ib) pull. This operation should be possible using either hand
and shall require no more than two distinct and different Motions,

5.14.4.2.5 Control rotection. Handles and controls for escape exits shall
oe protected from Inadvertentacts or contacts that are not escape
oriented. Such controls shall not be secured by means af lockwire.

5.14.4.3 EJectlon systems. Where ejection systems are specified, the
following crT tIMT, those containad in MIL-S-9479 for USAF, oo" MIL-S-18471
for USN, shall apply,

5.14.4.3.1 Cloarance. The vehiclt shall be designed to provide adequate
clearance for egres-s of either the ejection seat aid occupant or tne escape
capsule, as applicable.

5.14.4.3.2 Safety harnesses. Personnel safety harnesses shall be easily
adjusted and i ved and shll be designed to preclude interference with safe
ejection.
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. 5.14.4.3.3 Ejection controls. Ejection controls shall be readily
accessible and activation shall be possible with either hand.

5.14.4.3.4 Control protection. Provision shall be made to guard against
accidental activation of ejection controls.

5.14.4.3.5 Safety pins and streamers. Safety pins and warning streamers
for ejection seats and canopies shall be clearly visible and accessible during
ground maintenance.

5.14.4.3.6 Automatic sequencing. The system shall be automatically
sequenced and shall require no further action by the occupant once the escape
control has been activated.

5,14.4.3.7 Survival requirements. The system shall deliver the crew-member
with necessary survival equipment to the ground or water in adequate physical
condition for performance ofthe actions required for survival and rescue.

5.14.4.3.8 Escape capsule. Where escape capsules are specified, the
following additional criteria, and those contained in MIL-C-25969 for USAF, or
MIL-A-23121 for USN, shall apply.

5.14.4.3.8.1 Capsule provision. The escape capsule shall provide for
adequate vision for normal operational duties, limb and head restraint during
the escape sequence, and stowage for survival equipment.

5.14.4.3.8.2 Pressurization. The escape system shall provide for
pressurization ahd ventilation of the capsule. The escape system actuators,
ballistics, pyrotechnics, or any other devices, shall not permit introduction
of noxious or toxic products into the pressurized crew compartment upon
activation.

5.14.4.3.8.3 Alighting impact. The system shall provide shock attenuation
for landing on terrain or water without injury to occupants.

5.14.4.3.8.4 Flotation. The system shall ensure flotation of the capsule
for water survivl, "
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5.15 User-computer interface.

5.15.1 General. Computer programs and equipment interfaces shall provide a
functional interf ace between the system for which they are designed and users
(operators/maintainers) of that system. This interface shall optimize
compatibility with personnel and shall minimize conditions which can degrade
human performance or contribute to human error.

5.15.1.1 Standard procedures. Users shall be provided standard procedures
for similar, logically related transactions.

5.15.1.2 Computer response. Every input by a user shall consistently
produce some perceptible response output from the computer.

5.15.1.3 On-line guidance. Users shall be provided on-line data and
command Indices, anddictionaries, to guide selection and composition for data
and command entries. Definitions of allowable options, system capabilities,
procedures, and ranges of values shall be displayable at the user's request.

5.15.1.4 System status. Users shall be provided information at all times
on system status regarding operational modes, availability, and loads, either
automatically or by request.

5.15.1.5 Log-on procedures. In applications where users must log-on to the
system, log-on shall be a separate procedure that must be completed before a
user is required to select among any operational options.

5.15.1.5.1 Automatic log-on display. Appropriate prompts for log-on should
be automatically displayed on the user's terminal with no special action
required other than turning on the terminal.

5.15.1.5.2 Log-on-feedback. Users shall be provided feedback relevant to
the log-on procedure that indicates the status of the inputs.

5.15.1.5.3 L odelay. If a user cannot log-on to a system, a prompt
should be provide to ex lain the reason for this inability. Log-on processes
should require minimum input from the user consistent with the requirements
prohibiting illegal entry.

5.15.1.6 Lo2-off procedures. When a user signals for log-off, the system
should check pending transations to determine if data loss seems probable.
If so, the computer should prompt for confirmation before the log-off command
is executed.

5.15.1.7 Computerfailure. In the event of partial hardware/software
failure, the program shouidallow for orderly shutdown and establishment of a
check-point so restoration can be accomplished without loss of computing
performed to date.

5.15.1.8 Interaction. Where two or more users must have simultaneous read9 access to the computer program or data processing results from multiple
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personnel-equipment interfaces, the operation by one person shall not
interfere with the operations of another person unless mission survival may be
contingent upon the pre-emption. Provisions shall be made so that the
pre-empted user can resume operations at the point of interference without
information loss.

5.15.2 Data entry.

5.15.2.1 General. Data entry functions shall be designed to establish
consistency of data entry transactions, minimize input actions and memory load
on the user, ensure compatibility of data entry with data display, and provide
flexibility of user control of data entry.

5.15.2.1.1 User pacing-manual. Data entry shall be paced by the user,
rather than by the system.

5.15.2.1.2 Positive feedback. The system shall provide a positive feedback
to the user of the acceptance or rejection of a data entry. Feedback response
times shall conform to 5.15.8.

5.15.2.1.3 Processing dela. Where system overload or other system
conditions will suit in a processing delay, the system shall acknowledge the
data entry and provide an indication of the delay to the user. If possible,
the system shall advise the user of the time remaining for the process or of
the fraction of the process completed.

i.15.2.1.4 Explicit action. Data entry shall require an explicit
completion action; sucha sIthe depression of an ENTER key.

5.15.2.1.5 Validation. Data entries should be validated by the system for
correct format, -legalue, or range of values. Where repetitive entry of
data sets is required, data validation .for each set should be completed before
another transaction can begin. See also 5.15.8.11.

5.15.2.1.6 Softoare-available data. The user should not be required to
enter data alread iavallile to the'software,

5.15.2.1.7 Input units. Data should be entered in units which are familiar

to the user.

5.15.2.1.8 Cursors.

5.15.2.1.8.1 Control. Systems employing cursors shall provide cursor
control capabilit7 Te user should be able to adjust the sensitivity of the
cursor movement to be compatible with the required task and user skills.

5.15.2.1.8.2 Mispl. A movable cursor within the display shall have a
distinctive visual attribute that does not obscure other displayed entities.
When fine positioning accuracy is required, as in some forms of graphic and
image processing applications, the displayed cursor shall include an
appropriate point designation feature (such as crosshairs). The cursor shall
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not move beyond the display boundaries and disappear from sight. If the
cursor is moved by depressing a key, releasing the key shall cause the cursor
to stop moving.

5.15.2.1.8.3 Home position. The home position for the cursor should be
consistent across similar types of displays.

5.15.2.1.8.4 Explicit actuation. A separate, explicit action, distinct
from cursor position, shall be required for the actual entry (e.g., enabling,
actuation) of a designated position.

5.15.2.1.8.5 Consistent positioning. Where cursor positioning is
incremental by disretesteps, the step size of cursor movement shall be
consistent horizontally (i.e., in both right and left directions); and
vertically (in both up and down directions).

5.15.2.1.8.6 Keyboard cursor control. When position designation is
required in a task emphasizing keyed data entry, cursor control should be by
some device integral to the keyboard. If cursor movement is accomplished by
depressing keys, the keys shall be located on the main keyboard.

5.15.2.1.8.7 Movement relationships. The response of a cursor to control
movemerts shall Se consistent, predictable, and compatible with the user's
expe.tations. For cursor control by key action a key labeled with a left-. pointing arrow should move the cursor leftward on the display; for cursor
control by joystick, leftward movement of the control should result in
leftward movement of the cursor.

5.15.2.1.9 Abbreviations mnemonics, and codes. When abbreviations,
mnem.nics, or M R e use to shorten data entry, they shall be distinctive
and have a relationship or association to normal language or specific
job-related terminology. Abbreviations should be the same length, the
shortest possible that will ensure unique abbreviations.

5.15.2.1.10 Explicit delete action. Data deletion or cancellation shall
require an explit action- ;such-as the depression of a DELETE key.

5.15.2.1.11 Change of data. Where a user requests change (or deletion) of
a data item that is noct currently being displayed, the option of displaying
the old value before confirming the change should be presented.

5.15.2.1.12 Single method of data entry., Data entry methods and data
displays should not require the user to shift between entry methods.

5.15.2.1.13 Data entry display. Where data entry on an electronic display
is pemitted only tn pres1c6rbedareas, a clear visual definition of the entry
fields shall be provided.

5.15.2.2 Keyboard.
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5.15.2.2.1 Use. A keyboard should be used to enter alphabetic, numeric and
other special c-racters into the system.

5.15.2.2.2. Confiuration. Keyboards shall conform to MIL-STD-1280, unless
otherwise specified or approved by the procuring activity.

5.15.2.2.3 Timel display. Keyed inputs, except security items such as
passwords, shall be shown on the display in accordance with the values in
Table XXVIII.

5.15.2.2.4 Length. Except for extended text, the length of individual data
items shall bemifnimiized.

5.15.2.2.5 Justification. When entering tabular data, the user shall not
be required to right-'or left-justify tabular data entries. The system shall
automatically justify columnar data with respect to decimal systems point,
left margin or right item margin, depending on the type of data.

5.15.2.2.6 Numeric keyads. Keyboards used in systems requiring
substantial nuamerc input shall be equipped with a numeric keypad.

5.15.2.2.7 Minimization of keying. The amount of keying required should be
minimized.

5.15.2.2.8 Minimization of shift keying. The use of key shifting functions
should be minimized during data entry transactions.

5.15.2.2.9 Data change. In keyed data entry, means shall be provided to
allow users to"cE inge previous entries, if necessary, by DELETE and INSERT
actions.

5.15.2.3 Fixed function (dedicated) keys.

5.15.2.3.1 Use. Fixed function keys (for example, ENTER) should be used
for tme-criticaT, error-critical, or frequently used control inputs.

5.15.2.3.2 Standardization. Fixed function keys should be common
throughout the-system.

5.15.2.3.3 Functional consistency. Once a key has been assigned a given
function, it sh ould not be r*assigned to a different function for a given user.

5.15.2.3.4 Aflabilil. Fixed function keys should be selected to control
functions that are continuously available; i.e., lockout of fixed function
keys shall be minimized. At any step in a transaction sequence, however,
function keys which are not used for current inputs should be temporarily
disabled under computer control. Mechanical overlays should not be used for
this purpose.

5.15.2.3.5 Non-active keys. Non-active fixed function keys should be
replaced by a blank key on-the keyboard.
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O 5.15.2.3.6 G. Fixed function keys shall be logically grouped and
shall .be placeT--i-3-d~tinctive locations on the keyboard.

5.15.2.3.7 Actuation. Except when used to toggle between two opposing
states, a fixed funEc-tion key should require only a single actuation to
accomplish its function.

5.15.2.3.8 Feedback. When fixed function key activation does not result in
an immediately observable natural response, the user shall be given an
indication of system acknowledgement.

5.15.2.3.9 Function labels. Key assignments shall be displayed at all
times, preferably through direct marking. Where abbreviations 3re necessary,
standardized DoD abbreviations (e.g., MIL-STD-12, MIL-STD-411, MIL-STD-783)
should be used.

5.15.2.4 Variable function keys.

5.15.2.4.1 Use. Variable function keys may be used for programmable menu
selection and entry of control functions.

5.15.2.4.2 Status display. When the effect of a function key varies, the
status of the key shall be-displayed.

* 5.15.2.4.3 Reprogrammable or inactive default functions. When keys with
labeled default functions are reprogimd or turnea o, a visual warning
shall alert the user that the standard function is not currently accessible
via that key.

5.15.2.4.4 Relbeln. Provision shall be made for easily relabeling
variable functi kes. Labels for variable function keys, located along the
perimeter of a display, may be generated on the display face,

5.15.2.4.5 Shifted characters. Shift keys should not be required to
operate var able function'eys.

5.15.2.4.6 Easy return to base-level functions. Where the functions
assigned to a set of function keys change as a result of user selection, the
user should be given an easy means to return to the initial, base-level
functions. For exaniple, in cockpit design, where multifunction keys may be
used for various purposes such as navigation or weapons control, the aircrew
should be able to take a single action to restore those keys quickly to their
basic flight control functionc.

5.15.2.5 Lightpen.

5.15.2.6.1 Use. A lightpen may be used when non-critical, imprecise input
functions are Feuired. Such direct.pointing -ontrols should be used when
item selection is the primary type of data entry.

S 5.15.2.5.2 Dimensions and moutting. See 5.4.3.2.7.3.
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5.15.2.5.3 Actuation. Lightpens shall be equipped with a discrete
actuating/deactuating mechanism. For most applications, a push-tip switch,
requiring O.5N - 1.4N (2-5 oz) of force to actuate, is preferred.

5.15.2.5.4 Feedback. Two forms of feedback shall be provided to the user
when using a lightpen:

a. Feedback concerning the position of the lightpen, preferably in the
form of displayed cursor (such as circle or crosshair) or highlighting which
also informs the user that the system is recognizing the presence of the
lightpen. The feedback shall be large enough to be seen under the point of
the lightpen.

b. Feedback that the lightpen has actuated and the input has been

received by the system.

5.15.2.6 Directional controllers.

5.15.2.6.1 Use. A joystick, trackball or similar device may be used when
precise input fu-nctions are required. -Joystick, trackballs, grid-and-stylus
devices and x-y controllers shall conform to 5.4.3.2.2, 5.4.3.2.3, 5.4.3.2.4,
5.4.3.2.5, and 5.4.3.2.6.

5.15.2.6.2 Actuation/deactuation. A discrete mechanism shall be provided
to allow the user to actuate/deactuate the device.

5.15.2.7 Touch screen. See paragraph 5.4.6 for information on touch

screens,

5.15.3 Data display.

5.15.3.1 Display format.

5.15.3.1.1 C stenc. Display formats should be consistent within a
system.

a. When appropriate for users, the same format should be used for input

and output.

b. Data entry formats should match the source document formats.

c. Essential data, text, and formats should be under computer, not user,
control.

5.15.3.1.2 Criticality. Only data essential to the user's needs shall be
displ ayed.

5.15.3.1.3 Readily usable form. Data presented to the user shall be in a
readily usable and readable form such that the user does not have to
transpose, compute, interpolate or mentally translate into other units, number
bases or languages.
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5.15.3.1.4 Order -d sequences. When data fields have a naturally
occurring order (e.g., chronological or sequential), such order shall be
reflected in the format organization of the fields.

5.15.3.1.4.1 Data grouped by importance. Where some displayed data items
are of significant importance or require immediate user response, those items
should be grouped at the top of the display.

5.15.3.1.4.2 Data grouped by function. Where sets of data are associated
with particular oruestions or related to particular functions, each set may be
grouped together to help illustrate those functional relationships.

5.15.3.1.4.3 Data grouped by frequency. Where some data items are used
more frequently than others, those items may be grouped at the top of the
display.

5.15.3,1.5 Data separation. Separation of groups of information should be
accomplished by blanks, spacing, lines, color coding, or other means
consistent with the application.

5.15.3.1.6 Recurring data fields. Recurring data fields within a system
shall have conitent names and should have consistent relative position
within displays.

5.15.3.1.7 Extended alphanumerics. When five or more alphanumeric. .characters wit out-natural organization are displayed, the characters shall be
grouped in blocks of three to five characters within each group separated by a
minimum of one blank space or other separating character such as a hyphen or
slash.

5.15.3.1.8 Comparative data fields. Data fields to be compared on a
character-bycharacter basis shall be positioned one above the other with
alignment of characters to be compared.

5.15.3.1.9 Labels and titles. Each display shall be labeled with a title
or label that Ts tMie'within the system. To make the display as meaningful
as possible and to reduce user memory requirer"nts, every field or column
heading should be labeled.

5,15.3.1.9.1 Disp!aY title. Every display should begin with a title or
header at the top, describing briefly the contents or purpose of the display.
There shall be at least one blank line between the title and the body of the
di splay,

5.15.3.1.9.2 Command entry, prompts, messages at bottom. The last several
lines at the bottom of every display should be reserved for status and error
messages, prompts, and command entry.

5.15.3.1.10 Data.group labels. Each individual data group or message shall
contain a descriptive title, phrase, word or similar device to designate the
content of the group or message. Labels shall:
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a. Be located in a consistent fashion adjacent to (and preferably above
or to the left of) the data group or message they describe.

b. Be unambiguously related to the group, field, or message they
describe.

c. Be highlighted or otherwise accentuated to facilitate operator
scanning and recognition. The technique used to accentuate labels shall be
different from, and easily distinguished from, that used to highlight or code
emergency or critical messages.

d. Be unique and meaningful to distinguish them from data, error
messages, or other alphanumerics.

e. Be displayed in upper case only, while text may be displayed in upper
and lower case.

f. Reflect the question- or decision being posed to the user, when
presenting a list of user options.

5.15.3.1.11 Scrolling. Items continued on the next page (scrolled) should
be numbered relative to the last item on the previous page.

5.15.3.1.12 Page numbern. Each page of a multiple page display shall be
labeled to identify the currently displayed page and the total number of
pages, e.g., Page 2 of 5.

5.15.3.1.13 Frame identification. Every display frame shall have a unique
identification to provide a reference for use in requesting the display of
that frame. The frame Identification should be an alphanumeric code or an
abbreviation which is prominently displayed in a consistent location. It
should be short enough (3-7 characters) and/or meaningful enough to be learned
and remembered easily.

5.15.3.2 Display content.

5.15.3.2.1 Standardization. The content of displays within a system shall
be presented in acohsistent, standardized manner.

5.15.3.2.2 Information density. Information density shall be held to a
minimum in displTysuse for critical task sequences. A minimum of one
character space shall be left blank vertically above and below critical
information with a minimum of two character spaces left blank horizontally
before and after (see 5.15.3.1.5 and 5.15.3.3.1).

5.15.3.4.2.1 Croded. dislays. When a display contains too much data for
presentation in a single frame, the data shall be partitioned into separately
displayable pages.
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* 5.15.3.2.2.2 Related data on same page. When partitioning displays into
multiple pages, functionally related data items shall be displayed together on
one page.

5.15.3.2.2.3 Page labeling. In a multipage display, each page shall be
labeled to show 7s relation to the others.

5.15.3.2.3 Abbreviations and acronyms. Information shall be displayed in
plain concise text wherever possible. Abbreviations and acronyms shall
conform to MIL-STD-12, MIL-STD-411, or MIL-STD-783. New acronyms, if
required, shall be developed using the rules of abbreviation in MIL-STD-12.
Abbreviations should be distinctive to avoid confusion. Words should have
only one consistent abbreviation. No punctuation should be used in
abbreviations. Definitions of all abbreviations, mnemonics and codes should
be provided at the user's request.

5.15.3.2.4 Data entry and display consistency. Data display word choice,
format, and style should be consistent with the requirements for data entry
and control.

5.15.3.2.5 Context for displayed data. The user should not have to rely on
memory to interpret new data; each data display should provide needed context,
including recapitulating prior data from prior displays as necessary.

5.15.3.3 Display coding.

. 5.15.3.3.1 Use. Coding shall be employed to differentiate between items of
information anT'to call the user's attention to changes in the state of the
system. Coding should be used for critical Information, unusual values,
changed items, items to be changed, high priority messages, special areas of
the display, errors in entry, criticality of command entry, and targets.
Consistent, meaningful codes shall be used, Coding shall not reduce
legibility or increase transmission time.

5.15.3.3.2 Flash. Flash coding shall be employed to call the user's
attention to misson critical events only. No more than 2 flash rates shall
be used. Where one rate is used, the rate shall be between 3 and 5 flashes
per second. Where two rates are used, the second rate shall be less than
2 per second.

5.15.3.3.3 Brightness. Brightness intensity coding shall be employed only
to differentiate between an item of information and adjacent information. No
more than two levels of brightness shall be used. Each level shall be
separated from the nearest by at least a 2:1 ratio.

5.15.3.3.4 Pattern and location. Pattern and location coding shall be
employed to reduce user search" tme by restricting the area to be searched to
prescribed segments.

5.15.3.3.5 Underlining. Underlining may be employed to indicate unusual
values, errors-Inentry, changed items or items to be changed.
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5.15.3.3.6 Symbol and size. Symbol coding may be employed to enhance
information assimilation frR data displays. Symbols shall be analogs of the
event or system element they represent or be in general use and well known to
the expected users. Where size difference between symbols is employed, the
major dimensions of the larger shall be at least 150 percent of the major
dimension of the smaller with a maximum of three size levels permitted.

5.15.3.3.6.1 Special symbols. When special symbols are used to signal
critical conditions, theysOlT be used for only that purpose.

5.15.3.3.6.2 Markers close to words marked. When a special symbol is used
to mark a word, the symbol shall be separated from the beginning of the word
by one space.

5.15.3.3.7 Color. Color coding may be employed to differentiate between
classes of information in complex, dense, or critical displays. The colors
selected shall not conflict with the color associations specified in Table I.
Information shall not be coded solely by color if the data must be accessed
from monochromatic as well as color terminals or printed i.n hardcopy versions.

5.15.3.3.8 Shape. Shape coding may be used for search and identification
tasks. When shape coding is used, the codes selected shall be based on
established standards or conventional meanings.

5.15.3.3.9 Brightness inversion. When a capability for brightness
inversion is available (so-called ' reverse video", where dark characters on a
bright background can be changed under computer control to bright on dark, or
vice versa), it may be used for highlighting critical items that require user
attention. When used for alerting purposes, brightness inversion shall be
reserved consistently for that purpose, and not be used for general
highl i ghti ng.

5.15.3.4 Dynamic displays.

5.15.3.4.1 Changing values. Changing alphanumeric values which the
operator must reliably read shall not be updated more often than once per
second. Changing values which the viewer uses to identify rate of change or
to read gross values shall not be updated faster than 5 times per second, nor
slower than 2 per second, when the display is to be considered as real-time.

5.15.3.4.2 date rate. The rate of update should be controllable by the
user and sha1l b determined by the use to be made of the information.

5.15.3.4.3 Display freeze. A display freeze mode shall be provided to
allow close scrutiny of any selected frame that is updated or advanced
automatically by the system. For frozen display frames, an option shall be
provided to allow resumption at the point of stoppage or at the current
real-time point.

5.15.3.4.4 Freeze feedback. An appropriate label shall be provided to
remind the operator when the display is in the freeze mode.
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5.15.3.5 Tabular data.

5.15.3.5.1 Use. Tabular data displays shall be used to present row-column
data to aid det'Taed comparison of ordered sets of data.

5.15.3.5.2 Standard formats. Location of recurring data shall be similar
among all tabu datadispa yed and common throughout the system.

5.15.3.5.3 Arrangement. Tabular data shall be displayed in rows and
columns. If tte data in the rows has order, the 'order shall be increasing
from left to right. If the data in the columns has order, the order shall be
increasing from top to bottom of the display.

5.15.3.5.4 Titles. When tabular data are divided into classifications, the
classification1teTs shall be displayed and subclassification shall be
identified. When tabular data extend over more than one page vertically, the
columns shall be titled identically on each page.

5.15.3.5.5 Horizontal extension. Tabular displays should not extend over
more than one page horizontally.

5.15.3.5.6 Lists. Items in lists shall be arranged in a recognizable
order, such as cronological, alphabetical, sequential, functional, or
importance.

. 5.15.3.5.6.1 List lines. Each item in a list shall start on a new line.

5.15.3.5.6.2 Vertical extension. Where lists extend over more than one
display page, the list line of Re page shall be the first line on the
succeeding page.

5.15.3.5.6.3 Marking multiline items in a list. Where a single item in a
list-continues for more than one line, such Items shall be marked in some way
(e.g., blank line, indentation) so that the continuation of the item is
obvious.

5.15.3.5.6.4 Arabic numerals. When listed items will be numbered, Arabic
numerals should eused rather than Roman,

5.15.3.5.6.5 Vertical ordering in multiple columns. Where items in a list
are displayed in multiple columns, Items shall be ordered vertically within
each column.

5.15.3.5.6.6 Hierarchic structure for long lists. Where lists are long and
must extend beyond more than one displayed page, a hierarchic structure shall
be used to permit the logical partitiuning into related shorter lists.

5.15.3.5.7 Numeric punctuation. Long numeric fields should be punctuated
with spaces, commas, or slashes. Conventional punctuation schemes should be
used if in common usage. Where none exist a space should be used after every
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third or fourth digit. Leading zeris shull not be used in numerical daza
except where needed for clarity.

5.15.3.5.8 Alphanumeric groupi Strings of alphanuwericn should be
grouped into sets of three to ve characters or grouped at natural breaks.
When a code consists vf both letters and digits, cunon character types should
be grouped by cammn character type for ea--? of loratlon.

5.15.3.5.9 Mstinctive and informative labels. Rows and columns shall be
labeled distln4 e:! to guiNe data entry.'

5.15.3.5.10 Justification of nwneric enry. Users shall be allowed to make
numeric entries-tables without concern for justifications, the computer
shall right-justify integers, cr else justify with respect to a decimal point
if present.

5.15.3.5.11 Labeling kjinIts of meaozrement. In tabular display;, the units
of displayed dati shall be c -nsisZeyn ci udei in the column labels.

5.15.3.5.12 Consistent column spacin . Columi sp-cin9 within a teble an,
from one table _o ancoTir sio d b uiform and consstent,

5.15.3.5.13 Columr scannin' cues. A column separation if at leat r.Mee
spaces shall be-iRTatied.

5.15.3.5.14 Row scanninq cties. In dahtse tables wvTh many rows, a blank
line shall be i-nserf c a -group of rows at re=,ular intervals. No more
than five lines should be displa ed without a blank line being inserted.

5.16.,5.6 G raplhdc displays.

5.15.3.6.1 Use. Graphic data displays may be ued to present aiessment of
trend informatT , soatiall structured data, time critical information or
relatively Iprecise infoiuatlon.

5.15.3.6.2 Reurng-dATa. See 5.15.3.1.5.

5.15,3.6,3 Refresh rates. Graphic displays which require user visual
integration et c.Fnj7g -atterns shall be updatMd at the maximum, refresh rate
of the display device consistent with the user's information handling rates,

5.15.3.6.4 G3raph axes. The a'es cf graphs shall be labeled and sbould be
graduated in accordance with 5.2.3.1 4, 5.2.3.1.5, and 5.2.3.1.6.

5.15.3.6.5 T-end lines. When trend lines are to be compared, ,ulteple
lines should beused ona single graph.

5.15.3.6.6 Polintng. Where graphir data entry involves frequent pointing
on a display su-race, the user interface thall provide display -.ontrcl and
sequence control by pinting, ir, order to minimize shifts from one entry
device to another. For exmqple, in drawing a fiow chart, a user should b4
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W able to link elements or points directly by pointing at them or drawing lines
between rather than by separately keyed entries.

E7.15,3.6.7 Distinctive cursor. The current cursor position on graphic
disalays shall be indicated by displaying some distinctive cursor symbol at
that point, e.g., a plus-sign, representing abbreviated cross-hairs whose
intersection can mark a position with reasonable precision.

5.15.3.6.8 Precise positioning. Where data entry requires exact placement
of graphic elements, users shall be provided the capability for expansi-on of
tne critical display area (e.g., zooming and panning) to make the positioning
task easier and more precise.

5.i5.3.6.9 Confirming cursor position. For most graphics data entry,
pointing should P a dual action, with the first action positioning the cursor
at a desired position and the second action confirming that position to the
computer. An exception may be a design allowing "free-hand" drawing of
continuous lines where the computer must store and display a series of cursor
positions as they are entered by the user.

5,15.3.6.10 Selecting graphic elements. Users shall be provided some means
for designating and selecting displayed graphic elements for manipulation.
Nor.ally this function is performed by pointing where a pointing device is
provided fur line drawing purposes.

5,15.3.6.11 Selecting from dispiayed attributes. During graphic data
entry, users shouldbe allowd to specify attributes for displayed elements
(e.g., text font, plotting symbol, line type) by selecting from displayed
samples illustrating the available options.

5.15.3.6.12 Displalng current attributes. During graphic data
entry/editing, The-selected attributes that will affect current actions shall
be displayed for ready reference as a reminder .9f current selections in
effect.

5.15.3.6.13 Easy storage and retrieval. An easy and convenient means shall
be provided for saving and retrieviig graphic displays for their possible
re-use. The user should be allowed to designate filenames of his or her
choice for the stored graphic data.

5.15.3.6.14 Automatic data registration. The computer should provide
automatic registie-oFr :alignment of computer-generated graphic data, so
that variable data are shown properly with respect to fixed background or data
map at any display scale.

5.15.3.6.15 Predefned graphic formats. Where graphic data must be plotted
in predefined standard formats (e.g., target areas on maps, flight plans),
templates or skeletal displays shall be provided for those fomats to aid data
entry.
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5.15.3.6.16 Computer derivation of graphic data. When graphic data can be
derived from data already available in the computer, machine aids for that
purpose shall be provided.

5.15.3.6.17 Drawing lines. When line drawing is required, users shall be
provided with a~ids for drawing straight line segments. When line segments
must join or intersect, computer aids shall be provided to aid in such
connection.

5,15.3.6.18 Drawing figures. When a user must draw figures, computer aids
shall be provided for that purpose (e.g., templates, tracing techniques,
stored forms).

5.15.3.6.19 ChanginS size. When editing graphic data, users shall be
provided with the capab =ily to change the size (scale) of any selected
element on the display, rather than delete and recreate the element in a
different size.

5.15.3.6.20 Highlighting critical data. When a user's attention must be
directed to a portion of a graphic display showing critical or abnormal data,
that feature should be highlighted with some distinctive means of data coding.

5.15.3.6.21 Reference index. When a user must compare graphic data to some
significant level or Ertica value, a reference index or baseline shall be
included in the display.

5.15.3.6.22 Data annotation. When precise reading of a graphic display may
be required, the capability -should be provided to supplement the graphic
representation with the actual numeric values.

5.15.3.6.23 Normal orientation for labels. The labels on dynamic graphic
displays shal 1"ealnw MWlti te Ftp oftheTabel up when the displayed image
rotates.

5.15.3.6.24 Pictorials~ybols. Pictorial symbols (e.g., icons, pictograms)
should look lik e objects, features, or processes they represent.

5.15.3.6.25 Display of scale. When a map or other graphic display has been
expanded from it normal presentation, an indicator of the scale expansion
shall be provided.

5.15.3.6.26 Consistent scaling. When users must compare 9raphic data
across a series of charts, the same scale should be used for each chart.

5.15.3.6.27 Single scale oniy. Where graphs are presented, only a single
scale shall be shown n each axis, rather than including different scales for
different curves in the graph. If interpolation must be made or where
accuracy of reading graphic data is required, computer aids should be provided
the user.
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5.15.3.6.28 Unobtrusive grids. When grid lines are di'splayed, they should
be unobtrusive and shall not obscure data elements. Grid lines should be
displayed or suppressed at the option of the user.

5.15.3.6.29 Direct display of differences. Where users must evaluate the
difference between two sets of data, that difference should be plotted
directly as a curve in its own right, rather than requiring users to compare
visually the curves that represent the original data sets.

5.15.3.6.30 Bar graphs. Bar graphs should be used for comparing a single
measure across a set of several entities or for a variable sampled at discrete
intervals.

5.15.3.6.30.1 Bar spacing. Adjacent bars should be spaced closely enough,
normally not more than one bar width, so that a direct visual comparison can
be made without eye movement.

5.15.3.6.30.2 Histograms (step charts). Histograms (bar graphs without
spaces between the bars) should be used where bar graphs are required and
where a great many intervals must be plotted.

5.15.3.7 Text/erogram editinS.

5.15.3.7.1 Buffer, When inserting characters, words or phrases (e.g.,
editing), items-1tobe inserted should be collected in a buffer area and
displayed in the prescribed insert area of the screen for subsequent insertion
by user command.

5.15.3.7.2 Presentation mode. Display mode rather than line mode should be
used for text Mdting.

5.15.3.7.3 Display.window. ROLL and SCROLL commands should refer to the
display window, not the text/data; that is, the display window should appear
to the user to be an aperture moving over stationary text.

5.15.3.7.4 Editing commands. Editing commands, such as MOVE, COPY, and
DELETE, for addng. inserting, or deleting text/program segments shall be
provided.

5.15.3.7.4.1 Text edit commands. In text editing, editing commands should
be based on character, word, sentence, paragraph, and higher-order segments.

5.15.3.7.4.2 Program edit commands. In program editing, the special
commands shal l be ased on lines or subprograms. Program lines shall
reflect a numbering scheme for ease in editing and error correction. When
available, line-by-line syntax checking shall be under user control.

5.15.3.7.4.3 Tab controls. For editing programs or tabular data, cursor
tab controls or oerprovtsions for establishing and moving readily from
field to field shall be provided.
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5.15.3.7.5 Editing commands. Where editing commands are made by keying
onto the displiythe editing commands shall be readily distinguishable from
the displayed textual material.

5.15.3.7.6 Highlighted text. Where text has been specified to become the
subject of control entries (e.g., for underlining, bolding, moving, copying,
or deleting), the affected segment of text shall be highlighted to indicate
its boundaries.

5.15.3.7.7 String search. The capability shall be provided to allow the
user to specify a string of text (words, phrases, or numbers) and request the
computer to advance (or back up) the cursor automatically to the next
occurrence of that string.

5.15.3.7.8 Automatic line break. An automatic line break (carriage return)
shall be providedwhen the text reaches the right margin for entry/editing of
unformatted text. User override shall be provided.

5.15.3.7.9 Format control. An easy means shall be provided for users to
specify required format control features during text entry/editing, e.g., to
specify margins, tab settings, line soacing, etc.

5.15.3.7.10 Predefined formats. When text formats must follow predefined
standards, the eoquitedo1Mall be provided automatically. Where text
formats are a user option, a convenient means should be provided to allow the
user to specify and store for future use the formats that have been generated
for particular applications.

5.15.3.7.11 Frequentli used text. The capability slall be provided to
label and store frequently used text segments (e.g., %lgnature blocks,
organizational names, call signs, coordinates), and latir to recall (copy into
current text) stored segments identified by their assigned labels.

5.15.3.7.12 Text displayed as printed. Users should have the option of
displaying text as it will be printed, including underlining, boldface,
subscript, superscript, special characters, spec!al s~mbols, and different
styles and sizes of type. Where display of all possible features (e.g.,
special fonts) is impractical, format codes should be highlighted and
displayed within the text in order to mark the text that will be affected by
the code.

5.15.3.7.13 Control annotations. Where special formatting features are
indicated in the text by use of special codes or annotation, the insertion of
the special annotation should not disturb the spacing of the displayed text
and shall not disturb formatting of graphs and tables or alignment of rows and
columns.

5.15.3.7.14 Flexible printing options. In printing text, users shall be
allowed to selectamong avallable output formats (e.g., line spacing.
character size, margin size, heading, and footing) and to specify the pages of
a document to be printed.
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5.15.3.7.15 Head- and foot-of file. The means shall be provided to readily
move the cursor to the head or the foot (end) of the file.

5.15.3.8 Audio displays.

5.15.3.8.1 Uses. Audio displays (signals), used as part of the
user-computer interface, have application where:

a. The common mode of visual display is restricted by overburdening or
user mobility needs and it is desirable to cue, alert or warn the user, or

b. The user should be provided feedback after control actuation, data
entry, or completion of timing cycles and sequences.

5.15.3.8.2 Other reuirements. Other audio design criteria apply: see
5.3.1, 5.3.2.1, and 5.3.2.

5.15.3.8.3 Supportive function - audio. Audio signals used in conjunction
with visual displays shall be'supplementary to the visual signals and shall be
used to alert and direct the user's attention to the appropriate visual
display.

5.15.3.8.4 Signal characteristics. Signals may be one time or
intermittent. Internittent signals shall be automatically terminated when no
longer applicable, and by operator control.

5.15.3.8.5 Fr! ,nc See 5.3.3.1.1.

5.15.3.8.6 udibility. See 5.3.4,1

5.15.3.8.7 Alarm settings. When alarm signals are established on the basis
of user-defined logic, ....users shall be permitted to obtain status information
concerning current alarm settings, in terms of dimensions (variables) covered
and values (categories) established as critical. Alarm status information is
particularly necessary in monitoring situations where responsibility may be
shifted from one user to another as in changes of shift.

5.15.4 Interactive control.

5.15.4.1 General. General design objectives include consistency of control
action, miniMIzed eed for control actions, and minimized memory load on the
user, with flexibility of interactive control to adapt to different user
needs. As a general principle, it is the user who should decide what needs
doing and when to do It. The selection of dialogue types should be based on
anticipated task requirements and user skills. Different types of dialogue
imply differences in system response time for effective cooperation.
Estimated relative requirements for user training and for system response time
are given in Table XXVI11.

5.15.4.1.1 Rgs tme. System response times shall be consistent with
operational requirements. Required user response times shall be compatible
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with required system response time. Required user response times shall be
within the limits imposed by total user tasking expected in the operational
environment. (See 5.15.8)

5.15.4.1.1.1 Response time induced keyboard lockout. If computer
processing time requires delay of concurrent user inputs and no keyboard
buffer is available, keyboard lockout shall occur until the computer caA
accept the next tratisaction, An alert shall be displayed to indicate to the
user that lockout has occurred.

5.15.4.1.1.2 Keyboard restoration. When the computer is ready to continue,
following response time-induced keyboard lockout, a signal to so indicate
shall be presented, e.g., cursor changes back to normal shape.

TABLE XXVIII. DIALOGUE TYPE VERSUS USER TRAINING AND SYSTEM RESPONSE

Required Tolerable Speed of
Dialogue Type User Traning SystemResponse

Question and Answer None Moderate
(.5 to less than 2 secs)

Menu Selection None Very Fast
(less than .2 secs)

Form Filling Moderate Slow
(greater than 2 secs)

Function Keys Moderate Very Fast
(less than .2 secs)

Command Language High Moderate/Slow
(.5 to greater than 2 secs)

Natural/Query Language Moderate Fast
(.2 to less than .5 sec)

Graphic Interaction High Very Fast
(less than .2 sec)

5.15.4.1.1.3 Interrupt to evid keyboard lockout. When keyboard lockout has
occurred, the user should-be provided wita capability to abort a transaction
that has resulted in an extended lockout. Such capability should act like an
UNDO comand that stops ongoing processing and does not RESET the computer
thereby losing prior processing.

5.15.4.1.2 Simplicity. Control/display relationships shall be
straightforward n epicit. Control actions shall be simple and direct,
whereas potentially destructive control actions shall require extended user
attention such they are not easily acted on.
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accidental actuation of potentially destructive control actions, including the
possibility of accidental erasure or memory dump.

5.15.4.1.4 Compatibility with user skill. Controls shall be compatible
with the lowest anticipated user skill levels. Experienced users should have
options which shortcut intervening steps necessary for inexperienced users.

5.15.4.1.5 Avail-ability of information. Information necessary to select or
enter a specific control action shall be available to the user when selection
of that control action is appropriate.

5.15.4.1.6 Concurrent display. Control actions to be selected from a
discrete set of alternatives shall have those alternatives displayed prior to
the time of selection. The current value of any parameter or variable with
which the user is interacting shall be displayed. User control inputs shall
result in a positive feedback response displayed to indicate performance of
requested actions.

5.15.4.1.7 Hierarchical process. When hierarchical levels are used to
control a process or sequence, the number of levels shall be minimized.
Display and input formats shall be similar witin levels and the system shall
indicate the current positions within the sequence at all times.

5.15.4.1.8 User memorization. The requirement to learn mnemonics, codes,
special or lon9 sequences- or special instructions shall be minimized.

5.15.4.1.9 Diagqete. The choice of dialr,,jue type (e.g., form filling,
menus, command or interactive control shall be compatible with user
characteristics and task requirements,

5.15.4.1.10 Number system. When numeric data is displayed or required for
control input, suCh data shall be in the decimal, rather than binary, octal,
hexadecimal or other number system.

5.15.4,1.11 Data manpulation, The user should be able to manipulate data
without concern for internal storage and retrieval mechanisms of the system.

5.15.4.1.12 Computer processing constraints. The sequence of transaction
selection shoulI generally be dictated by user choices and not by internal
computer processiog constraints.

5.15.4.1.13 Feedback for correct input. Control feedback responses to
correct user input shall consist of changes in state or value of those
elements of the displays which are being controlled in an expected and
logically natural form. An acknowledgement message shall be employed only in
those Cases where the more conventional mechanism is not appropriate or where
feedback response time must exceed one second.
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5.15.4.1.14 Feedback for erroneous input. Where control input errors are
detected by the system (see 5.15.7.2, error messages shall be available as
provided in 5.15.7.5, and error recovery procedures shall be as provided in
5.15.7.8.

5.15.4.1.15 Control input data display. The presence and location of
control input data entered by the user shall be clearly and appropriately
indicated. Data displayed should not mislead the user with regard to
nomenclature, units of measure, sequence of task steps, or time phasing.

5.15.4.1.16 Originator identification. Except for broadcast communication
systems, the transmitter of each message in inter-user communications should
be identified--automatically, if possible.

5.15.4.2 Menu selection.

5.15.4.2.1 Use. Menu selection interactive control should be used for
tasks that involve little or no entry of arbitrary data and where users may
have relatively little training. It should also be used when a command set is
so large that users are not likely to be able to commit all of the commands to
memory.

5.15.4.2.2 Selection.

5.15.4.2.2.1 Devices. Lightpens or other pointing devices (including touch
technology) shouTd-bT-sed for menu selection. (See also Section 5.4.6 Touch
Screen Controls for Displays). Where design constraints do not permit
pointing devices, a standard window should be provided for the user to key the
selected option code. If menu selection is accomplished by pointing, dual
actions shoild be. provided. The first action should designate the selected
option. This should be followed by a separate action to enter the selection
into the computer program.

5.15.4.2.2.2 Titles. Each page of options (menu) should have a title that
clarifies the purpose of that menu.

5.15.4.2.2.3 Series entry. Users should be provided the capability to
stack menu selections, i.e., to make several menu selections without having
each menu displayed.

5.15.4.2.2.4 Sequences. A menu shall not consist of a long list of
multi-page option, but shall be logically segmented to allow several
sequential selections among a few alternatives.

5,15.4.2.3 Active option presentation. The system shall present only menu
selections for actions which are currently available.

;..15.4.2.4 Format consistency. Menus shall be presented in a consistent
formaut the system and should be readily available at all times.,
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5.15.4.2.5 Option sequence. Menu selections shall be listed in a logical
order, or, if no logical order exists, in the order of frequency of use.

5.15.4.2.6 Simple menus. When the number of selections can fit on one page
in no more than two columns, a simple menu shall be used. If the selection
options exceed two columns, hierarchical menus may be used.

5.15.4.2.7 Option presentation. Selection codes and associated descriptors
shall be presented on single lines.

5.15.4.2.8 Direct function call. If several levels of hierarchical menus
are provided, a direct function call capability shall be provided such that
the experienced user does not have to step through multiple menu levels.

5.15.4.2.9 Consistency with command language. When menu selection is
employed to train in the use of a command language, the wording and order
shall be consistent with the command language.

5.15.4.2.10 Option coding. When selections are indicated by coded entry,
the code associated with each option shall be included on the display in some
consistent manner.

5.15.4.2.11 Keyed codes. If menu selections must be made by keyed codes,
the options shal be code by the first several letters of their displayed
labels rather than by more arbitrary numeric codes. In defining the codes,
however, they should not duplicate any other user function codes.

5.15.4.2.12 Position in structure. When menu traversal can be accomplished
by clearly defined hierarchical paths, the user should be given some
indication of the displayed menu's current position in the overall or relevant
structure, such as by having an optional display of "path" information.
A menu tree showing the menu hierarchy should be included in the user manual.

5.15.4.2.13 Back menu When using hierarchical menus, the user shall be
able to return to"the next higher level by using single key action until the
initial, top-level menu or display is reached.

5.15.4.2.14 Return to top level. A function shall be provided to directly
recall the initial, top-level menu or display without stepping thruugh the
menu or display hierarchy.

5.15.4.3 Form filling.

5.15.4.3.1 Use. Form filling interactive control may be used where %ome
flexibility inTaita to be entered is needed and where the users will have
moderate training. A form-filling dialogue should not be used when the
computer must handle multiple types of forms and the computer response is
slow.

5.15.4.3.2 Gr jn. Displayed forms shall be arranged such that related. items are grouped together.
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5.15.4.3.3 Format and content consistency. The format and content of
displayed forms shall be perceptually related to that of paper forms if paper
forms are used to guide data entry. A standard input form should be used.

5.15.4.3.4 Distinctiveness of fields. Fields or groups of fields shall be
separated by spaces, lines, or other delineation cues. Required fields shall
be distinguished from optional fields.

5.15.4.3.5 Field labels. Field labels shall be distinctively presented
such that they can be distinguished from data entry. Label-s for data entry
fields shall incorporate additional cueing of data format where the entry is
made up of multiple inputs, e.g., DATE (M/D/Y): / /

5.15.4.3.6 Cursor. A displayed cursor shall be positioned by the system at
the first data entry field when the form is displayed. The cursor shall be
advanced by a tab key to the next data entry field when the user has completed
entry of the current field.

5.15.4.3.7 Entry length indication. The maximum acceptable length for
variable length fields shall be indicated.

5.15.4.3.8 Overwriting. Data entry by overwriting a set of characters in a
field (such as a default) should not be used.

5.15.4.3.9 Unused underscores. When an item length is variable, the user
shall not have-to remove unus underscores.

5.15.4.3.10 Dimensional units. When a consistent dimensional unit is used
in a given entry fIeld, the dimensional unit shall be provided by the
computer. When the dimensional unit varies for a given field, it should be
provided, or selected, by the user.

5.15.4.3.11 User omissions. When required data entries have not been
input, the omission shall be indicated to the user and either immediate or
delayed input of the missing items should be allowed. For delayed entry, the
user should be required to enter a special symbol in the field to indicate
that the missing item is delayed, not overlooked.

5.15.4.3.12 Non-entry areas. Non-entry (protected) areas of the display
shall be designated-and made inaccessible to the user via the cursor.

5.15.4.3.13 Flexible data entry . When multiple data items are entered as a
single transaction, the user shall be allowed to re-enter, change, or cancel
any item before taking a final ENTER action.

5.15.4.3.14 Informative labels. Descriptive wording shall be employed when
labeling data fields; use of aFBtrary codes shall be avoided.

5.15.4.3.15 Logical order. Where no source document or external
information is involved, forms should be designed so that data items are
ordered in a logical sequence for input.
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*5.15.4.3.16 Form filling for control entry. Form filling should be
considered as an aid for composing complex control entries. For example, for
a print request, a displayed form might help a user invoke the various format
controls that are available.

5.15.4.4 Fixed function keys. Fixed function key interactive control may
be used for tasks requiring only a limited number of control inputs or in
conjunction with other dialogue types. (See 5.15.2.3)

5.15.4.5 Command language.

5.15.4.5.1 Use. Command language interactive control may be used for tasks
involving a wi--range of user inputs and where user familiarity with the
system can take advantage of the flexibility and speed of the control
technique.

5.15.4.5.2 User viewpoint. A command language shall reflect the user's
point of view "sch that the commands are logically related to the user's
conception of what is being done.

5.15.4.5.3 Distinctiveness. Command names shall be distinctive from one
another.

5.15.4.5.4 Punctuation. The command language shall contain a minimum of
punctuation or o r special characters.

5.15.4.5.5 Abbreviations. The user shall be permitted to enter the full
command name or an abbreviation for any command of more than 5 characters.

5.15.4.5.6 Standardization. All commands and their abbreviations, if any,
shall be standardized and consistent with MIL-STD-12, MIL-STD-411 or
MIL-STD-783.

5.15.4.5.7 Displayed location. Commands shall be entered and displayed in
a standard location on the EPPay.

5.15.4.5.8 Command prompts. The user shall be able to request prompts, as
necessary, to termine required parameters or available options for an
appropriate next coinmand entry.

5.15.4.5.9 Complexity. The command language should be programmed in layers
of complexity Such that the basic layer will allow the inexperienced user to
control a transaction. As this person's skill increases, the command language
should allow skipping from basic to more advanced layers to meet the user s
current needs.

5.15.4.5.10 User definition of macro commands. The programming shall not
accept a user designated macro name that is the same as an existing command
name.
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5.15.4.5.11 Standard techniques for command editing. Users shall be
allowed to edit erroneous command entries with the same techniques that are
employed to edit data entries since consistent editing techniques will speed
learning and reduce errors.

5.15.4.5.12 Destructive commands. Where a command entry may have
disruptive consequences, the user shall be required to review and confirm a
displayed interpretation of the command before it is executed.

5.15.4.6 Question and answer.

5.15.4.6.1 Use. Question-and-answer dialogues should be considered for
routine data e-try tasks, where data items are known and their ordering can be
constrained, where users will have little or no training, and where the
computer is expected to have medium response speed.

5.15.4.6.2 Questions displayed separatel,. Each question should be
displayed separately in question-and-answer dialogues; users should not be
required to answer several questions at once.

5.15.4 6.3 Recapitulating prior answers. When a series of computer-posed
questions are interrelated, answers to previous questions should be displayed
when those will provide context to help a user answer the current question.

5.15.4.6.4 Source document capability. When questions prompt entry of data
from a source document, the question sequence shall match the data sequence
in the source document.

5.15.4.7 Quer language.

5.15.4.7.1 Use. Query language dialogue should be used for tasks
emphasizing un6-p'dictable information retrieval (as in many analysis and
planning tasks), with moderately trained users.

5.15.4.7.2 Natural organization of data. Query languages should reflect a
data structure or organization perceiyed by users to be natural. For example,
if a user supposes that all data about a particular topic are stored in one
place, then the query language should permit such data to be retrieved by a
single query, even though actual computer storage might carry the various data
in different files.

5.15.4.7.3 Coherent representation of data organization. A single
representation Of the data organization for use In query formulation should be
established, e.g., if different queries will access different data bases over
different routes, the user should not necessarily need to know this.

5.15.4.7.4 Task-oriented wording. The wording of a query should simply
specify what data are requested; a user should not have to tell the computer
how to find the data.
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.5.15.4.7.5 Logic to link queries, The query language should be designed to
include logic elements that permit users to link (eg., "and," or")
sequential queries as a single entry.

5.15.4.7.6 Confirining large-scale retrieval. if a query will result in a
large-scale data retrieval, the user shall be required to confirm the
transaction or else take further action to narrow the query before processing.

5.15.4.8 Graphic interaction.

5.15.4.8.1 Use. Graphic interact ien as a dialogue may be considered for
use by castial users to provide graphic aids as a supplement to other types of
interactive control.

5.15.4.8.2 Iconic menus. When system users have different linguistic
backgrounds, graphic menus may be u,.ed whic. display icons to represent the
control options.

5.15.4.8.3 Supplementary verbal labels. Where icons Qre used to represent
control actions in menus, verbal labels shall be displayed with each Icon to
help assure that its intended meaning will be understooo.

3.15.5 Feedback.

5.15.5.1 Use. Feedback shall be provided "thich preseits status information,
* confirmtion-nd verification throughout th(: interactlvn.

5.15.5.2 t . When system functioning requires the user to stand-by,
WORKING, BUSY, or WA:T messages should be displayed until user interaction is
again possible. Where the delay is likely to exceed 15 seconds, the user
should be informpd. For delays exceedinC 60 seconds, a count-down display
should show delay time remaining (see Olzo 5.1.P).

5.15.5.3 Process outcome. When a conticol process or sequence is completed
or aborted by the system, pos~itve indicotion shall be presented to the user
conrrning tne outcome of the process and the requir"ents for subsequent user
action.

5.15.5.4 itiut o-firmation. Coafination shail not cause displayed data
removal.

5.1b.5.b Current modes. Whei multiple modes of operation exist, a means
should be prbvM 6- -d7,ina the user of t.,e current mode.

5.15,5.6 Hjhlightad option selection. When a displayed message or datum
is selected as an o Fc'r iut to the system, the subject item shall be
highlighted to indicate acknowledgment oy the system.

5.15.5.7 User input rejection. If the system rejects a user input,
4eedback shal Kprovided to indicate the reason for rejection and the
'equired corrective action. Feedback should be self explanatory.
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5.15.5.8 Feedback message content. Users shall not be required to
translate feedback messages by use of reference system or code sheets.
Abbreviations shall not be used unless necessary.

5.15.5.9 Time-consuming processes. 1he system shall give warning
information when a command is invoked which will be time consuming or
expensive to process.

5.15.6 Prompts.

5.15.6.1 Use. Prompts and help instructions shall be used to explain
commands, error messages, system capabilities, display formats, procedures,
and sequences and to provide data. Prompting should conform to the following:

a. When operating in special modes the system should display the mode
designation and file(s) being processed.

b. Before processing any user requests which would result in extensive or
final changes to existing data, the system should require user confirmation.

c. When missing data are detected, the system shall prompt the user.

d. When data entries or changes will be nullified by an abort action, the
user should be requested to confirm the abort.

e. Neither humor nor admonishment should be used in structuring messages;
the dialog should be strictly factual and informative for the user.

f. Error messages should appear as close as possible to the user entry
that caused the message.

g. If a user repeats an entry error, the second error message should be
revised to include a noticeable change so that the user may be certain that
the computer has processed the attempted correctior.

5.15.6.2 Standard display, Prompting messages shall be displayed in a
standardized area of the displays.

5.15.6.3 Explicit prompts. Prompts and help instructions for
systemcontrolled dialogue shall be explicit and the user shall not be required
to memorize lengthy sequences or refer to secondary written procedural
references.

5.15.6.4 Prompt clarity. Prompts shall be clear and understandable. They
shall not require reference to coding schemes or conventions which may be
unfamiliar to occasional users.

5.15.6.5 Definitions. A dictionary of abbreviations and codes shall be
available on-line. Definitions of allowable options and ranges of values
should be displayable at the user's request.
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O 5.15.6.6 Consistent terminology. On-line documentation, off-line
documentation, and help instructions shall use consistent terminology.

5.15.6.7 User confirmation. User acceptance of stored data or defaults
shall be possible by a single confirming keystroke.

5.15.7 Default.

5.15.7.1 Workload reduction. Default values shall be used to reduce user
workload. Currently defined default values should be displayed automatically
in their appropriate data fields with the initiation of a data entry
transaction and the user shall indicate acceptance of the default.

5.15.7.2 User selection. The user should have the option of generating
default values based on operational experience if the systems designer cannot
predefine appropriate values.

5.15.7.3 Default substitution. The user shall be able to replace any
default value-during a given transaction without changing the default
definition.

5.15.7.4 Defaults for sequential entries. Where a series of default values
have 'been defined for a data entry sequence, the user shall be allowed to
default all entries or to default until the next required entry. The
experienced user may not wish to accept each default value for each data field
individually.

5.15.8 Error management/idata protection.

5.15.8.1 Error correction. Where users are required to make entries into a
system, an easy mean, shal- be provided for correcting erroneous entries. The
system shall permit correction of individual errors without requiring re-entry
of correctly enteeed comiands or data elements.

5.15.8.2 Early detection. A capability should be provided to facilitate
detection and corr', lo n-do errors after keying in, but before entering into
the system. While it i. desirable that errors be detected early, error
checking should o cur at logical data entry breaks, e.g., at the end of data
fields rather than character-by-character, in order to avoid disrupting the
user.

5.15.8.3 Internal software checks. User errors shall be minimized by use
of internal software 'cecks o user entries for validity of item, sequence of
entry, completeness of entry, and range of value.

5.15.8.4 Critical entries. The system shall require the user to
acknowledqe critical entries prior to their being implemented by the system.
An explicitly labeled CONFIRM function key, different from the ENTER key,
should be provided for user confirmation of control and data entries that have
been questioned by the computer.
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5.15.8.5 Error message content. Error messages shall be constructive and
neutral in tone, avoiding phrases that suggest a judgment of the user's
behavior. The error messages shall reflect the user's view, not that of the
programmer. Error messages should be appropriate to the user's level of
training, be as specific as possible to the user's particular application, and
describe a way to remedy, recover, or escape from the error situation.

5.15.8.6 Error recovery and process change. The user shall be able to stop
the control process at any point in a sequence as a result of indicated error
or as an option. The user shall be able to return easily to previous levels
in multi-step processes in order to nullify an error or to effect a desired
change.

5.15.8.7 Diagnostic information. Error messages shall explicitly provide
as much diagnostic information and remedial direction as can be inferred
reliably from the error condition. Where clear inference is not possible,
probable helpful inference(s) may be offered.

5.15.8.8 Correction entry and confirmation. When the user enters
correction of an error, such corrections shall be implemented by an explicit
action by the user (e.g., actuation of an ENTER key.) All error corrections
by the user shall be acknowledged by the systems either by indicating a
correct entry has been made or by another error message.

5.15.8.9 Spelling errors, Spelling and other common errors shall not
produce vali system commands or initiate transactions different from those
intended. When possible, the system shall recognize common misspellings of
commands and execute the commands as if spelling had been correct. Computer-
corrected commands, values, and spellings shall be displayed and highlighted
for user comfirmation.

5.15.8.10 Errors in stacked commands. To prompt for corrections of an
error in stacked commahds, Thesyste shall display the stacked sequence with
the error highlighted. Where possible, a procedure shall be provided to
correct the error and salvage the stack.

5.15.B.11 Display of erroneous entries. A computer-detected error, as well
as the error message, shall be continuous y displayed until the error is
corrected.

5.15.8.12 Help. In addition to explicit error management aids, (labels,
prompts, advisory messages) and implicit aids (cueing), users should be able
to obtain further on-line guidance by requesting HELP. Following the output
of a simple error message, users should be permitted to request a more
detailed discussicn at levels of increasing detail.

5.15.8.12.1 Standard action to request HELP. A simple, standard action
that is always available should be provided to request HELP.

5.15.8.12.2 Multilevel HELP. When an initial HELP display provides only
summary informaion, more tailed explanations should be provided in response
to repeated user requests for HELP.
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. 5.15.8.12.3 Browsing Help. Users should be permitted to browse through
on-line HELP displays, just as they would through a printed manual, to gain
familiarity with system functions and operating procedures.

5.15.8.13 Data security. Data shall be protected from unauthorized use,
potential loss from equipment failure, and user errors.

5.15.8.13.1 Automated security measures. Automated measures shall be
provided to minimize data loss from intruders in a system or from errors by
legitimate users.

5.15.8.13.2 Warning of threats to security. Computer logic shall be
provided that will generate messages and/or alarm signals in order to warn
users of attempted intrusion by unauthorized users.

5.15.8.13.3 Segregating real from simulated data. When simulated data and
system functions are provided (perhaps for user training), real data shall be
protected and real system use shall be clearly distinguished from all
simulated operations.

5.15.8.13.4 Display of simulated data. In applications where either real
or simulated data can be displayed, a clear indication of simulated data shall
be included as part of the classification label.

5.15.8.13.5 Displayed security classification. When displayed data areS classified for security purposes, a prominent indication of security
classification level shall be labeled in each display.

5.15.8.13.6 User identification. User identification procedures shall be
as simple as possible, 'onsistent with adequate daita protection. For
protection of the password, the password shall not be echoed on the display.
See 5.15.1.2. Audio feedback, rather than visual, shall be provided when
inputing secure passwords during log-on.

5.15.8.13.7 Choice of passwords. When passwords are required, users shall
be allowed to choose their own passwords since a password chosen by a user
will generally be easier for that individual to remember. Guidelines for
password selection shall be given so that users will not choose easily
guessable ones.

5.15.8.13.8 Changingpasswords. Users should be allowed to change
passwords whenever they choose; all passwords should be changed at periodic
intervals.

5.15.9 System response time. Maximum system response times for real-time
systems (e.g., fire control systems, command and control systems) shall not
exceed the values of Table XXIX. Non-real-time systems may permit relaxed
response times. If computer response time will exceed 15 seconds, the user
should be given a message indicating that the system is responding.

. 5.15.10 Other requirements.
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Table XXIX. System Response Times

Maximum
Acceptable

System Response
Interpretation Response Time Definition Time (Secs)

Key Response Key depression until positive 0.1
response; for example, "click"

Key Print Key depression until appearance of 0.2
character

Page Turn End of request until first few 1.0
lines are visible

Page Scan End of request until text begins 0.5
to scroll

XV Entry From selection of field until visual 0.2
veri fication

Function From selection of comwand until 2.0
response

Pointing From input of point to display Ooint 0.2

Sketching From input of point to display of line 0.2

Local Update Change to image using local data base; 0.5
for example, now meu list from
disp'lay buffer

Host Update Change where data is at host in 2.0
re&dily accessible form; for example,
a scale change of existing image

File Update Image update requires an access to a 10.0
host file

Inquiry (Simple) From comaand until display of a .. 0
commonly used message

Inquiry (Complex) Response message requires seldom used 10.0
cwlculatlons in graphic form

Error Feedback From entry of input until error 2.0
message appears
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5.15.10.1 Overlays. Mechanical overlays, such as coverings over the
keyboard or transparent sheets placed on the display, shall be avoided.

5.15.10.2 Hard copy. The user shall have the capability to obtain a paper
copy of the exact contents of the alphanumeric or digital graphic display in
those systems where:

a) Mass storage is restricted.

b) Mass stored data can be lost by power interruption, or

c) Record keeping is required.

5.15.10.2.1 Display print. The user shall be able to print a display by
simple request, (e.g., PRINT-SCREEN) without having to take a series of other
actions first, such as calling for the display to be filed, specifying a
filename, then calling for a print of that named file.

5.15.10.2.2 Print page. The user shall have the capability to request
printing of a single page, or sequence of pages, by specifying the page
numbers.

5.15.11 Data and message transmission. See 5.15.8.13.1 and 5.15.8.13.2.

5.15.11.1 Functional integration. Data transmission functions shall be
integrated with other information handling functions within a system. A user
should be able to transmit data using the same computer system and procedures
used for general entry, display and other processing of data.

5.15.11.2 Consistent procedures. Procedures for preparing, sending and
receiving data ana messages shall be consistent from one transaction to
another, and consistent with procedures for other infomation handling tasks.

5.15.11.3 Minimal moy load on users. The data transmission procedures
should minimize memory load on the users by providing computer aids for
automatic insertion of standard information, such as headers and distribution
lists.

5.15.11.4 trEopt. Users should be allowed to interrupt message
preparation, review, or disposition and then resume any of those tasks from
the point of interruption.

5.15.11.5 Stored message forms. Where message formats conform to a defined
standard or are predictable in other ways, prestored forms shall be provided
to aid users in message preparation.

5.15.11.6 Incorporate existing files. Users should be allowed to
incorporate an existing data file in a nessage, or to combine several files
into a single message for transmission and to combine stored data with new
data when preparing messages for transmission. It should not be necessary to. re-enter any data already entered for other purposes.
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5.15.11.7 Addresses.

5.15.11.7.1 Prompting address entry. When users must specify the address
for messages, prompting should be provided to guide the user in the process.

5.15.11.7.2 Address director . Users should be provided with an on-line
directory showing all acceptabe forms of message addressing for each
destination in the system, and for links to external systems.

5.15.11.7.3 Aids for directory search. Computer aids should be provided so
that a user can search an address directory by specifying a complete or
partial name. It should also be possible to extract selected addresses from a
directory for direct insertion into a header in order to specify the
destination(s) for a message.
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6. NOTES

(This section contains information of a general or explanatory nature that
may be helpful, but is not mandatory.)

6.1 Intended use. This standard is intended for use as design criteria for
military systems, equipment, and facilities, cited contractually in system
specifications and elsewhere, and for use as a basis for structuring that part
of human factors testing where design characteristics are assessed for
purposes of acceptance. It is not intended for use to express binding
requirements in conceptual and other early acquisition phases. The standard
may be applied to traditional, as well as non-developmental item (NDI)
acquisitions.

6.2 Issue of DODISS. When this standard is used in acquisition, the
applicable issue of the DODISS must be cited in the solicitation (see 2.1.1
and 2.2).

6.3 Subject term -(key wordl listin9 .

Aerospace Vehicles
Anthropometry
Controls
Control/di splay integration
Design
Displays
Environment
Ergonomics
Hazards
Human engineering
Human factors
Labeling
Maintainer
Safety
Remote handling
User-computer interface
Vehicles
Workspace

6.4 Changes from previou issue. Marginal notations are not used in this
revisio- to identify changes with respect to the previous issue due to the
extensiveness of the changes.
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APPENDIX

GUIDANCE DOCUMENTS

10 SCOPE

The documents listed in this appendix provide supplementary information,
criteria, and guidance that may be used, as applicable, to assist the designer
in complying with the requirements of this standard. Their application is not
to be regarded as mandatory, unless so specified by the procuring activity.

20 TRI-SERVICE PUBLICATIONS

DOD-HDBK-763 Human Engineering Procedures Guide

MIL-H-46855 Human Engineering Requirements for Military Systems,
Equipment and Facilities

MIL-HDBK-141 Optical Design

TB MED 81 Cold Injury
NAVMED P-5052-29
AFP 161-11

TB MED 507 Prevention, Treatment and Control of Heat Injury
NAVMED P-5052-5
AFP 161-1

CSC-STD-002-85 Department of Defense Password Management Guide
(Fort George G. Meade, MD: Department of Defense
Security Center.)

30 ARMY PUBLICATIONS

30.1 Regulations

AR 40-10 Health Hazard Assessment Progran in Support of the
Army Materiel Acquisition Decision Process

AR 40-14 Control and Recording Procedures, Occupational
Exposure to Ionizing Radiation

AR 385-16 Safety for Systems, Associated Subsystems and
Equi pment

AR 700-52 Licensing and Control of Sources of Ionizing
Radiation
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30.2 Pamphlets & Bulletins -

AMCP 706-134 Maintainability Guide for Design (AD 823 539)

TB tIED 62 Diagnostic X-Ray, Therapeutic X-Ray, and Gamma Beam
Protection for Energies up to 10 Mlillion Electron
Volts

TB MED 501 Hearing Conservation

TB MED 270 Control of Hazards to Health from Microwave Radiation

TB MED 279 Control of Hazards to Health from Laser Radiation

TB MED 288 Medical Problems of Man at High Terrestrial
Elevations

30.3 Design Criteria Handbook

MIL-HDBK-759 Human Factors Engineering Design for Army
Materiel

DOD-HDBK-761 Human Engineering Guide for Management

Information Systems

30.4 Reports

Aviation Sys Command Study to Determine the Impact of Aircrew
AVSCOM Rept 75-47 Anthropometry on Airframe Configuration

Natick Laboratories Reference Anthropometry of the Arctic
TR EPT-2 Equipped Soldier (AD 449 4831)

Natick Laboratories The Carrying of Loads within an Infantry
TR 73-51-CE Company (AD 762 559)

USAAMRDL Crash Survival Design Guide (Revised 1971)
TR 71-22

USAHEL TM 4-77 A Human Factors Evaluation of a Vertical Scale
Instrument Display System for the OV-10 Aircraft
(AD A03 6050)

40 NAVY PUBLICATIONS

40.1 Manual

NAVAIR 00-807-99 U.S. Naval Aerospace Physiologist's Manual, 1972
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S 40.2 Reports

NATC Rept TM 77-1 SY Analysis of Flight Clothing Effects on
Aircrew Station Geometry (AD A046260)

NAMRL Report 1164 Empirical Reduction in Potential User Population
as the Result of Imposed Multivariate
Anthropometric Limits (AD 752 032)

NAVMISCEN Report Reduction in Potential User Population as
TP-74-6 the Result of Imposed Anthropometric Limits:

Monte Carlo Estimation (AD 919 319L)

NAVSHIPS 94323 Human Engineering Guidelines for Maintainability

NEL Report 688 Listening to Differentially Filtered Competing
Voice Messages

NRL Report 155 Premodulation Speech Clipping and Filtering:
Their Effects on the Intelligibility of Speech

PACMISTESTCEN The Accommodated Proportion of a Potential User
Report TM-75-46 Population: Compilation and Comparisons of

Methods for Estimation

PACMISTESTCEN Computerized Accommodated Percentage (CAPE)
Report TP-75-49 Model for Cockpit Analysis and other Exclusion

Studies (AD BOO8 948L)

PACMISTESTCEN Improved Seat, Console and Workplace Design
Report TP-76-1 (AD A040 479)

PACMISTESTCEN Recommended Human Exposure Limits for Very-Low-
Report TP-76-36 Frequency Vibration

PACMISTESTCEN Computerized Accommodated Percentage Evaluation:
Report TP-76-46 Review and Prospectus (AD A035 205)

40.2 Notes

NAVMEDNOTE 6260 Hazardous Noise Areas, Equipment, Machine and
Tools; Identification of

50 AIR FORCE PUBLICATIONS

50.1 Manuals

AFM 127-201 Missile Safety Handbook

AFP 160-6-7 Maximumn Permissible Body Burdens and Maximum
Permissible Concentrations of Radio-Nuclides in
Air and Water for Occupational Exposure
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50.2 Reports

AFSWC TR 59-11 Human Factors Handbook for Design of Transporting,
Positioning, and Lifting Ground Support Equipment
(AD 227 311)

AFSWC TR 59-12 Human Factors Handbook for Design of Testing and
Monitoring Ground Support Equipment (AD 227 312)

AFSWC TR 59-13 Human Factors Handbook for Design of Protective
and Storage Ground Support Equipment (AD 227 313)

AMRL TDR 64-59 Reach Capability of the USAF Population (AD 608 269)

AMRL TR 65-73 Anthropometry of Common Working Positions
(AD 632 241)

AIIRL TR 66-27 Aperture Sizes and Depths of Reach for One and
Two-Handed Tasks (AD 646 716)

AMRL TR 68-24 Clearance and Performance Values for the Bare-Handed
and the Pressure-Gloved (AD 681 457)

AMRL TR 69-6 Anthropometric Dimensions of Air Force Pressure-
Suited Personnel for Workspace and Design Criteria
(AD 697 022)

AMRL TR 70-114 Horizontal Static Forces Exerted by Men Standing in
Common Working Positions on Surfaces of Various
Tractions (AD 720 252)

ASD TR 61-381 Guide to the Design of Mechanical Equipment for
Maintainability (AD 271 477)

ASD TR 61-424 Guide to Integrated System Design for
Maintainability (AD 271 477)

ESD TR 62-4 A Test of the 20 Band and Octave Band Methods of
Computing the Articulation Index (AD 271 606)

ESO TR 63-403 Psychoacoustic Speech Test: A Modified Rhyme Test

ESD Th 86-278 Guidelines for Designing User Interface Software
(AD-A 177 198)

FOL TR 64-86 Investigation of Aerospace Vehicle Crew Station
Criteria (AD 452 187)

RADC TDR-63-315 Criteria for Group Display Chains for The 1962-1965
Time Period (AD 283 390)
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WADC TR 52-204 Handbook of Acoustic Noise Control (AD 18 260)

WADC TR 54-520 The Anthropometry of Work Positions (AD 110 573)

WADC TR 55-159 Space Requirements of the Seated Operator (AD 87 892)

WADC TR 56-218 Guide to the Design of Electronic Equipment for
Maintainability (AD 101 729)

WADC TN 57-248 Acoustical Criteria for Work Spaces, Living Quarters,
and Other Areas on Air Bases (AD 130 839)

WADD TR 58-474 The Effect of Team Size and Intermember Communication
on decision-Making Performance (AD 215 621)

WADD TR 60-814 Audio Warning Signals for Air Force Weapon Systems
(AD 258 477)

50.3 Air Force Systems Command Design Handbooks

Copies of Air Force Systems Command design criteria handbooks may be
obtained by nongovernmental organizations when compliance therewith is
required by a Government contract, or when possession of the handbook will
otherwise benefit the Governent. Requests for the following handbooks should.be directed to 4950/TZHM, Wright-Patterson AFB, OH 45433:

AFSC OH 1.1 General Index and Reference

AFSC OH 1-3 Hutan Factors Engineering

AFSC OH 1-6 System Safety

AFSC OH 2-1 Airframe

AFSC OH 2-2 Crew Stations and Passenger Accommodatios

AFSC OH 2-3 Propulsion and Power

AFSC OH 2-6 Ground Equipment and Facilities

60 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION PUBLICATIONS

60.1 Standards

(Copies of the following documents can be obtained by qualified
requesters from MSIS Custodian/SP34, NASA-Johnson Spate Center, Houston, TX
77058)
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NASA-STD-3000, Volume I Man-Systems Integration Standards

NASA-STD-3000, Volume II Man-Systems Integration Standards-Appendices

60.2 Book

Copies of the following documents can be obtained from the Superintendent
of Documents, U.S. Government Printing Office, Washington, DC 20402

Bioastronautics Data Bcok, Second Edition, t3.F. Parker and V. R. West,
eds., NASA SP-3006.

70 VOLUNTARY STANDARDS AND GUIDES

70.,1 American National Standards Institute (ASI)

Copies of. the following standards can be obtained at a nominal cost from
the ANSI, 1440 Broadway, New York, New York 10018.

A9.1 Building Exits Code (NFPA 101)

A11.1 Practice for Industrial Lighting

A12 Safety Code for Floor and Wall Openings, Railings and
Toe Boards

A14.3 Safety Code for Fixed Ladders

C1 National Electrical Code .(NFPA 70)

C2 National Electrical Safety Code (NOS H30)

$1.11-1966 Octave, Half-Octave and Third-Octave Band Filter Sets

Z35.1 Specifications for Industrial Accident Prevention
Signs

Z136.1 The Safe Use of Lasers

70.2 American Society of Heating Refri geratinq and Air-Conditionig
Engineers (ASHRAE), Copies Of the following documents can be obtan- at a
nominal cost from the ASHRAE, 1791 Tullie Avenue, NE, Atlanta, GA 30329.

Standard 55-81 Thermal Environmental Conditions for Human Occupancy

Standard 62-81 Ventilation for Acceptable Indsor Air Quality Guide
and Data Book (latest edition)
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70.3 National Fire Protection Association (NFPA). Copies of the following
document may be obtained from the NFPA, 60 Batterymarch Street, Boston, MA
02110

NFPA 101 Code for Safety to Life from Fire in Buildings and
(1985) Structures

80 BOOKS

The documents listed below are normally available in general and
technical libraries:

a. A Collation of Anthropometry, J. W, Garett and K. W. Kennedy.
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio.
1971. (2 Volumes) (AD 723 629; Library ofCongress Catalog Card
No. 74-607818)

b. Directions in Human/Computer Interaction. A. Badre and
B. Schneiderman, Eds, Ablex Publishing, Norwood, NJ, 1982

c. Fundamentals of Interactive Computer Graphics, J. D. Foley and
A. Van Dam, Addison-Wesley, Reading, IA, 1982

d. General Safety Requirements - U.S. Army Engineer Manual 385-1-1.

e. Guide to Human Engineering Design for Visual Displays, D. Meister
and D. J,-Sul-livin; The Bunker-Ramo Corp., C-ntact 0.Oi466-C-O27E, Work
Unit No. NR196-080 (AD 693 237), Office of Naval Recearch, 30 August 1969.

f. Human Engineering Guide to Equipment Design - H. P. Van Cott, and
R. G. Kinkade, eds, Wiley 605 Third Ave., New York, NY 10158, 1972 (Library of
Congress Catalog Card No. 72600054).

g. Industrial Ventilation Manual of Recommended Practice - Latest
Edition, Amirican Conference of Governmental Industrial Hygienists, Committee
on Industrial Ventilation, P.O. Box 453, Lansing, Michigan.

h. Lighting Handbook, Illuminating Engineering Society (IES), latest
edition.

i. Software Psychology: Human Factors in. Computer and Information
Systems. B. Schnelderman, Winthrop Publishers, Cambridge, MA, 1980.

j. SybolSourceBook. H. Dreyfuss, 1972, McGraw-Hill Book Company.
Library of Congress Card No. 71-172261.

k. The Human Body in Equipment Design, A. Damon, H, W. Stoudt, and
R. A. McFarland, Harvard University Press, Cambridge, Mass, 1966. (Library of
Congress Catalog Card No. 65-22067).

0
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1. Engineering Anthropometry Methods. J. A. Roebuck, K. H. E. Kroemer and
W. G. Thomson, John Wiley and Sons, New York, NY 1975 (Library of Congres)
Catalog No. 74-34272.)

Copies of specification, standards, and other publications required by
contractors in connection with specific procurement functions should be
obtained from the procuring agency or as directed by the contracting officer.

Technical society and technical association specifications and standards
are generally available for reference from libraries. They are also
distributed among technical groups and using Federal Agencies.

2
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INDEX
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Abort, definition ..................- 3.1 9
Abbreviations

command names ------------------------------------- 5.15.4.5.5 2e9
display content ------------------------------------ 5.15.3.2.3 255
labels ----------------------------------------------- 5.5.3.2 122
metric, definition ----------------------------------- 3.45 13
user-computer interface ------------------------------ 5.15.2.1.9 249

Abbreviations and acronyms.---------------------------- 5.15.3.2.3 255
Abbreviations, mnemonics and codes --------------------- 5.15.2.1.9 249
Access

arm --------------------------------------------- 5.9.9.5.1 187
automotive subsystems ------------------------------ 5.12.9.1.3 230
body ------------------------------------------------ 5.7.8.3 163
cable ----------------------------------------------- 5.9.13.5 206
component, vehicle ---------------------------------- 5.12.6.1.3 230
construction equipment --- ------------------------ 5.12.8.7 230
control/display integration ------------------------ -- 5.1.2.t.1.2 22
cover attachment ------------.---------------------- 5.0.9.7 190
covers, design -------------------------------------- 5.0.0 167
dimensions, reach ---------------------------------- 5.9,9.5.1.2 187
dimensions, remove and replace --------------- ------- 5.0.9.5.1.4 190
dimensions, tool ----------------------------------- 5.9.9.5.1.3 187
displays ------------------------------ ------- 5,2.1.4.2 29
fasteners- --------------------------- 59.10.0 192
foot controls ------ ------------------------------- 5,14.2.4.5 241
guarding hazardous conditions ------------------ 5.9.0.5.1.5 100
hand ------------------------------------------------ 5.9.9.5.1 187
hazardous ------------------------------------------- 5.13..53 235
labeling --------------- -------- ----------------- 5.0.9.3 107
labels --------...-------------------------------------. 5.4.4 122
large itee ----------------------------------------- 5.9,4,2 185
maintainability ------------------------------------- 5.94 185
opening covers ------------------------------ 59.9.1.1 17
openings and covers -------------------------- ------ 5.0 187
physical -------------------------------------------. 5.9,9,.5 187
rear ------------------------------------------------ 5.9.4.4 185
safety -------------------------------------------- 5.13.5.2 235
simultaneous, control/display Integration --------- 5.1.1.8 21
type of opening ---------------------------------- 5.9.9.5.1.6 190
visibility, lifting vehcle .------------------------- 5.12.8.6 230
visual ---------------------------------------------- 5.9.g.6 190
visual displays ------------------------------------ 5.2.1.2.4 29

Access openings and covers --------------------......... 5.9.9 187
#ccess cover atachment ------------------------------ 5.9.9.7 190
application ----------------------------------------- 5.9.9.1 187
arm and hand access --------------------------------- .5..9.5.1 187
guarding hazardout conditions -----------------------. 9..5.1.5 190
labeling ------------------------------------------- 5.0.9.3 187
opening covers ------------------------------------ 5.9.51.1 187
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physical access -------------------------------------- 5.9.9.5 187-
reach access dimensions ------------------------------ 5.9.9.5.1.2 187
remove and replace dimensions ------------------------ 5.9.9.5.1.4 190
rounding --------------------------------------------- 5.9.9.4 187
self-supporting covers ------------------------------- 5.9.9.2 187
tool access dimensions ------------------------------- 5.9.9.5.1.3 187
type of opening -------------------------------------- 5.9.9.5.1.6 190
visual access ---------------------------------------- 5.9.9.6 190

Accessible, definition ------------------------------- 3.2 9
Acceswibility, design for uaintainer ------------------ 5.9.4 185

high failure rate items ---------------------------- 5.9.4.6 185
large item ----------------------------------------- 5.9.4.2 185
rear access -------------------------------------- 5.9.4.4 185
relative accessibility ----------------------------- 5.9.4.5 185
skills ----------------------------------------------- 5.9.4.7 185
structural members -------------------------------- 5.9.4.1 185
use of tools and test equipment --------------------- 5.9.4.3 185

Accessibility, fasteners ------------------------------ 5.0.10.0 192
Accessibility of handsets ------------------------------ 5.3.9.3 84
Accessories, optical Instruments ------------------------ 5.11.3.15 219

filters ---------------------------------------------- 5.11.3.15.1 219
general ------------------------------------------ 5.11.3.15.1.1 219
positioning aids ----------------------------------- 5,11.3.15.3 221
shutters------------------------------------------ 5.11.3.15.2 221
Us# -------.W.-----. .... ...- ****------------------- 5.11.3.15.1.2 219

Accidential activation, prevention of
controls ---------------------------------- 5.41.8 70
ganged control knobs -------------------------------- 5.4.2.2.2.6 84
rocker switch --------------------------------------- 5.4.3.1.0.2 07
slide switch ---------------------------------------- 5.4.3.1.7.2 99
toggle switch -------------------------------------- 5.4.3.1.4.2 04

Accidental actuation
interactive control -------------------------------- .15.4.1.3 265
rocker switch ------------------------------------- .4.3.1.0.2 97
slide switch controls ------------------------------- 5.4.3.1.7.2 99
toggle switch control -------------------------------- -5.4.3.1.4.2 04

Accomodation, visual (optical equipment) ------------- 5.11.3.2 216
Acoustic environment, compatibility ------------------ 5.3.44.2 0
Acoustical envirentent, audio signals ------------------ 5.3.3.2.1 57
Acoutical noise, environment -------------------------- 5.8.3 175

attenuation by materials and layout ----------------- 5.0.3.4.2 177
extreme quite area..-------------------------------- 5.6.3.3.5 175
facility design ------------------------------------- 5.8.3.4 177
general .------------------------ 5.8.3.1 17S
general provision --------------------------------- 5..3.4.1 177
general workspace ---------------------------------- 5.8.3.3.1 175
hazardous noise ----------------.------------------- 5.8.3.2 175
large workspaces---------------------------------- 5.8.3.3.3 175
non-htardous noise -------------------------------- 5.8.3.3 175
operational areas ----------------------------------- 5.8.3.3.2 175
reduction of reverberation time ---------------------- 5.6.3.4.3 177
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shipboard areas - 5.8.3.3.6 175

small office spaces/special areas ------------------- 5.8.3.3.4 175

Action, immediate controls (coding) --------------- 5.4.1.4.5.2 72

Action, snap (flags) ---------------------------------- 5.2.1.5,3 49

Action segment, audio signal -------------------------- 5.3.4.3.4. 59

Active option presentation, user-computer interface ----- 5.15.4.2.3 266

Activation, accidental
rocker switch ------------------------------------- 5.4.3.1.6.2 97

slide switch -------------------------------------- 5.4.3.1.7.2 99

toggle switch --------------------------------------- 5.4.3.1.4.2 94

Actuation
fixed function keys --------------------------------- 5.15.2.3.7 251

latch-handle (escape exits)------------------------ 5.14.4.2.4 244

lightpen ------------------------------------------ 5.15.2.5.3 252

directional controllers ----------------------- 5.15.2.6.2 2S2

Adaptation, dark (labels) ----------------------------- 5.5.5.2 123

Adapters. connectors --------------------------------- 5.9.14.12 207

Address directory ------------------------------------- 5.15.11.7.2 278

Addreses ---------------------------------------------- 5.15.11.7 278

aids for directory search --------------------------- 5,15.11.7.3 278

address directory ---------------------------------.. 15.11.7.2 278

prompting address entry ----------------------------- 5.15.11.7.1 278

Adjacent surfaces. CRT displays --------------- n.-------- 5.2.4.8 45

Adjustable dimensions, anthropometr .------------------ 5.0.3.4 143

Adjustibility. item ------------------------------------ 5.9.1.4 183

Adjustment
blind screwdriver-------------------------------- 5.0.3,2 184

borosight knobs ------.--------------- 5,11.3.18.7.3 222

calibration ----------------------------------------- 5.0.,3.4 184

component. vehicle ----------------------------------- 5.12.0.1.3 230

control limits ------------------------------------- 5..3.4 184

controls. design for maintainer -------------------- 5.9.3 184

controls. hazardous locations ----------------------- 5.9.3.0 175

controls, maintenanoe and -------------------------- 5.4.1.3.6 66

critical and sensitive controls --------------------- 5.9.3.5 164

eyepiece ------------........---------------------- 5.11.3.0 217

fore and aft. aerospace seats -------------------- 5,1.2.4.2 241

hazardous locations -------------------------------- 5.9.3.6 185

horizontal, aerospace seats -------------------------- 5.14.2.4.2 241

horizontal. vehicle seats ---------------------------- 5.12.23 223

knob -------------------------------------------------...9.3.1 184

reference scale -------------------------------------... Q.3.3 154

swivel. aerospace seats -------------------------- 5.14,24.3 241

test points -----------------------------------------... l 207

vertical, aerospace seats --------------------------- 5.14.2.4.2 241

vertical, seats ------------------------------------- 5.7,3.4,2 346

vertical, vehicle seats ----------------------------- 5.12.2.2 223

Advisory and alerting. visual displays ----------------- 5.2.1.3.11 28

advisory signal, definition -------------------------- 3.3 9

Aerospace vehicle compartments ------------------------ 5.14 230

eneral----------------------------------- --- 5.14.1 239
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Aids
backpacking --------------------------------------- 5.11.1.2.4 .15
evacuation, emergency 5.14.4.1.6 244
directory search ------------------------------------- 5.15.10.7.3 278
job, plotters 5.2--.4.5 49
lifting, man-transportability -- 5.11.1.2.3 215
lifting, portability --------------------------------- 5.11.1.1.2 213
positioning, optical equipment ----------------------- 5113.1 221
positioning, optical instruments --------------------- 5.11.3.15.3 221
turning, handwheel ----------------------------------- 5.4.2.2.5.2 86

Air conditioning, environment ------------------------- 5.8.1.3 167
Aircrew stations

aeronautical -------------------------------------- 5.14.2.1 240
audio signals ---------- --------------------------- 5.3.1.6 55
visual display signal -------------------------------- 5.2.1.4.13 32

Air Force surface colors -------------------------------- 5.7.9.3 163
Alarm settings, user-computer interface --- 5.15.3.8.7 263

Alarms, false (audio) ----------------------------------- 5.3.1.3 55
Alarms, interlocks -------------------------------------- 5.13.5.1 235
Alerting capability, audio signals ---------------------- 5.3.4.2 58

attention ------------------------------------------- 5.3.4.2.1 58
dichotic presentation ------------------------------ 5.3.4.2.3 58
headset ------------------------------------------ 5.3.4.2.4 58

onset and sound pressure level ---------------------- 5.3.4.2.2 58
Alerting device, hazard ------------------------------- 5.13.4.1 233

Alerting/mining, visual displays ----------------------- 5.2.1.1 27

Alighting impact, escape capsule ----------------------- 5.14.3.8.3 244
Alignment

ease and cover mounting ---------------------------- 5.9.6 186

connectoro -------------------------------------- 5.9.14.4 206

mounting -------------------------------------------- 5.9.12.4 105

pine and keyways, connectors ------------------------ 5.9.14.5 206

pointer, circular scales --------------------------- 5 ,2.3.2.3.5 42

pointer, curved, horizontal & vertical scales -------- 5.2.3.2.4.5 42
pointer, moving scale ------------------------------ 5.2.3.3.3 44

projected data -------- ---------------------------- 5.2.6.0.4.4 51

remote handling equipment -------------------------- 5.10.1.1 211

Allocation of functions ------------------------------- 4.3 17

Alphanumeric character and symbol sizes
electroluminescent displays ------------------------ 5.2.6.9.2 53
dot matrix/segmnted displays ----------------------- 5.2.6.8.4 52

Alphanumeric grouping --------------------------------- 5.15.3.5.8 258

Alphanumeric keyboard --------------------------------- 5.4.3.1.3.2 92

Ambient illuminance, CRT ------------------------------ 5.2.4.6 45

Ambient lighting, controls coding ---------------------- 5.4.1.4.5.5 72

Ambient noise level, listner to apeaker distance -------- 5.8.3.3 175

Ambiguity, lack of (control/display integration) -------- 5.1.3.1 23

Angle
back-rest, vehicle seats ---------------------------- 5.12.2.4 223

panel, console ------------------------------------- 5.7.0.1.2 153

viewing ------------------------------------------ 5.7.6.1.5 156
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viewing, optical equipment --------------------------- 5.11.3.3 216
of ascent. vs type structure ------------------------- 5.7.7.1.1 156
of incidence, definition ----------------------------- 3.4 9
of incidence, windows, canopies & windshields -------- 5.14.1.1.3 239
of incline, inclines, stairs & ladders --------------- 5.14.3.5.1 243

Annotation
plotters and recorders ------------------------------- 5.2.6.4.7 49
printers --------------------------------------------- 5.2.8.3.6 48

Anthropometry ------------------------------------------- 5.6 129
adJustable dimensions -------------------------------- 5.8.3.4 143
anthropometric data ---------------------------------- 5.6.2 129
clearanoe dimensions ------------------------------- 5.6.3.2 143
clothing and personal equipment --------------------- 5.8.3.5 143
data limitations ---------------------------------- 5.0.3.1 143
general ------------------------------------------ 5.e.1 120
limiting dimensions -------------------------------- 5.6.3.3 143
special populations -------------------------------- 5.6.4 143
use of data ----------------------------------------- 5.6.3 143

Application, MIL-STD-1472D ------------------------------ 1.3 1
Application or use

access openings & covers --------------------------- 5.9..1 187
audio displays -------------------------------------- 5.3.1.1 55
audio displays (user-computer interface) ---- --------. 15.3.81
ball control ---------------------------------------- 5.4.3.2.4.1 111
coding ---------------------------------------------- 5.2.3.1.10.1 41
coxmand language ---------------------------------- 5.15.4.5. 269
counters------------ -----------------------------------5.2..2.1 47
cranks --------------------------------------------- 5.4,2.2.4.1 64
directional controllers ----------------------------- 5.15.2.8.1 252
displacement (isotonic) joystick --------------------- 5.4.3.2.2 105
display coding --------------------------------------- 5.15.3.3.1 255
dot matrix/segmented displays ---------------------- 5.2.6.8.2 52
electroluminescent displays .------------------------- 5.2.6.9.1 63
feedback ----------------------------------------- 5.15.5.1 271
filters, optical instruments ------------------------ 5.11.3.15.1.2 210
fixed function keys -------------------------------- 5.15.2.3.1 250
flags ----------------------------------------------- 5.2.6.5.1 49
foot-operated controls ------------------------------ 5.4.1..80.1 73
form filling ----------------------------------------- 5.15.4.3.1 207
free-mving XY controller ---------------------------- 5.4.3.2.8,1 113
ganged control knobs ------------------------------- 5.4.2.2.2.1 81
graphic displays .---------------------------------- 5.15.3.6.1 258
graphic interaction --------------------------------- 5.15.4.9.1 171
grid and stylus devices ----------------------------- 5.4.3.2.5,1 111
handwheels ------------------------------------------ 5.4.2.2.5.1 66
high-force controls --------------------------------- 5.4.4.1 11
intended use, MIL-STD-1472D ------------------------- 6.1 27g
isometric joyxtick ----------------------------------- 5.4.3.2.3 106
keyboards (controls) -------------------------------- 5.4.3.1.3.1 92
keyboards (user-computer interface) ------------------ 5.15.2.2.1 250
key operated switches ------------------------------ 5.4.2.1.2.1 75
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knobs 5.4.2.2.1.1 811
labeling .................. 5.5.1.1 121
large screen displays ------------------------------ 5.2.5.1 46
LED's -------------------------------------------- 5.2.6.7.2 52
legend lights ------------------------------------- 5.2.2.2.1 36
levers ---------------------------------------------- 5.4.3.2.1.1 105
light pen (controls) ------------------------------- 5.4.3.2.7.1 114
lightpen (user-computer interface) ------------------ 5.15.2.5.1 251
mnu selection ------------------------------------ 5.15.4.2.1 266
liniature controls ----------------------------------- 5.4.5.1 120
optical projection displays ------------------------ 5.2.6.8.1 50
other visual displays ------------------------------ 5.2.6.1.2 47
pedals ---------------------------------------------- 5.4.3.2.8.1 114
plotters and recorders ------------------------------ 5.2.0.4.1 48
printed oircuit switch controls ---------------------- 5.4.3.1.9.1 104
printers ----- ------------------------------------ 5.2.6.3.1 48
prompts --------------------------------------------- 5.15.6.1 272
push button, finger or hand ------------------------ 7 5.4.3.1.1.1 88
push button, foot ------------------------------------ 5.4.3.1.2.1 88
push-pull controls --------------------------------- 5.4.3.1.8.1 101
query language dialogue ----------------------------- 5.15.4.7.1 270
question and answer dialogues ------------------------ 5.15.4.6.1 270
rocker switches --------..... ------ 5.4.3.1.6.1 97
rotary switches ------------------------------------- 5.4.2.1.1.1 74
scale indicators ----------------------------------- 5.2.3.1.2 39
simple indicator lights ---------------------------- 5.2.2.3.1 37
slide switches -------------------------------------- 5.4.3.1.7,1 4
tabular data --------------------------------------- 5.15.3.5.2 25
thumbwheel, continuous ----------------------------- 5.4.2.2.3.1 84
tbusbwheel, discrete ------------------------------- 5.4.2.1,3.1 77
toggle switch -----------------------------------------5.4.3.1.4.1 94
touch-screen controls -------------------------------------- 5.4.6.1 120
transilluninated display -------------------------- 5.2.2.1.1 33
tranxilluminated panel assemblies ----------- 5.2.2.4.1 37
variable function keys ------------------------------ 5.15,2.4.1 251

Arabic auserals ---------------------------------------- 5.15.3.5.0.4 257
Area

cutaway, emergency evacuation ----------------------- 5.14.4.1.3 243
extreme quite ------------------------------------- 58.3.3.5 175
band grasp, labels --------------------------------- 5.13.2.7 233
personnel work -------------------------------------- 5.7.7.6 159
seating, optical projection displays ----------------- 5.2.8.6.2 50
shipboard, noise ------------------------------------- 5.8.3.3.6 175
work, depth of --------.-.. ---------------- 5.7.1.3.1 145
Noise. operational areas --------------------------- 5.8.3.3.2 175
Noise, special area ---------------------------------- 5.8.3.3.4 175

Arm
Access ----------------------------------------------- 5.9.9.5.1 187
Controls------------------------------------------- 5.4.4.2 116
Dimensions --------------------------------------- 5.0.2 129
Strength ----------------- ---------------------- 5.4.4.2 116
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Support, tracking equipment ------------------------- 5.11.2.4 216
Armrests

aerospace seats ------------------------------------ 5.14.2.4.7 242
seats ------------------------------------------------ 5.7.3.4.5 147

Army Surface Colors ------------------------------------- 5.7.9.1 163
Arrangement

controls --------------------------------------------- 5.4.1.3 68
functional group, control/display integration -------- 5.1.2.1.1 21
left-to-right, control/display integration ----------- 5.1.2.3.1 22
tabular data ---------------------------------------- 5.15.3.5.3 257
visual displays ------------------------------------- 5.2.1.4 29

Arrangement and grouping, controls --------------------- 5.4.1.3 as
consistency ------------------------------------------- 5.4.1.3.4 68
grouping --------------------------------------------- 5.4.1.3.1 .68
location of primary controls ----------------------- 5.4.1.3.3 68
maintenance and adjustment -------------------------- 5.4.1.3.8 68
remote controls ------------------------------------- 5.4.1,3.5 68
Sequential operations ------------------------------ 5.4.1.3.2 68
spacing ------------------------------------------ 5.4.1.3.7 8

Arrangement and location, control/display Integration --- 5.1.2.2 22
Arrangement of Groups, shared work space -------------- 5.14.2.2.2 240
Arrangement within Groups, control/display integration -- 5.1.2.3 22
Arrays, vertical/horizontal, control/display integration 5.1.2.3.2 22
Assembl ie

labeling -------------------------------------------- 5.5.6.1 124
transilluminated panel ------------------------------ 5.2.2,4 37

Assembly equipment design ------------------------------ 5.9.1.0 183
Attention, audio signals ------------------------------- 5.3.4.2.1 58
Attenuation, noise ------------------------------------ 5.8.3.4.2 177
Audibility, audio signals ------------------------------ 5.3.4.1 58
Audio displays ----------------------------------------- 5.3 55

aircrew stations ------------------------------------- 5.3.1.6 55
circuit test ---------------------------------------- 5.3.1.5 55
failure --------------------------------------------- 5.3,1.4 55
false alarms --------------------------------------- 6.3.1.3 55
general --------------------------------------------- 5.3.1 55
signal type --------------------------------------- 5.3.1.2 55
use ------------------------------------------------- 5.3.1.1 55
use with several visual displays --------------------- 5.3.1.7 55

Audio displays, user-computer interface ---------------- 5,15.3.8 203
alarm settings ----------------------------------- 5.15.3.8.7 263
audibility ------------------------------------------- 5,15.3.8.6 263
frequency ------------------------------------------- 5.15.3.8.5 263
other requirements --------------------------------. 5.3.8.2 263
signal characteristics ------------------------------ 5.15.3.8.4 263
supportive function - audio ------------------------- 5.15.3.8.3 263
uses --------------------------------------------- 5.15.3.1 203

Audio signal
caution --------------------------------------------- 5.3.2.3 57
dichotic -------------------------------------------- 5.3.4.2.3 58
differeitiation ------------------------------------- 5.3.4.3.5 59

295



MIL-STD-14,2

INDEX
Paragraph Page

frequency range -------------------------------------- 5.3.3.1.1 57
functional evaluation 

................ 5.3.1.2 554

reaction time -... 5.3.2.2 57
relation to visual displays ------------------------ 5.3.2.4 57
use with visual display ---------------------------- 5.3.1.7 55

Audio signals, prohibited ----------------------------- 5..4.3.6 59
Audio warnings -------------------------------------- 5.3.2 55

caution signals ----------------------------------- 5.3.2.3 57
nature of signals --------------------------------- 5.3.2.2 57
relation to .visual displays ------------------------- 5.3.2.4 57
single element signal ------------------------------- 5.3.2.2.2 57
two element signals -------------------------------- 5.3.2.2.1 57
warning signals ----------------------------------- 5.3.2.1 55

Audio warning signals, characteristics of --------------- 5.3.3 57
Audio warning controls --------------------------------- 5.3.6 61
Automated security measures ---------------------------- 5.15.8.13.1 275
Automatic

data registration --------------------------------- 5.15.3.6.14 259
line break --------------------------------------- 5.15.3.7.8 282
log-on display -------------------------------------- 5.15.1.5.1 247
sequencing, ejection systems ------------------------ 5.14.4.3.6 245
shutoff, audio signals ------------------------------ 5.3.6.1 61
volume control, audio warning - 5.3.8.4.1 61

Automatic reset
audio signals --------------------------------------- 5.3..2 61
counter movement ----------------------------------- 5.2.6.2.4 414

Automotive subsystem .--------------------------------- 5.12.9 231
adJustment and access ------------------------------- 5.12.9-1.3 230
battery terminals ---------------------------------- 5.12.9.1.4 231
cable unwinding -----------------------. 12.9.4.3 231
clothing compatibility ------------------------------ 5.12.9,4.5 231
control location ----------------------------------- 5.12.9.4.4 231
drain valves .--------------------------------------- 5.12.9.1.1 230
dual tires ------------------------------------------ 5.12..2.1 231
filters ------------------------ 5. 12.9.1.2 230
general -----------------------------------------------5.12.0.1 230
instruction plates -------------------------------- 5.12.9.4.1 231
operation -------------------------------------------- 5.12.9.4.2 231
spare tires ----------------------------------------- 5.12.9,2.2 231
tires -------------------------------------------- 5.12.9.2 231
turn signal and emergency flasher system ------------- 5.12.9.3 231
winches --------------------------------------------- 5.12.9.4 231

Availability
fixed function keys -------------------------------- 5.15,2,3.4 250
of information ------------------------------------ 5.15.4.1.5 265

Avoidance. large-screen displays ----------------------- 5.2.5.2 46
Axial resolution, optical equipment --------------------. 511.3.10.1 217

Back menu ------------------------------------------- 5.15.4.2.13 267
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Background, label -.................. 5.5.4.6 122
Back-packing aids --------------------------------------- 5.11.1.2.4 215
Backrest

aerospace seats -------------------------------------- 5.14.2.4.6 2412
seats ------------------------------------------------ 5.7.3.4.3 140

Backrest angle, vehicle seats -------------------------- 5.12.2.4 223
Backup,definition --------------------------------------- 3.5 9
Ball control -------------------------------------------- 5.4.3.2.4 111

dimensions, resistance and clearance ----------------- 5.4.3.2.4.4 Ill
dynamic characteristics ---------------------------- 5.4.3.2.4.2 111
limb support -------------------------- 5.4.3.2.4.3 il1
Use ---------------------------------------------- 5.4.3.2.4.1 Ill

Bar graphs ---------------------------------------------- 5.15.3.6.30 261
Bar spacing --------------------------------------------- 5.15.3.6.30.1 261
Barrier, push button ------------------------------------ 5.4.3.1.1.6 88
Barrier height, legend switches ------------------------ 5.4.3.1.5.2 97
Bars, platform safety -------------------------------- 5.13.6.2 235
Battery Terminals, vehicle ------------------------------ 5.12.9.1.4 231
Batteries, vehicle ------------------------------------- 5.13.7.1.6 236
Belts, seat (vehicle) ----------------------------------- 5.12.2,7 223
Binoculars/Bioculars ---------------------------------- 5.11.3.13 218

biocular viewing ---------------------------------- .11,.13.1 218
eyepiece separation -------------------------------- 5.11.3.13.2 219
luminous transmission differences ------------------- 5.11.3.13.4 219
magnification differences --------------------------- 5.11.3.13.3 21
matched oculars ..----------------------------------- 5.11.3.13.5 219
size and configuration ------------------.---------- 5.11.3.13.7 219
weight --------------- ,---------------------------.11.3.136 21

Black characters . ..------------.---------------- 5,5.5.1 123
Blind Operation, controls ---------------------------- 5.4.1.7 72
Blind scrwdriver adjustments -------------------------- 5.,9.3.2 104
Body Access, whole ------------------------------------- 5.7.8.3 103
Body Dimensions, seated -------------------------------- 5.6.2 120
Body Dimensions, standing ------------------------------ 5.6.2 129
Body Vibration, whole ---------------------------------- 6.8.4.1 179
Boresighting, optical equipment ------------------------ 5.11.3.18.7 222

adjustment operation --------------------------------- 5.11.3.18.7.3 222
lock-unlock resistance ------------------ 5,11.3.18.7.2 222
positive locks .-------------------------------------. .3.1.7,1 222

Braces. equipment mounting ------------------------------- .9.12.9 105
Bracketing ------------------------------------------ 5.1.4.5 25
Brake Controls, trailers -------------------------------. 5,12.7.1.1 229
Breadth Dimensions, body ------------------------------- 5.6.2 129
Break, scale (fixed circular scale) -------------------- 5.2.3.2,3.3 42
Brevity label ------------------------------------------ 5.5.4.1 122
Brightness inversion ---------------------------------- 5.15,3.3,0 256
Brightness symbol, bead-up displays -------------------- 5.14.1.1.5.2 230
Brightness, transilluminated panel assemblies ----------- 5.2.2.4.4 37
Brightness, user-computer interface -------------------- 5.15.3.3.3 255
Brow pads, optical instruments ------------------------- 5.11,3.14.2 219
Browsing Help ------------------------------------------ 5.15.8.12.3 275
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Buffer ....................- 5.15.3.7.1 261 f
Building Vibrations ---------------------------------- 5.8.4.1.2 1771

C

Cable
Access --------------------------------------------- 5.9.13.5 206
Clamps ------------------------------------------- 5..13.2 205
Coding ------------------------------------------- 5.9.13.1 205
Identification ------------------------------------- 5.9.13.8 206
Length ------------------------------------------- 5..13.3 208
Protection ------------------------------------------ 5.9.13.7 206
Routing ------------------------------------------ 5.9.13.4 206
Susceptibility to abuse ----------------------------- 5.9.13.4 206
Unwinding. winches --------------------------------- 5.12.9.4.3 231

Calibration Information, scale indicators ------------- 5.2,3.1.9 41
Cancel, definition ------------------------------------ 3.6 9
Canopies, aerospace vehicle compartments ---------------- 5.14.1.1 239
Capacity

load (lifting vehicle) ------------------------------ 5.12.8.5 230
vaight. labels ------------------------------------- 5.13.2.3 233

Capsule, escape (ejection system) ---------------------- 5.14.4.3.8 245
Capsule provision ------------------------------...------- 5.14.4.3.8.1 245
Captive Fastuers ....................................... 5.9.10.3 101
Carrying

frequency, weight ---------------------------------- 5.0.11.3,6 194 ,
liits, weight -------------------------------------- 5.9.11.3.5 194w
load, transportability by personnel ------------------ 5.11.1.2 215
portability and load -------------------------------- 5.11.1 213
two persons ----------------------------------------- 5.11.1.1.4 213

Carbon Monoxide, toxic hazard ------------------------- 5.13.7.4.2 237
Came and cover mounting --------------------------------- 5.9.6 186
Cases ------.---..-------------------------------------. 5.9.7 186

guides .............................................. 5.9.7.4 186
orientation ---------------------------...----------- 5.9.7.1 186
removal --------------------------------------------- 5.0.7.2 106
site ................................................ 5.9.7.3 186

Catches, hinges and tongue-and-slot -------------------- 5.9.10.2 191
Cathode Ray Tube (CRT) displays ------------------------ 5.2.4 44

adJacent surfaces ---------------------------------- 5.2.4.8 45
ambient illuminance -------------------------------- 5.2.4.6 45
faint signals ---------------------------------------- 5.2.4.4 45
font legibility ------------------------------------ 5.2.4.10 46
luminance range of adjacent surfaces ----------------- 5.2.4.5 45
pictoriai/graphic situation formats ------------------ 5.2.4.9 45
reflected glare ------------------------------------ 5.2.4.7 45
screen luminance ----------------------------------- 5.2.4.3 45
signal size -.--------------------------------------- 5.2.4.1 44
viewing distance ----------------------------------- 5.2.4.2 45

Caution signal, master (definition) -------------------- 3.43 13
Caution signals
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audio ............. .............................. . . 5 .3 .2 .3 57
d e fin ition .. ......... ....... ............ 3 .7 10

Caution signal control, audio -------------------------- 5.3.6.4.3 62
Center-of-gravity and weight labels -------------------- 5.13.2.2 233
Chains. platform safety ------------------------------- 5.13.5.2 235
Change, data, user-computer interface----------------- 5.15.2.2.9 250
Change of data, user-computer interface ----------------- 5.15.2.1.11 249
Changes from previous issue ----------------------------- 6.3 279
Changing passwords ------------------...---------------- 5.15.8.13.8 275
Changing size, graphic displays ------------------------ 5.15.3.8.19 280
Changing values, dynamic displays ---------------------- 5,15.3.4.1 256
Channel

critical, (audio signals) --------------------------- 5.3.4.5.1 60
guard, push button --------------------------------- 5.4.3.1.1.4 88
separate (audio signals) ---------------------------- 5.3.4.5.2 00

Character
black, labels ----------------------------------- 5.5.5.1 123
capital vs lower case, labels ------------------------ 5.5.5.4 123
height and viewing distance, labels ----------------- 5.5.5.15 124
label, design -------------------------------------- 5.5.5 123
shifted, user-computer interface --------------------- 5.15.2.4.5 251
spacing, labels ------------------------------------ 5.5.5.11 124
wide, labels --------------------------------..------ 5.5.5.7 123

Characteristica
audio warning signals ----------------------------- 5.3.3 57

label ------------------------------------------------ 5.5.1.2 121
manipulators ---------------------------------------- 5.10.3.2 211
signal. audio display (user-computer interface) ------ 5.15.3.8.4 263

Characteristic# of equipment to be handled remotely ----- 5.10.1 211
alignmnt ------------................----- ---------- 5,10.1.1 211
disconnect ------------------------------------------ 5.10.1.2 211
fasteners eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee-------- 5.10.1.3 211
lock and latching mechanism ..------------------------ 5.10.1.4 211

Choice of passwords ------------------------------------- 5.15.8.13.7 275
Circuit Boards, printed --------------------------------- 5.9.18 200
Circuit Breaker (and fuses) ------------------------------ 5.9.17.2 208

controls ------------------------------------------- 5.9.17.2.4 209
dimensions and separations -------------------------- 5.9.17.2.5 209
general ---------------------------------------------- 5.0,17.2.1 208
marking --------------------------------------------- 5,9.17.2.3 208
replaoement and resetting --------------------------- 5.9.17.2.2 208

Circuit Failure, display ------------------------------ 5.2.1.3.7 28
Circuit Test, audio displays --------------------------- 5.3.1.5 55
Circular Scale

fixed pointer --------------------------------------- 5.1.3.5 24
fixed scale ----------------------------------------- 5,2.3.2.3 41
moving pointer ------------------------------------ 5.1.3,3 23

Circuaference Dimensions, body ----------------------- 5.0.2 129
Clamps, cable design ---------------------------------- 5.0.13,2 205
Clarity. display failure ------------------------------- 5.2.1.3.6 28
Cleating. ramps --------------------------------------- 5.7.7.5.1 159
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Clearance Is
ball control -------------------------------------- 5.4.3.2.4.4 11
dimensions, anthropometric ------------------------- 5.6.3.2 143
covers ----------------------------------------------- 5.9.8.3 186

ejection systems ---------------------------------- 5,14.4.3.1 244
seating, vehicle ---------------------------------- 5.12.2.1 223

Clothing and personal oquipraent, anthropometry ---------- 5.6.3.5 143
Clothing Coapatibility

gloves/hardware ----------------------------------- 5.4.1.6 72
optical Instruments -------------------------------- 5.11.3.i4.3 219
winches ------------------------------------------ 5.12.9.4.5 231

Clothing Constraints, Equipment Design ----------------- 5.9.1.7 183
Clothing Protective. Placards ------------------------- 5.13.2.4 233
Codes. keyed (menu selection) -------------------------- 5.15.4.2.11 267
Coding

choice of colors ----------------------------------- 5.2.3.1.10.3 41
color, controls ------------------------------------- 5.4.1.4.5 71
molor. handsets ------------------------------------ 5.3.9.3 64
color, LEDs ----------------------------------------- 5.2.6.7.4 52
conductors --------------------------------------- 5.9.13.1 205
connector ----------------------------------------- 5.9.14.7 207
control to dlsplay --------------------------------- 5.4.1.4.5.3 72
discriminability, audio signals ........ . ..... 5.3.4.3.2 5
display, data display -------------------------- 5.15.3.3 255
flash ...-------------------------------------------- 5.15.3.3.2 255
levers ---------------------------------------------- 5.4.3.2.1.2 10O
mounting items --------------------------------------- 5.0.12.5 20W
obJectives ------------------------------------------ 5.2.1.5.1 32
option, menu selection ---------------------------- 5.15.4.2.10 207
pattern, scale indicators --------------------------- 5.2.3.1.10.4 41
pattern-or-color, scale indicators ------------------ 5.2.3.1.10.2 41
replaceable item .---------------------------------- 5.0.12.5 205
scale indicators ------------------------------------- 5.2.3.1.10 41
simple indicator lights ----------------------------- 5.2.2.3.3 37
standardization ------------------------------------ 5.2,1.5.3 32
symbol and site, displays --------------------------- 5.15.3.3.6 256
symbology ------------------------------------------ 5.2.1.5.4 32
tecbniques ------------------------------------------ 5.2.1.5.2 32
thumbubeel control, discrete ------------------------ 5.4.2.13.3 759
standardization ------------------------------------ 5.2.1,5.3 32
use, scale indicators ------------------------------ 5.2.3.1.10.1 41
viewing equipment ---------------------------------- 5.10.4.5 212
visual displays ----------------------------------- 5.2.1.5 32

Coding, controls --------------------------------------- 5.4.1,4 d8
lodation-coding ---------------------------- 5.4.1.4.2 71
methods and requirements ---------------------------- 5.4.1.4.1 60
shape-coding ---------------------------------------- 5.4.1.4.4 71
size-coding ----------------------------------------- 5.4.1.4.3 71

Coherent representation of data organization ------------ 5,15.4.7.3 270
Collimation ------ -------------------------------------- 5.11.3.18.4 221
Color
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controls .............................- .. 5.4.1.4.5.1 71
dot matrix emitter --------------------------------- 5.2.6.8.7 52
pointers, scale indicators ------------------------- 5.2.3.1.7.4 41
scale indicators ---------------------------------- 5.2.3.1.10.3 41

Color and Illumination, rocker switches ----------------- 5.4.3.1.0.6 99
Color-Coding, controls -------------------------------- 5.4.1.4.5 71

ambient lighting and color-coding exclusion ---------- 5.4.1.4.5.5 72
choice of colors ----------------------------------- 5.4.1.4.5.1 71
control panel contrast ----------------------------- 5.4.1.4.5.4 72
immediate action controls -------------------------- 5.4.1.4.5.2 72
relation to display .-------------------------------- 5.4.1.4.5.3 72

Color-Coding
displays------------------------------------------ 5.15.3.3.7 256
handsets ----------------------------------------- 5.3.9.3 64
indicator lights ........... .---- 5.2.2.3.3 37
key operated switch ------------------------------- 5.4.2.1.2.3 77
LEDs ------------------------------------------------ 5.2.6.7.4 52
legend ligbt ------------------------------------- 5.2.2,2.2 30
scale indicators ----------------------------------- 5.2.3.1.10.2 41
teut points ---------------------------------------- 5.0.15.3 208
transilluminated displays --------------------------- 5.2.2.1.18 35

Color, surface ---------------------------------------- 5.7.9 103
Air Force --------------------------------- r ----- 5.7.9.3 163
Army ----------------------------------------------- - 5.7.9.1 163

navy ----------------------------------------------- - 5.7.9.2 163
Color, illuminated sigbts and reticles ----------------- 5.11.%.12.2 218
Columns

consistent spacing, tabular data -------------------- 5.15.3.5.12 258
multiple, vertical ordering (tabular data) ---------- 5.15.3.5.0.5 257
scanning cuts, tabular data ------------------------- 5.15.3.5.13 258

Combined control, control/display integration ----------- 5.1.2.3.5 23
Combined operator/maintainer information, displays ------ 5.2.1.3.5 28
Comfort, operator (communication equipment) ------------- 5.3.0.1 64
Comfort Level, vibration ------------------------------- 5.8.4.1.1.3 177
Comfort Zone ------------------------------------------- 5.8.1.7 168
Command and Control System Equipment, definition -------- 3.8 10
Command entry, prompts, m ssages at bottom(data display)- 5.15.3.1.9.2 253
Coamand Language, definition --------------------------- 3.0 10
Command language, interactive control ------------------ 5.15.4.5 209

abbreviations --------------------------------------- 5.15.4-5.5 260
command prompts -------------------.------------- 5.15,4.5.8 209
compleXity ------------------------------------------ 5.15.4.5.9 209
destructive commaiids -------------------------------- 5.15.4.5.12 270
displayed location ---------------------------------- 5.15.4.5.7 269
distinctiveness ---------------------------------- 5.15.4.5.3 200
punctuation ----------------------------------------- 5.15.4.5.4 209
standardization ------------------------------------ 5,15.4.5.0 260
standard teochniques for command editing -------------- 5.15.4.511 270
use --------------------------------------------------- 5.15.4.5.1 209
user definition of macro commands ------------------- 5.15.4.5.10 209
user viewpoint ------------------------------------ 5.15.4.5.2 209
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Commands, text/program editing
e d i t i n g ......................................- ----5 .1 5 .3 .7 .4 2 6 1 i
program edit ----------------------------------------- 5.15.3.7.4.2 261
text edit -------------------------------------------- 5.15.3.7.4.1 261

Common
fautners --------------------------------------------- 5,g.10.5.3 192band tool, definition -------------------------------- 3.10 10
plane ------------------------------------------------ 5.1.3.8 24
working positions ------------------------------------ 5.7.4 147Communication Equipment, voice (controls) --------------- 5.3.10 64

Comparative data fields, data display ------------------- 5.15.3.1.8 253
Compartment Design, aerospace vehicle ------------------- 5.14 239
Compatibility

audio displays ------------------------------------- 5.3.4.4 59
seating --------------------------------------------- 5.7.3.4.1 146tracking control ----------------------------------- 5.11.2.5 216

Compatibility with
acoustical environent, audio signals ---------------- 5.3.3.2.1 5?
clothing and equipment, audio signals ---------------- 5.3.3.2.2 58
clothing and personal equipment, binoculars/bioculars 5.11.3.14.3 219
handwear, controls -----------------------------------5.4.1.6 72
user skill, user-computer interface ------------------ 5.15.4.1.4 265

Complexity and precision, control/display integration --- 5.1.1.3 21
Component Access, vehicle ------------------------------ 5.12.9.1.3 .230
Component Group, control/display integration ----------- 5.1.2.3.7 23
Component Replacement, optical equipment ---------------- 5.11.3.18.6 222
Composite Scalar/Pictorial Displays -------------------- 5.2.3.3.7
Computer

derivation of graphic data -------------------------- 5.15.3.6.16 260
failure, user-computer interface ---------------------. 5.1. 247
indication of equipment failure --------------------- 5.9.1.1 208
processing constraints ------------------------------ 5.15,4,1.12 205
response -------------------------------------------- 5.15.1.2 247Concurrent display, user-computer interface ------------- 5.15.4.1.6 265

Conductors --------------------------------------------- 5.9.13 205
access -----.--------------------------------------- 5.,.13.5 206cable clamps .-------------------------------------- 5..13.2 205
cable protection ------------------------------------ 5.0.13.7 206
cable routing ----------------------------------------- 5.0.13,4 208
coding ----------------------------------------- 21305
Identification --------------------------------------- .9.13.8 206
lentth ----------------------------------------------- 5.9.13.3 206suseptability to abuse ----------------------------- 5.9.13. 206

Configuration
binoculars/bioculars ------------------------------- 5.11.3.13.7 219
hatches - - - ------------------------ - - - - - - - - - - - - - - - - - - 5,7 . . .2.1 163
keyboards, controls -------------------------------- 5.4.3.1.3.2 92keyboards, uler-coputer interface ------------------- 5.15.2.2.2 250
portability, small systems and equipment ------------- 5.11.1.1.3 213
standard console design -----------------------------...7.5.2 153

Configuration and placement, foot operated controls ----- 5.4.1.8.6.4 74
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Confirming large-scale retrieval ----------------------- 5.15.4.7.6 271
Connections. intervehicular ---------------------------- 5,12.7 229
Connector ------------------------------------------- 5.9.14 206

aligning pins ------------------------------------- 5.9.14.5 206
alignment ---------------------------------------- 5.9.14.4 206
coding ------------------------------------------- 5.9,14.7 207
disassembly and adapters ---------------------------- 5.9.14.12 207
drawer modules ------------------------------------ 5.9.14.10 207
electronic modules -------------------------------- 5.9.14.11 207
fluid haards ---------------------- 5.13.7.3 236
identification ------------------------------------ 5.9.143 20a
keying ------------------------------------------- 5.9.14.2 206
orientation --------------------------------------- 5.9.14.6 206
protective covers ---------------------------------- 5.9.14.13 207
quick disconnect plugs, use of ---------------------- 5.9.14.1 206
spacing --------------------------------------------- 5.9.14.8 207
testing ------------------------------------------ 5.9.14.9 207

Consistency
control/display intelration ------------------------- 5.1.2.1.1.4 22
data entry and displaydata display ------------------ 5.15.3.2.4 255
data display (user-computer interface) --------------- 5.15.3.1.1 252
format, menu selection ------------------------------ 5.15.4.2.4 206
format and content. form filling -------.----- -------- ,15.4.3.3 268
visual displays ------------------------------------ 5.2.1.4.10 32
with command languae.. menu 2eiection ------------ 5.15.4.2.0 287

Consistent
procedures, data and message transmission------------ 6.15.11.2 277
scaling. graphic display ---------------------------- 5.15.3.6,26 260
terminology. prompts ------------------------------- .16.0.6 273

Console
borviontal wrap-around ---------------------------- 5.7.0.1.4 153
sit-stand ------------ *............-------------------. 5.7..3 15
standard dimensions ----------------------------.. 5. 153

Console Design. special-purpose ------------------------ 5.7.0 153
di ensions ----------------------------------------- 5.7.6.1.4 153
dimensions (vision over top) ------------------------ 5.7.6.1.3 153
height ------..----------------------------------- - 5....2 156
borizontal wrap-around ------------------------------ 5.7.0.1 153
panel angle ---------------------------------------- 5.7.6.1.2 153
panel division ----------------------------.---------- 5.7.8.2.1 156
panel width -------------------------------------- 5.7.0.1.1 153
siL-stand ------------------------------------------- 5.7,6.3 156
vertical/stacked segents -------------------------- 5.7.6.2 156
viewing anl ------------------------------------ 5.7.0.1.5 156

Console Design. standard ------------------------------- 5.7.5 153
configurations -------------------------------------- 5.7.5,2 153
dimensions ------------------------------------------ 5.7.5.1 153
selection ...---------------------------------------- 5.7.5.4 13
variables ------------------------------------------- 5.7.5.3 153

Console Selection ------------------------------------- 5.7.5.4 153
Construction Vehicles --------------------------------- 5.12.6 229

303



X-STD-1479n

INDEX
Paragraph Page

Content 6
display, user-computer interface --------------------- 5.15.3.2 254
displayed information. large screen displays --------- 5.2.5.6 47
error message ---------------------------------------- 5.15.8.5 274
message, verbal signals ------------------------------ 5.3.5.5 61
visual displays -------------------------------------- 5.2.1.3.1 28

Contents, labels ---------------------------------------- 5.5. 122
abbreviations ------------------- 5.5.3.2 122
equipaent ftuctions ---------------------------------- 5.5.3.1 122
irrelevant information ------------------------------- 5.5.3.3 122

Context for displayed data, data display ---------------- 5.15.3.2.5 255
Continuous Adjustment Linear Controls ------------------- 5.4.3.2 105
Continuous Adjustment Rotary Controls ------------------- 5.4.2.2 81
Continuous Adjustment Thumbwh.el Control ---------------- 5.4.2.2.3 84

dimensions, separation and resistance ---------------- 5.4.2.2.3.4 84
labeling and visibility ----------------------------- 5.4.2.2.3.5 84
OFF position -------------------------------------- 5.4,2.2.3.6 84
orientation and movement --------------------------- 5.4.2.2.3.2 84
turning aide ----------------------------------------- 5.4.2.2.3.3 84
us'eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee5.4.2.2.3. 84

Contrast
control panel -------------------------------------- 5.4.14.5.4 72
counters ------------------------------------------- 5.2.6.2.7 48
direction of contrast, projected data ------------- -5.2.0.1.4.3.2 51
flags ------------------------.----------- w ---------- 5.2.6.5.4
large screen optical projection displays ------------- 5.2.6.6.4.3
luminance, definition------------------------- 3.39 9
luminance, scale indicators ------------------------- 5.2.3.1.8 41
luminance ratio. projected data ---------------------. .6.8.4.3.1 51
plotter* and recorderc ------------------------- 5.2.6.4.3 48
printer$ ---------------------------..----..----- 5.2.6.3.3 48
rotary switches ----------------------------------- 5.4.2.1A.5 75
within the indicator. transilluainated displays ------ 5.2.2.1.12 34
visual displays ----------------------------------- 5.2.1.2.3 27

Control/Display Integration ---------------------.----- 5.1 21
Control/Display Integration. general criteria ----------- 5.1.1 21

complexity and precision -- .........------------------ 5 .1.1.3 21
design ------------------------ 5.1.1.2 21
feedback -----------.------------------------------ 5,1.1.4 21
illumination-----------------------------------------5.1.1.5 21
relationship -------------------------- ----------- 5.1.111 21
simultaneous access ---------------------------------- 5.1.1.6 21

Control/Display Integration. movement relationship ---- 5.1.3 23
common plane-------------------------------------- 5.1.3.8 24
direct linkage ------------------------------- --- 5.1.3.7 24
fixed pointer circuler scale ------------------------- 5.1.3.5 24
fixed pointer linear 9cal .---------------------.-- 5.1.3.6 24
labeling --------------------------------------------- 5.1.3.10 24
lack of ambiguitv------------------ ft - - - 5.1.3.1 23
movement direction ---------------------------------. 1.3,11 24
moving pointer circular scale ------------------------ 5.1.3.3
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moving pointer linear scal 5.1.3.4 23

parallel movement --------------------------------- 5..1.3.9 24

Control/Display Integration, position relationships ----- 5.1.2 21

access ----------------------------------------------- 5.1.2.1.1.2 22

arrangement within groups -------------------------- 5.1.2.3 22

combined control ---------------------------------- 5.1.2.3.5 23

component groups -------------- -------------------- 5.1.2.3.7 23

emergency use------------------------------------- 5.1.2.3. 
23

functional grouping ------------------------------- 5.1.2.1 21

functional group arrangement ------------------------ 5.1.2.1.1 
21

functional group marking --------------------------- 5.1.2.1.1.3 22

left-to-right arrangement --------------------------- 5.1.2.3.1 
22

location and arrangemnt --------------------------- 5.1.2.2 22

multiple displays ------------------------------------ 5.1.2.3.4 23

separate panels ----------------------------------- 5.1.2.3.6 23

Sequence ---------------------------------------- 5.1.2.1.1.1 22

simultaneous use ---------------------------------- 5.1.2.3.3 23

vertical and horizontal arrays ---------------------- 5.1.2.3.2 22

Control Display Movement Ratio ------------------------- 5.1.4 24

bracketing ---------------------------------------- 5.1.4.5 25

counters -------------------------------------------- 5.1.4.8 25

knob. coese setting ------------------------------- 5.1.4.3 25

knob, fine setting --------------------------..------ 5.1.4.4 25

lever, coarse setting ------------------------------ 5.1.4.6 25

lever. two-dimenlional setting ---------------------- 5.1.4.7 
25

minimisation of time ------------------------------ 5.1.4.1 24

range of display movement -------------------------- 5.1.4.2 25

Control entry, definition ----------------------------- 3.11 10

Control entry: form filling for -----------------------. 5.15,4.3.16 269

Control input data display. interactive control -- 5.15.4.1.15 206

Control Labels, lifting vehicles ----------------------- 5.12.8.2 230

Control Location, winches ------------------------------ 
5.12.0.4.4 231

Control Movements, vehicle operating instructions ------- 5.12.4.5 227

Control of Displayod Inforaation ----------------------- 5.2.5.5 40

Control of Patardous Operations ------------------------ 5.12.3.4 227

Centrol Panel Contrast ------------------------------- 5.4.1.4.5.4 72

Control Placement
lifting vehicle ----------------------------------- 5.12.6.3 230

seated, nom al ----------------------------------------- 5..3. 147

seated, special ----------------------------------- 5.7..1 47

standing, noreal --.-------------------------------- 5.7.2,4 146

standing, special ---------------------------------- 5.7.2.5 140

Control Protection (also see Accidental Activation, prevention of)

ejection ayite .----------------------------------- 5.14.4.3.4 245

escape eXit -------------------------------------- 5.14.4.2.5 244

Control Return, pedals -------------------------------- 5.4.3.2.8.3 i16

Control. Replenishment and Service. plotters & recorders 5.2.6.4.8 49

Control, Replenishment and Service, printers ------------ .2.6.3.9 48

Controls ..------------------------------------------------54 67

detent .------------------------------------------- 5.4.1.1,4 87

distribution of work load -------------------------- 5.4.1.1.1 87
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G-loading .................- 5.4.1.1.2 67
general crite*ria ......... 5.4.1 8718
multirotational ----------------------------------- 5.4.1.1.3 67
selection ---------------------------------------- 5..1.1 67
vtops ------------------------------------------- 5.4.1.1.5 67

Controls
access to foot, aerospace seats --------------------- 5.14.2.4.5 241
accidental activation, prevention of ---------------- 5.4.1.8 72
adjustment, design for maintainer -------------------- 5..3 184
arm, band and thumb-finger ------------------------- 5.4.4.2 116
audio warning devices ------------------------------ 5.3.6 61
ball -------------------------------------------- 5.4.3.2.4 111
blind operation ------------------------------------- 5.4.1.7 72
brake, trailers ------------------------------------- 5. 12.7.1.1 229
caution signal, audio ------------------------------ 5.3.0.4.3 62
coding ------------------------------------------ 5.4.1.4 68
color coding ---------------------------------------- 5.4.1.4.5 71
combined., control/display integration --------------- 5.1.2.3.5 23
communication equipment --------------------------- 5.3.10 84
compatibility with handwear ------------------------- 5.4.1.6 72
consistency, arrangement and grouping ---------------- 5.4.1.3.4 8
consistency of movement, direction of movement ------- 5.4.1.2.1 67
continuous, thumbwheel ----------------------------- 5.4.2.2.3 84
dead man ----------------------------------------- 5.4.1.8.5 73
detented, thumbwheel ------------------------------- 5.4.2.1.3 77
direction of movement ------------------------------ 5.4.1.2 67
discrete linear ----------------------------------- 5.4.3.1 88*
discrete rotary ------------------------------------- 5.4.2.1 740
displacement Joystick ------------------------------ 5.4.3.2.2 105
display color coding --------------------------------- 5.4.1.4.5.3 72
display integration, relationship ------------------- 5.1.1.2 21
ejection, ejection systems------------------------- 5.14.4.3.3 245
emergency us -------------.---------------.--------- 5.1.2.3.8 23
feedback ----------------------------------------- 5.1.1.4 21
feedback, computer --------------------------------- 5.15.2.1.2 248
foot, high force ------------------------------------ 5.4.4.3 120
foot-operated --------------------------------------- 5.4.1.8.6 73
foot-operated, avoidance ---------------------------- 5.4.1.8.6.2 73
foot-operated, for voice communications -------------- 5.3.10.3 64
foot-operated, lifting machine ---------------------- 5.12.8.4 230
foot-operated switches ------------------------------ 5.4.3.1.2 88
foot-operated, use .--------------------------------- 5.4.1.8.6.1 73
ganged control knobs -------------------------------- 5.4.2.2.2 81
grid-and-stylus devices ----------------------------- 5.4.3.2.5 111
handwheels ----------------------------------------- 5.4.2.2.5 86
high force ---------.------------------------------- 5.4.4 li
immediate action, coding ---------------------------- 5.4.1.4.5.2 72
intensity, LEDs -------------------------------------- 5,2.6.7.3 52
interactive, user-computer interface ----------------- 5.15.4 203
internal, accidental activation ---------------------- 5.4.1.8.2 72
isometric Joystick --------------------------------- 5.4.3.2.3 108
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redundant visual warning ----------------------------- 5.3.8.3 61
volume control --------------------------------------- 5.3.6.4 61

Controls,operational and maintenance ground/shipboard --- 5.12.3 223

control of hazardous operations ---------------------- 5.12.3.4 227
design ----------------------------------------------- 5.12.3.1 223

pedals ----------------------------------------------- 5.12.3.3 223
steering --------------------------------------------- 5.12.3.2 223

Controls, text/program editing -------------------------- 5.15.3.7 261
annotations ------------------------------------------ 5.15.3.7.13 252
entries ---------------------------------------------- 5.15.3.7.5 262
format ----------------------------------------------- 5.15.3.7.9 262
tab -------------------------------------------------- 5.15.3.7.4.3 261

Controller, free-moving XY (mouse) --------------------- 5.4.3.2.6 113
Controllers, directional(user-computer interlace) ------- 5.15.2.8 252
Convenience, operator, communicatons equipment ---------- 5.3.9 64
Copilot Station, design -------------------------------- 5.14.2.1 240
Correction

entry and confirmation ------------------------------- 5.15.8.8 274
error ------------------------------------------------- 5.15.8.1 273

Counters ------------------------------------------------ 5.2.6.2 47
contrast --------------------------------------------- 5.2.6.2.? 48
finish ----------------------------------------------- 5.2,6.2.6 48
illumination -------------------------------- :-------- 5.2.0.2.5 47
mounting --------------------------------------------- 5.2.6.2.2 47
movement -------------------------------------------- 5.2.6.2.4 47
spacing between numerals ----------------------------- 5,2.6.2.3 47
use -------------------------------------------------- 5.2.8.2.1 47

Counters, control display movement ratio ---------------- 5.1.4.8 25
Covers -------------------------------------------------- 5.9.8 188

access ---------------------------------------------- 5.9.9 187
access labeling --------------------------------- 5.9.9.3 187
alignment -------------------------------------------- 5.9.6 180
clearance -------------------------------------------- 5.9.8.3 186
guard, push button = ---------------------------------- 5.4.3.1.1.4 88
indicator -------------------------------------------- 5.2.2.1.17 35
instructions ------------ ----- -------- 5.9.8.2 186
removal ------------------------------------------ 5.9.12.11 205
rvunding ----------------------------------------- 5.0.9.4 187
securing ----------------------------------------- 5.9.8.l 18
self-supporting ----------------------------------- 5.9,9.2 187

Cranes, materiels handling and construction ------------- 5.12.8 220
access ------------.--------------------------------- 5.12.8.7 230
control labels ------------------------------------- 5.128.2 230
cor'.rol placement ---------------------------------- 5.12.8.3 230
foot-operated controls ----------------------------- 5.12.8.4 230
general --------------------------------------------- 5.12.8.1 230
handholds and footholds ----------------------------- 5.12.8.8 230
load capacity --------------------------------------- 5,12.8.5 230
visibility ------------------------------------------- 5.12.8.6 230

Cranks ------------------------------------------------- 5.4.2.2.4 84
balance ---------------------------------------------- 5.4.2.2.4.5 86
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dimensions, resistance and separation -- 5.4.2.2.4.3 861
folding handle -------------------------------------- 5.4.2.2.4.4 861
grip handle ------------------------------------------ 5.4.2.2.4.2 86
use .------------------- ------------------------------ 5.4.2.2.4.1 84

Crank Size, tracking equipment ------------------------ 5.11.2.2 216
Crew Size, effects of (compartment design) --------------- 5.14.2.2.3 240
Crew Stations, aerospace vehicle design ---------------- 5.14.2 240
Criteria, speech intelligibility ----------------------- 5.3.12.2 65
Critical

channels, audio signals ---------------------------- 5.3.4.5.1 60
entries ------------------------------------------ 5.15.8.4 273
function location, lights --------------------------- 5.2.2.1.7 33
malfunctions -------------------------------------- 5.9.17.1.3 208
signals, audio -------------------------------------- 5.3.4.3.3 59
warning signals. verbal ---------------------------- 5.3.5.6.1 a1

Criticality, data display ------------------------------ 5.15.3.1.2 252
Crowded displays, data display ------------------------- 5.15.3.2.2.1 254
CRT ------------------------------------------------ 5.2.4 44
Cues

column scanning ------------------------------------- 5.15.3.5.13 258
row scanning --------------------------------------- 5.15.3.5.14 258

Cursors
confirming position ------------------------- ------- 5.15.3.6.9 259
control ------- -------------------------------------- 5.15.2.1.8.1 248
consistent positioning ------------------------------ 5.15.2.1.8.5 249
display ------------------------------------------- 5.15.2.1.8.2 248
distinctive ----------------------------------------- 5.15.3.6.7 25
explicit activation --------------------------------- 5.15.2.1.8.4 249
form filling ---------------------------------------- 5.15.4.3.0 268
home position -------------------------------------- 5.15.2.1.8.3 249
keyboard cursor control ----------------------------- 5.15.2.1.8.6 249
movement relationships ------------------------------ 5.15.2.1.8.7 249
user-computer interface ----------------------------- 5.15.2.1.8 248

Curved (arc), horizontal and vertical straight scales --- 5.2.3.2.4 42
placement of numerals ------------------------------- 5.2.3.2.4,4 42
placement of pointers ------------------------------- 5.2.3.2.4.3 42
pointer alignment ---------------------------------- 5.2.3.2.4.5 42
scale reading and pointer movement ------------------ 5.2.3.2.4.1 42
zero position and direction of movements ------------- 5.2.3.2.4.2 42

Cushioning seats ------------------------------------- 5.7.3.4.4 146
Cutaway Areas, emergency evacuation --------------------- 5.14.4.1.3 243

D

Dark Adaptation
labels ---------------------------------------------- 5.5.5.2 123
stroke width, labels -------------------------------- 5.5.5.9 123

Data
annotation, graphic displays ------------------------ 5.15.3.6.22 200
anthropometric -------------------------------------- 5.6.2 129
change, keyboard ----------------------------------. 5.15.2.2.9 250
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definition - 3.12 10
display, control input (interactive control) ------ 5.15.4.1.15 266
display, definition ------------------------------- 3.13 10
display, user-computer interface -------------------- 5.15.3 252
entry, definition ----------------------------------- 3.14 10
entry, flexible ----------------------------------- 5.15.4.3.13 288
field, definition ---------------------------------- 3.15 10
highlighting, graphic displays ---------------------- 5.15.3.8.20 260
item, definition ----------------------------------- 3.16 10
limitations, anthropometric ------------------------- 5.6.3.1 143
manipulation, interactive control ------------------- 5.15.4.1.11 265
protection, definition ----------------------------- 3.17 10
protection, user-computer interface ------------------ 5.15.8 273
requirements -------------------------------------- 6.2 270
security -------------------------------------------- 5.15.8.13 275
tabular --------------------------------------------- 5 .15.3.5 257
use of, anthropometric ------------------------------ 5.0.3 143

Data and message transmission -------------------------- 5.15.11 277
addresses ---------------------------------------- 5.15.11.7 278
address directory ---------------------------------- 5.15.11.7.2 278
aids for directory search --------------------------- 5.15.11.7.3 278
consistent procedures ------------------------------- 5.15.11.2 277
functional integration ...................... 7 -- ----- 5.15.11.1 277
incorporate existing files -------------------------- 5.15.11.6 277
interrupt -------------------------------------------- 5.15.11.4 277
minimal memory load on users ------------------------ 5.15.11.3 277
prompting address entry ------------------------------ 5.15.11.7.1 278
stored message form -------------------------------. 15.11.5 277

Data entry, user-computer interface --------------------- 5.15.2 248
abbreviatlns, mnemonics, and codes ------------------ 5.15.2.1.9 249
change of data ------------------------------------- 5.15.2.1.11 249
control ---------------------------------------------- 5.15,2.1.8.1 248
consistent positioning ------------------------------ 5.15.2.1.8.5 249
cursors ------------------------------------.... ------. 5.2-1.8 248
data entry display --------------------------. 15.2.1.13 249
display ------------------------------------------ 5.15.2.1.8.2 248
explicit action ------------------------------------- 5.15.2.1.4 248
explicit activation -------------------------------- 5.15.2.1.8.4 240
explicit delete action ---------------------------- 5.15.2.1.10 249
general------------------------------------------ 5.15.2.1 248
bose position -------------------------------------- 5.15.2.1.8.3 249
input units ------------------------------------------ 5.15.2.1.7 248
keyboard cursor control ---------------------------- 1.2.1.8. 249
movement relationships ----------------------------- 5.15.2 8.7 249
positive feedback -------------------- 5.15.2.1.2 248
processing delay ---------------------------------- 5.15.2.1.3 248
single method of data entry ------------------------- 5.16.2.1.12 249
software-available data ---------------------------- 5,15.2.1.6 248
user-pacing manual --------------------------------- 5.15.2.1.1 248
validation ------------------------------------- 5.15.2.1.5 248

Data organization, query language
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coherent representation of -.............. 5.15.4.7.3 270
natural --------------------------------------------- 5.15.4.7.2 2704

Data security ------------------------------------------ 5.15.8.13 275
automated security measures ------------------------- 5.15.8.13,1 275
changsing passwords-------------------5.15.8.13.8 275
choice of passwords ------------------------------- 5.15.8.13.7 275
display of simulated data-------------------------- 5.15.8.13.4 275
displayed security clasuificatio -------------------- 5.15.8.13.5 275
segregatin seal from simulatd ta----------------- 5.15.8.13.3 275
user identificationm simulated----------------------- 5.15.8.13.3 275
warning threats to security------------------------ 5.15.8.13.2 275

Daylight, optical instruments ------------------------- 5.11.3.7.2 217
dB(A), definition-------- ---------------------------- 5.18 10
Dead man controls ------------------------------------ 54.1.8.5 73
Decibel (d , dflnition ------------------------------ 3.19 10
De-epha d, s

definition---------------------------3.20 10
use of-- ----------------------------------------- 5.3.8.3 13

Default funct n-, reprogramable or inactive----------- 5.15.2..3 251
Default value------- -------------------actv----------- .13.21 10
Defaults, user-o-uter inter-e,----------------------- 15.7 273

default substitution------ ------------------------ 5.15.7.3 273
defaults foit sequential entries .................---- 5.15.7.4 273
ser onf fmation ential..------------- -------- 5.15.7.5 273

user selection ----------------------------- 5.15.7.2 273
uor kload -duction .-------------------------------- 5.15.7.1 273

Definition of macro commands, user --------------------- 5.15.4.5.10 26
Definitions ------------------------------------------- 3. 
Definitions, prompt* ---------------------------------- 5.15.6.5 272
Delay, log-on (user-oomputer interface) ----------------- 5.15.1.5.3 247
Delicate item , design for maintainer ----.------------- 5.9.2.3 184
Delivery style, verbal signals ----------------------- 5.3.5.3.2 60
Depth. work area --------------------------------------- 5.7.1.3.1 145
Depth dimensions, body -------------------------------- 5.6.2 129
Derivation of graphic data, computer ------------------- 5.15.3.0.10 260
Design

controls, ground/shipboard vehicles ----------------- 5.12.3.1 223
control/display integration ------------------------- 5.1.1.2 21
errorproof ------------------------------------------ 5.9,1.8 183
facility -------------------------------------------- 5.8.3.4 177
modular ---------------------------------------- ---- 5.11.3.18.1 221
workapace ------------------------------------------- 5.7 145

Design for electromagnetic pulse (EMP) hardning --------- 4.11 19
Design for saintaner --------------------------------- 5.9 183

assembly and disassembly ---------------............. 5.9.1.0 183
clothing constraints ------------------------------- 5,9.1.7 183
arrorproof design ------------------------------------ 5.9.1.8 183
general --------------------------------------------- 5.9.1 183
malfunction ldentification -------------------------- 5.9.1.5 183
modular replacemnt -------------------------------- 5.9.1.3 183
separate adjustability --------------------------- 5.9.1.4 183
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special tools ------------------- 5.9.1.2183
standardization ......- - 5,9.1.1 183

Design for NBC survivability -------------------------- 4.10 19
Design of equipment for remote handling ---------------- 5.10 211
Design of label characters ----------------------------- 5.5.5 123

black characters ---------------------------------- 5.5.5.1 123
capital va lower case -------------------------- 5.5.5.4 123character height and viewing distance ---------------- 5.5.5.15 124
character spacing --------------------------------- 5..5.11 124
dark adaptation ----------------------------------- 5.5.5.2 123
labels ------------------------------------------- 5.5.5.4.1 123
label size vs luminance ---------------------------- 5.5.5.14 124
legends ------------------------------------------- 5.5.5.4.2 123
letter width -------------------------------------- 5.5.5.5 123
line spacing -------------------------------------- 5.5.5.13 124
numeral width -------------------------------------- 5.5.5.6 123
placards ----------------------------------------- 5.55.4.3 123
signs -------------------------------------------- 5.5.5.4.4 123stroke width, dark adaption ------------------------ S.5.5.9 123
stroke width, normal ------------------------------ 5.5.5.8 123
stroke width, transilluminated characters ------------ 5.5.5.10 124
style ---------------------------------------------- 5.5.5.3 123
wide characters ------------------------------- 5.5.5.7 123
word spacing ------------- -------------------------- 5.5.5.12 124Destructive commands, comand language ------------------ 5,15.4.5.12 270Detailed requirements ......... . .......... 5. 21

Detection, early (error management) --------------------- 5.15.8.2 273
Detent Controls

general ---------------------------------------------- 5.4.1.1.4 87thuabweel---------------------------------------- 5.4.2.1.3.8 79
push-pull -------------------------------------------- 5.4.3.1.8.4 101

Devices. selection ------------------------------------ 5.15.4.2.2.1 288
Diagnostic information, error management ---------------- 5.15,8,7 274
Dialogue, definition ---------------------------------- 3.22 11
Dialogue type, interactive control --------------------- 5.15.4.1,9 285
Diameter, tunnel (ingress & egress) --------------------- 5.14.3.3.1 242
Dichotic, definition ---------------------------------- 3.23 11
Dichotic Presentation, audio signals -------------------- 5,3.4.2.3 58
Dimensional units, form filling ----------------------- 5.15.4.3.10 268
Dimensions

adjustable, anthropometric -------------------------- 5.6,3.4 143
arm access ----------------------------------------- 5.9.9.5.1.2 187ball control --------------------------------------- 5.4.3.2.4.4 111
breadth, body ---------------------.---------------- 5.6.2 129
circuaftrence, body ..............------------------- 5.6.2 129
circuit breaker, and sparations --------------------- 5.9.17.2,5 20g
clearance ------------------------------------------- 5.0,3.2 143console, standard ---------------------------------- 57.5.1 153
console, horizontal wrap-around --------------------- 5.7.,.14 153
console, vision over top ... ----------------------- 5.7..1.3 153
cranks ------------------------------------------- 5.4.2.2.4.3 86
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depth, body -.......................... 5.6,2 129
eyecup and eyepiece - --- 5.11.3.14.1 219
face .................. 5.6.2 1290
finger operated displacement joysticks 5.4.3.2.2.2.3 108
finger operated isometric joysticks ----------------- 5.4.3.2.3.2.3 109
fixed-ladder -------------------------------------- 5.7.7.4 159
foot -------------------------------------------- 5.6.2 129
foot operated switches ------------------------------ 5.4.3.1.2.3 92
free-moving XY controller --------------------------- 5.4.3.2.6.3 114
ganged control knob ------------------------------ 5.4.2.2.2.2 81
grid-and-stylug devices ----------------------------- 5.4.3.2.5.3 113
hand --------------------------------------------- 5.6.2 129
hand access -------------------------------------- 5.9.9.5.1.2 187
hand operated displacement joysticks ---------------- 5 5.4.3.2.2.1.3 107
hand operated isometric joysticks ------------------- 5.4.3.2.3.1.3 109
handle ------------------------------------------- 5.9.11.5.5 203
handwhees --------------------------------------- 5.4.2.2.5.5 86
hatches --------------------------------------------- 5.7.8.2.3 183
head --------------------------------------------- 5.6.2 129
keyboard --------------------------------------------- 5.4.3.1.3.3 92
key operated switches ------------------------------- 5.4.2.1.2.2 77
knobs ----------------------------------------------- 5.4.2.2.1.2 81
legend switches -----------------------------...------- 5.4.3.1,5.1 97
levers ---------------------------------------------- 5.4.3.2.1.5 105
light pen -------------------------------------------- 54.3.2.7.3 114
light pen, user-computer interface ------------------ 5.15.2.5.2 251
limiting, anthropometric ---------------------------- 5..3.3 14o
miniature controls -------------------------------- 5.4.5.2 12
pedals ---------------------------------------------- 6.4.3.2.8.7 11
printed circuit (PC) switch controls ---------------- 5.4.3.1.9.2 104
push buttons ---------------------------------------- 5.4.3.1.1.5 88
push-pull controls --------------------------------- 5.4.3.1.8.2 101
reach access ---------------------------------------- 5,0.9.5.1.2 187
remove and replace --------------------------------- 5.9,95.1.4 190
rocker switches ------------------------------------ 5.4.3,1.6.4 9g
rotary swithes ----------.....-- -........ 5.4.2.1.1.7 75
seated body ---------------------------------..------ 5.8.2 129
seating, ground/shipboard vehicles ------------------ 5,12.2.1 223
slide switch -------------------------------------- 5.4.3.1.7.3 99
stair ----------------------------------------------- 5.7.7.2 156
standing body --------------------------------------- 5.6.2 129
standard console ---- ..........--------------------- 5.7,5.1 153
surface, body ------------------------------------ 5.6,2 129
thubtap/f ingertip operated displacement Joysticke --- 5.4.3.2.2.3.3 106
thumbtlp/fingertip operated isomtric joysticks ------ 5.4.3.2.3.3.3- 108
thumbwheel. continuous ----------------------------- 5.4,2.2.3.4 84
thu~wbweel, discrete ------------------------------ 5.4.2.1.3.7 79
toggle switch --------------------------------------- 5.4.3.1.4.3 94
tool access ------------------------------------------ 5.9.9.5.1.3 187
toucb-screen controls for displays ------------------- 5.4.6.4 I19
vehicle operator's meat .---------------------------- 5.12.2.1 223
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work space, crew compartment ............. 5.14.2.3 241
Dim-ing, illuminated sights and reticles ---------------- 5.11.3.12.3 218
Diodes, light emitting (LEDs) --------------------------- 5.2.6.7 51
Direct function call, menu selection -------------------- 5.15.4.2.8 267
Direct linkage, control/display integration ------------- 5.1.3.7 24
Direct viewing, remote handling ------------------------ 5.10.4.2 212
Direction of contrast -------------------------------- 5.2.6.6.4.3.2 51
Direction of movement

controls ----------------------------------------- 5.4.1.2 67
control/display integration ------------------------- 5.1.3.11 24
counter ------------------------------------------ 5.2.6.2.4 47
handwbeels ---------------------------------------5.4.2.2.5.4 B6
push-pull controls -------------------------------- 5.4.3.1.8.6 104
thumbwheel, discrete ------------------------------- 5.4.2.1.3.4 79
zero position, circular scales ---------------------- 5.2.3.2.3.2 41
zero position, curved, horizontal & vertical scales -- 5..2.3.2.4.2 42

Direction of movement, controls ------------------------ 5.4.1.2 67
consistency of movement ----------------------------- 5.4.1.2.1 67
multidimnsional operation ------------------------- 5.4.1.2.2 67
operator-control orientation ----------------------- 5.4.1.2.3 67
valve controls -------------------------------------- 5.4.1.2.4 67

Directional controllers ------------------------------- 5.15.2.6 252
actuation/deactuation -- 5.15.2.6.2 252
use .......................................... 5.15.2.6.1 252

Directory
address ------------------------------------------- 5.15.11,7.2 278
search, aids for -------------------------------------- 5.15.11.7.3 276

Disassembly and adapters, connectors ------------------- 5.9.14.12 207
Disas3embly, equipment ------------------------------------ 5.9.1.6 183
Discomfort, audio signals ----.------------------------ 5.3.3.2.3 58
Disconnect. remote handling equipment ------------------ 5.10.1.2 211

plugs, use of quick ------------------------------- 5.9.14.1 206
Discrete linear controls ------------------------------ 5.4.3.1 Se
Discrete push-pull controls ---------------------------- 5.4.3,1.8 101

application ----------------------------------------- 5.4.3.1.8.1 101
detentsaaaaaaaaaaaaaaaaaa-------------------------.... 5.4.3.1.8.4 101
direction of control motion ------------------------- 5.4.3.1.8.6 104
handle dimensions.displacement and clearances -------- 5.4.3.1.8.2 101
resistance ----------------------------------------- 5.4.3.1.8.7 104
rotation------------------------------- ---------- 5.4.3.1.8.3 101
snagging and inadvertant contact -------------------- 5.4.3.1.8.5 101

Discrete rotary controls ------------------------------ 5.4.2.1 74
Discrete thumbwheel controls --------------------------- 5.4.2.1.3 77

application------------------ ----------------------- 5.4.2.1.3.1 77
coding ------------------------------------------- .4.2.1.3.3 79
dimensions -------------------------------------- 5.4.2.1.3.7 79
direction of movement ------------------------------ 5.4.2.1.3.4 79
external i1luminance -------------------------------- 5.4.2.1.3.5.2 79
internal illuminance ------------------------------- 5.4.2.1.3.5.1 70
numerals ------------------------------------------- 5.4.2.1.3.5 79
resistance ----------------------------------------- 5.4.2.1.3.8 79

313



MIL-STD-1472D

INDEX
Paragraph Page

separation .................... 5.4.2.1.3.9
shape ................. 5.4.2.1.3.2 "A
visibility --------------------------------------- 5.4.2.1.3.6 79

Discriminability ------------------------------------- 5.3.4.3 58
action segment ------------------------------------ 5.3.4.3.4 59
coding ------------------------------------------- 5.3.4.3.2 59
critical signals ---------------------------------- 5.3.4.3.3 59
differentiation from routine signals ---------------- 5.3.4.3.5 59
prohibited types of signals ------------------------ 5.3.4.3.6 59
use of different characteristics -------------------- 5.3.4.3.1 58

Displacement
foot operated push buttons -------------------------- 5.4.3.1.2.3 92
handwheels --------------------------------------- 5.4.2.2.5.5 86
key operated switches ------------------------------ 5.4.2.1.2.2 77
keyboard ----------------------------------------- 5.4.3.1.3.3 92
legend switches ----------------------------------- 5.4.3.1.5.1 97
levers - --------------------------------------- 5.4.3.2.1.7 105
miniature cqntrols ----------------------------------- 5.4.5.2 120
pedals ------------------------------------------- 5.4.3.2.8.7 116
push button -------------------------------------- 5.4.3.1.1.5 B8
push-pull control ------------------------------- 5.4.3.1.8.2 101
rotary switches ----------------------------------- 5.4.2.1.1.7 75
slide switch ------------------------------------- 5.4.3.1.7.3 99

Displacement Joysticks (isotonic joystick) -------------- 5.4.3.2.2 105
dimensions, resistance, & clearance (finger operated) 5.4.3.2.2.2.3 108
dimensions, resistance, & clearance (hand operated) - 5.4.3.2.2.1.3 107
dimensions, resistance, & clearance (thumb operated) 5.4.3.2.2.3.3 104
dynamic cbaracteristics (finger operated) ------------ 5.4.3.2.2.2.2 100
dynamic charaoteristics (hand operated) -------------- 5,4.32.2.1.2 107
dynamic characteristics (thumbtip/lingertip operated) 5.4.3.2.2.3.2 108
finger operated -------------------------------------- 5.4.3.2.2.2 107

hand operated --------------------------------------- 5.4.32.2.1 107
thuabtip/fingertip operated ------------------------- 5.4.3.2.2.3 108
specific use, finger operated ----------------------- 5.4.3.2,2.2.1 108
specific use, hand operated ------------------------- 5.4.3.2.2.1.1 107
specific use, thumbtip/fingertip operated ------------ 5.4.3.2.2.3.1 108

Display
arrangement consistency ---------------------------- 5.2.1.4.10 32
audio ----------------------------------------------- 5.3 55
audio, user-computer interface ----------------------- 5.15.3.8 263
automatic log-on, ussr-computer interface ------------ 5.15.151 247
cathode ray tube (CRT) ------------------------------ 5,2.4 44
circuit failure ------------------------------------ 5.2.1.3.7 28
complexity and precision ---------------------------- 5.1,1.3 21
composite scalar/pictorial -------------------------- 5.2.3.3.7 44
concurrent, interactive control --------------------- 5.15.4.1.6 265
content --------------------------------------------- 5,2.1.3.1 28
contrast -------------------------------------------- 5.2.1.2.3 27
control of displayed information --------------------- 5.2.5.5 40
control movement ratio ---------------------------- 5.1.4 24
cursors ---------------------------------------- 5.15.2.1.8. 248
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design ........................ 5 .1.1.2 21
digital, numeric ......- 5.2.1.3.13 29
dot matrix/segmented ................- 5.2.6.8 52
electrolumLnescent .................. .- 5.2.6.9 53
emergency Use -............ 5.1.2.3.8 23
failure clarity - 5.2.1.3.6 28
Zreeze .......... 5.15.3.4.3 256
graPhic ..........................- 5.15.3.6 258
grouping ............................- . 5.2.1.4.6 29
head-up ............- 5.14.1.1.5 239
illumination ----------------------------------------- 5.2.1.2.1 27
illumination and light distribution ------------------ 5.2.1.2 27
importance ------------------------------------------- 5.21.4.9 32
informAtion density ------------------------------- 5.15.3.2.2 254
labeling -------------------------------------------- 5.5.6.2.3 126
large screen --------------------------------------- 5.2.5 46
light distribution, ----------------------------------- 5.2.1.2.2 27
lighting --- -------------------------------------- 5.8.2 169
maintenance, lights -.------------------------------ 5.2.2.1,A 34
movement, range of ---------------------------- 5.1.4.2 25
moving tape --- -----------------.------------- 5.2.3.3.6 44
multiple, control/display integration ------------- 5.1.2.3.4 23
MBC contamination --------------------------- -------- 5.2.1.3.12 29
optical projection ---------------------------------- 5.2..6 50
other .------------------------------------------------ 5.2.0 47
physical interruption of view ------------------------ 5.2.5.4 46
position relationship ----------------------------- 5.1.2 21
print. hard copy ------------ ---------------------- 5.15.10.2.1 277
segmented -.------------ ------------- .2.6.8 52
smultaneos use ------------------------------------- 5.1.2.3.3 23
standard, prompts ------------------------------ --- 5.15,0.2 272
status, variable function keys ----------------------- 5.15.2.4.2 251
tting ------------------------------------------ 5,2.68.9 53
time I ------------------------------------------ 5.1.3.2 23
timely, keyboard .---------------------------------- 5.15.2.2.3 250
transilluminated ----------------------------------- 5.2.2 32
update rate --------------------------------------- 5.15.3.4.2 256
visual ---------------------------------------- -------- 5.2 27

Display coding. useP-computer Interfac, ----------------- 5.15.3.3 255
brightness ---------------------------------------- 5.15.3,3.3 255
brightness inversion ------------.------------------ 5.15.3.3.9 256
color --------------------------------------------- 5.15.3.3,7 256
flash ------------------------------------------------ 5.15.3.3.2 255
markers CdoMe to words marked ---------------------- 5.15.3.3.6.2 256
pattern and location ------------------------------- 515,3.3.4 255
shape ----------------------------------------------- 5.15.3.3.8 256
special symbols ----------------------------------- 5. 15.3.3.6.1 256
symbol and size ------------------------------------... 15.3.3.6 256
underlining ------------------------------------------ 5.15.3.3.5 255
use ..------------------------------------------------- 5.15.3.3.1 255

Display content. user-Computer interface ---------------- 5.15.3.2 254
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abbreviations and acronyms -.............. 5.15.3.2.3 255j
context for displayed data ----------------- 5.15.3.2.5 255

crowded dispiays ---------------------------------- 5.15.3.2.2.1 254

data entry and display consistency ------------------- 5.15.3.2.4 255

information density ---------------------------------- 5.15.3.2.2 254

related data on same page ---------------------------- 5.15.3.2.2.2 255

standardization -------------------------------------- 5.15.3.2.1 254

Display format, definition ------------------------------ 3.24 11

Display format, user-computer interface ----------------- 5.15.3.1 252

command entry, prompts, messages at bottom ----------- 5.15.3.1.9.2 253

comparative data fields ------------------------------ 5.15.3.1.8 253

consistency -------------------------------------- 5.15.3.1.1 252

criticality -------------------------------------- 5.15.3.1.2 252

data grouped by frequency -------------------------- 5.15.3.1.4.3 253

data grouped by function ----------------------------- 5.15.3.1.4.2 253

data grouped by importance -------------------------- 5.15.3.1.4.1 253

data group labels ---------------------------------- 5.15.3.1.10 253

data separation ------------------------------------ 5.15.3.1.5 253
display title ---------------------------------------- 5.15.3.1.9.1 253

extended alphanumerics ------------------.----------- 5.15.3.1.7 253
fram identification --------------------------------- 5.15.3.1,13 254

labels and titles .------------------------------------. 153.1.9 253

order and sequences ----------------. --.....-- 5.15.3.1.4 253

page numbering ------------------------------------ 5.15.3.1.12 254

readily usable forms ------------------------------- 5.15.3.1.3 252

recurring data fields ------------------------------. 15.3.10 253

scrolling -------------------------------------------- 5.15.3.11 25

Display illumination and light distribution ------------- 5.2.1.2 20

contrast -------------------------------------------- 5.2.1,2.3 27

display illumination -------------------------------- 5.2.1.2.1 27

field use panel diming ------------------------- 5.2.1.2.1.3 27

light distribution nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 5.2.1.2.2 27

night vision device compatibility ------------------ 5.2.1.2.1.2 27

normal nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn. 52.1.2.1.1 27

Display of
differences, direct -------------------------------- 5.15.3.6.29 261

erroneous entries --------------------------------- 5.15.8.11 274

scale ---------------------------------------------- 5.15.3.6.25 260

simulated data ------------------------------------ 5.15.8.13.4 275
Display placement

seated, normal ... .................... .....- -5.7.3.6 147
seated, special ------------------------------------ 5.7.3.7 147

standing, normal ----------------------------------- 5.7.2.2 146

standing, special ---------------------------------- 5.7.2.3 146
Display window, text/program editing ------------------- 5.15.3.7.3 261

Display, visual warning
seated consoles (vision over top) ------------------- 5.7.3.0 147
use with audio signal ------------------------------- 5.3.1.7 55

Displayed
attributes, selecting from -------------------------- 5.1653.6.10 259
as printed, text ----------------------------------- 5.15.3.7.12 262
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location, command language ..........- 5.15.4.5.7 269security classification .......... ---..-- 5.15.8.13.5 275Displaying current attributes -........- 5.15.3.6.12 259

Distance
control spacin. ---- 5.4.1.3.7 68maxiUum viewing, displays .........---- 5.2.1.4.11 32
minmum viewing, displays --------------------------- 5.2.1.4.12 32
viewing, CRT ----------------------------------------- 5.2.4.2 45viewing, character height -------------------------- 5.5.5.15 124viewing, large screen displays ---------------------- 5.2.5.3 46Distinctive and informative label, tabular data -------- 5.15.3.5.9 258Distinctive cursor, graphic displays ------------------- 5.15.3.6.7 259Distinctiveness, command language ---------------------- 5.15.4.5.3 209Distinctiveness of fields, form filling ---------------- 5.15.4.3.4 28

Distribution
light (optical projection displays) ------------------ 5.2.0.6.3 51
work load, controls ------------------------------- 54.I..1 7Division, panel (console) ---------------------- 5.7,6.2.1 I S

Doors
emergency, safety ----------------------------------- 5.13.4.2 233ingress and egress -------------------------------- 5.7.8.1 13JaMming, aerospace vehicles ------------------------- 5,14.3,4.1 243Doors. aerospace vebicles .......... ....... 5.14.3.4 243Jamming ------------------------------------------ 5.14.3.4.1 243
latches . --------------------------------- 

5.14.3.4.2 243Dot matrix/segmnted displays ------------------------- 5.2.6. 52alphatnweric character and symbol size ------ .-------- 5.2.0.8.4 52
display testing .-------------------------------------5.2.6.8.emitter color .............. . .52
general ...-----------------------------

525 52.0,8.1 52
intensity control ------ ----- ------ ----- 5 . . ,8 "5
location of red alpbanuaelc D/segented display-- 5.2.0,8.10 53symbol definition ----------------------------------- 5.2.,8.3 52

..... .... -------------------------------------- 
.2.0.8.2 52use of upper cs -..------------------ 5.2.8.8,5 52

viewing angle --------------------------------- 5.2.6.6 52Dr~in valves, vehicles .------------------------- ---- 5.12.9,l.I 230Drawing figures. graphic displays ---------------------- 5.3 1.. 280Drawing lines, graphic display .----------------------... .. 3... 260Drawer module connector .--------------- 5.9.14.10 207Dual tires ----------------------------------------------- 512.2 231Duration, audio warning ------------------------------- 5.3.6.5 62display signals ----------------------------------- 52139 2limitations. audio "&rnin ------------------------- 5.3.6.6 52Dynamic characteristics
ball control -------------------------------------- 5.4.3242 111finger operated displacement joysticks --------------- 5.4.3.2.2,2.2 108linger operated isovetric Joysticks ------------------- .43.23.2.2 109free-oving XY controller ---------------------------5.4.3.2.6.2 tofrid and stylus devices ----------------------------- 54.3.2.5.2 113hand operated displaoemnt Joysticks ----------------- 5.4.3.2.2.1.2 107
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hand operated isometric joysticks ------------------- 5.4.3.2.3.1.2 109
light pen ----------------------------------------- 5.4.3.2.7.2 114W
thumbtip/fingertip operated displacement Joysticks --- 5.4.3.2.2.3.3. 108
tbumbtip/fingertip operated isometric joysticks ------ 5.4.3.2.3.3.2 111

Dynamic displays -------------------------------------- 5.15.3.4 256
changing values ----------------------------------- 5.15.3.4.1 256
display freeze ------------------------------------ 5.15.3.4.3 256
freeze feedback ----------------------------------- 5.15.3.4.4 256
update rate -------------------------------------- 5.15.3.4.2 256

Dynamic range. speech transmission equipment ------------ 5.3.7.2 62

E

Ease of operation, escape exit ------------- 4.14.4.2.3 244
Easy return to base-level functions - -- 5.15.2.4.6 251
Easy storage and retrieval. graphic displays ------------ 5.15.3.6.13 259
Edge rounding, hazard --------------------------------- 5.13.5.4 235
Editing. text/program -------------------------------- 5.15.3.7 201
Editing commands ------------...........---------------- 5.15.3.7.4 261

program edit commands -------------------------------- 5.15.3.7,4.2 261
tab controls ---------------------------------------- 5.15.3.7.4.3 261
text edit commands -----------.--------------------- 5.15.3.7.4.1 261

Effects, keystone ----------------------------------- -5.2.6.6.5 51
Effects of

crew size, shared work space ------------------------ 5.14.2.2.3 240
variable gravity, shared work spaco ------------------ 5.14.2.2.5 240

Effective temperature, definition ---------------------- 3.25 1
Efficient handling. unit design for -------------------- 5.9.11 192*
Egress and ingress, personnel

aerospace vehicles ---------------------------------- 5.14.3 242
workspace dehig ----------------------------------- 5.7. 163

Ejection systems, aerospace vehicles ------------------- 5.14.4.3 244
automatic sequencing ------------------------------ 5.14.4.3.6 245
clearance ----------------------------- 5.14.4.3.1 244
control protection ---------------------------------- 5.14.4.3.4 245
ejection controls -------------------------- 5.14.4.3.3 245
safety harnesses ----------------------------------- 5.14.4.3.2 244
safety pins and strvasers -------------------------- 5.14.4.3.5 245
survival requirements ------------------------------- 5.14.4.3.7 245

Electrical, mechanical, fluid. toxic & radiation hazards 5,13.7 235
Electrical hazards . ------------------------------ 5.13.7.1 235

electrically-operated hand tools, safety ------------- 5.13.7.1.6 236
electronic equipment -------------------------------- 5,13.7.1.7 238
ground potential --------------------------- 5.13.7.1,5 236
high voltage --------------------------------------- 5.13.7.1.4 236
insulation of tools -------------------------.----- 5.13.7.1.1 235
plugs and recepticales--------------------------- 5.13.7.1.2 236
vehicle batteries ---------------------------------- 5.13.7.1,8 236
voltage exposure ----------------------------------- 5.13.7.1.3 236

Electrical labels ------------------------------------- 5.13.2.0 233
Electroluninescent displays ---------------------------- 5.2.6.g 53
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alphanumeric character and symbol sizes -- - 5.2.6.9.2 53
use ........................................... ------ 5.2.6.9.1 53

Electromagnetic pulse (EMP) bardning, design for - 4.11 19
Electronic equipment, electrical hazards ---------------- 5.13.7.1.7 236
Electronic modules, connectors ------------------------- 5.9.14.11 207
Elements, selecting graphic ---------------------------- 5.15.3.6.10 259
Elevators/inclinators & hydraulic-operated work platforms 5.7,7.7 159
Emergency

doors and exits, hazards ---------------------------- 5.13.4.2 233
flasher system, and turn signal --------------------- 5.12.9.3 231
lighting, escape exits ----------------------------- 5.14.4,1.1 244
use, control/display integration --------------------- 5.1.2.3.8 23

Emergency evacuation, aerospace vehicle ----------------- 5,14.4 243
cutaway areas ------------------------------------- 5.14.4.1.3 243
evacuation aids ----------------------------------- 5.14.4.1.6 244
evacuation time ------------------------------------- 5.14.4.1.2 243
exterior protrusions ------------------------------- 5.14.4.1.5 243
Seneral criteria ----------------------- 5.144.1 243
handhold; ------------------------------------------- 5.14.4,1.7 244
movable articles ------------------------------------ 5.14.4.1.4 243
simplicity ------------------------------------------ 5.14.4.1.1 243

Emitter color, dot matrix/segmented displays .---- 5.2.0.8.7 52
Enter, definition ----------------------------- ------- 3.26 11
Entrance pupil, optical instruments and related equipment 5.11.3.6 217
Entries, control (text/program editing) ------------- 515.3.7.5 262
Entries, deftults for sequential ----------------------- 5.15.7.4 273
Entry

form filling for control. form filling ----------- 5,16,4,3.4 263
flexiblo data, form filling ------------------------ 5.16.4.3.13 269
length Indication, form filling --------------------- 5.15.43.7 260
prompting addreus, addresses .----------------------- 5.1511.7 278
series, menu selection ----------------------------- 5.15.4,2.2.3 208

Environment .---------------------------------------- 5.8 167
a*oustic. compatibility ---------------------------- 5.3.4.4.2 60
acouatical, compatibility with audio warning signals - S.3.3-2.1 57
gunner, tracking ------------------------------..... 5.11.2.1 216

Environmental conditions, optical instruents ----------- 5.11.3.16 221
Equivalents. metric (definition) ----------.----------- 3.45 13
Equipment

definition -------------------------------------- - 3.27 11
design for remote bandling ------------------------- 5.10 211
direct viewing. remote handling --------------------- 5.10.4.2 212
electronic. safety .--------------------------------- 5.13.7.1.7 230
failure, definition . .. ..------------------------- 3.28 11
fluid and fuel servlcing, hazards ------------------- 5.13.7.3.2 237
functions. labels ---------------------------------- 5.5.3.1 122
prOvisions for hand-carrying. stairs and ramps ------- .7.1.1.2 150
indication of failure ------------------------------- 5.9.17.1 208
indirect viewing, remote handling ------------------- 5.10.4.4 212
labels, prototype and production --------------.------ 5.5.1.3 121
man transportability ------------------------------ 5.11.1 213
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optica l instr uments .......................... ----- 5 .11.3 2 16
personal, anthropometry 5.6.3.5 143w
personal, thermal control ...... 5.8.1.6 167
portability -------------------------------------- 5.11.1.1 213
related hazards, general --------------------------- 5.13.5 235
response, transilluminated displays ----------------- 5.2.2.1.2 33
small systems -------------------------------------- 5.11 213
speech reception, audio displays -------------------- 5.3.8 63
speech transmission, audio displays ----------------- 5.3.7 62
test .-------------------------------------------- 5.9.16 208
thermal contact hazards ---------------------------- 5.13.4.0 224
vibration ------------------------------------------ 5.8.4.2 180
voice communications, operating controls ------------- 5.3.10 64
viewing, remote handling --------------------------- 5.10.4 211

Equipment failure, definition -------------------------- 3.28 11
Equipment space, personal (tunnels) -------------------- 5.14.3.3.2 242
Equipment labeling ----------------------------------- 55.6 124

general requirements ------------------------------- 5.5.6.1.1 124
location ----------------------------------------- 5.5.6.1.2 124
other criteria -------------------------------------- 5.5.6.1.4 126
terms -------------------------------------------- 5.5.6.1.3 128
units, assemblies, subassemblies and parts ----------- 5.5.6.1 124

Equipment, viewing ----------------------------------- 5.10.4 211
coding ------------------------------------------- 5.10.4.5 212
direct viewing -------------------------------------- 5.10.4.2 212
general --------------------------------------------- 5.10.4.1 2110
indirect viewing ----------------------------------- 5.10.4.4 21E
lettering -------------------------------------------- 5.10.4.6 21 0
stereo viewing ------------------------------------ 5.10.4.7 212
viewing angle ---------------------------------------- 5.10.4.3 212

Erroneous input, feedback for (interactive control) ----- 5.15.4.1.14 28
Error management/data protection ----------------------- 5.15.8 273

correction entry and confirmation ------------------- 5.15.8.8 274
.critical entries -----------------------------------. 5.15.8.4 273
diagnostic information ------------------------------ 5.15.8.7 274
display of erroneous entries ------------------------ 5.15.8.11 274
early detection ------------------------------------ 5.15.8.2 273
error correction ----------------------------------- 5.15.8.1 273
error message content ------------------------------ 5.15.8.5 274
error recovery and process change -------------------- 5,15.8.6 274
errors in stacked commands -------------------------- 5.15.8.10 274
internal software checks ---------------------------- 5.15.8.3 273
spelling errors ------------------------------------ 5.15.8.9 274

Errorproof design ---.---------------------------------- 5.9.1.8 183
Escape capsule, ejection system ----------------------- 5.14.4.3.8 245

alighting impact ----------------------------------- 5.14.4.3.8.3 245
capsule provision ----------------------------------- 5.14.4.3.8.1 245
flotation ---- --------------------------------------- 5.14.4.3.8.4 245
pressurization . ..... --------------------------------. 5.14.4.3.8.2 245

Escape exits, amergency evacuation --------------------- 5.14.4.2 244
control protec* on -------------------------------- .14.4.2.5 244
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ease of operation - 5.14.4.2.3 244
emergency lighting ----------------------------------. 5.14.4.2.1 244
escape openings ----------------------------------- 5.14.4.2.2 244
latch-handle actuation ----------------------------- 5.14.4.2.4 244

Evacuation, emergency (aerospace vehicle) --------------- 5.14.4 243
Evacuation aids, emergency evacuation ------------------- 5.14.4.1.6 244
Evacuation time, emergency evacuation ------------------ 5.14.4.1.2 243
Exclusion, ambient lighting and color-coding ----------- 5.1.1.4.5.5 71
Existence load -------------------------------------- 5.11.1 213
Existing files, incorporate (data/message transmission) - 5.15.11.6 277
Existing signals, compatibility ----------------------- 5.3.4.4.1 60
Exit

emergency, safety --------------------------------- 5.13.4.2 233
escape, emergency evacuation ----------------------- 5.14.4.2 244
hatches, aerospace vehicles ------------------------- 5.14.3.1 242

Exit markings, ingress & egress ------------- ---------- 5.14.3.1.1 242
Exit pupil, head-up displays -------------------------- 5.14.1.1.5.5 239
Exit pupil, optical instruments ------------------------ 5.11.3.7 217

daylight ----------------------------------------- 5.11.3.7.2 217
general ........ 5.11.3.7.1 217
low light levels ----------------------------------- 5.11.3.7.3 217

Explicit
action, data entry -------------------------- ------ 5.15.2.1.4 248
activation, data entry ------------------------------ 5.15.2.1.8.4 249
delete action, data entry --------------------------- 5.15.2.1.10 249
prompts --------------------------.----------------- 5.15.6.3 272

Exposure, voltage (electrical safety) ------------------- 5.13.7.1.3 230
Extended alphanumerics, display format ----------------- 5.15.3.1.7 253
Extensions

horizontal, tabular data ---------------------------- 5.15.3.5.5 257
unit design for efficient handling ------------------ 5.9.11.2 192
vertical, tabular data ------------------------------ 5.15.3,5.6.2 257

Exterior protrusions ---------------------------------- 5.14.41.5 243
External illuminance ---------------------------------- 5.4.2.1.3.5.2 79
Extreme quite areas ---------------------------------- 5.8.3.3.5 175
Eyecups and headrests --------------------------------- 5.11.3.14 219

compatibility with clothing and personal equipment --- 5.11.3,14.3 219
eyecups --------------------------------------------- 5.11.3.14.1 219
headrests/browpads -------------------------------- 5.11.3.14.2 219

Eyepiece adjustments, optical instruments --------------- 5.11.3.9 217
4-power and loe.---------------------------------- 5.11.3.9.1 217
over 4-power -------------------------------------- 5.11.3.9.2 217

Eyepiece separation, binocular/biocular ---------------- 5.11.3.13.2 219
Eye relief, optical equipment -------------------------- 5.11.3.8 217

F

Face dimensions ---------------------------------------- 5.6.2 129
Facilities, definition ------------------------------- 3.29 11
Facility design. acoustical noise ----------------------- 5.8.3.4 177

attenuation of materials and layout ----------------- 5.8.3.4.2 177
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general provisions ----------------------------------- 5.8.3.4.1 14reduction of reverberation time ---------------------- 5.8.3.4.3 177
Fail-safe design

defidition ---------------------..----------.......... 3.30 11general requirements -------------------------------. 5 19
Failure

audio displays ------------------------------------ 5.3.1.4 55
computer, uMSecomputer interface ------------------- 5.15.1.7 247display circuit ----------------------------------- 5.2.1.3.7 28display clarity ----------------------------------- 5.2.1.3,8 28

equipment, definition ----------------------------- 3.28 11
power steering ------------------------------------ 5.4.2.2.5.7 88Failure indications and fuse requirements --------------- 5.9.17 208
computers ---------------------------------------- 5.9.17.1.5 206critical Wifunction ------------------------------- 5.2.17.1.3 208
indication of equipment failure ---------------------- 5.9.17.1 208
out-of-tolerance ---------------------------------- 5.9.17.1.2 208
power failure ------------------------------------ 5.9.17.1.1 208

Faint signals. CRT ----------------------------------- 5.2.4.4 45False alarms, audio displays -------------------------- 5.3.1.3 55
False indication/obscuration, transilluminated displayg - 5.2.2.1.11 34
Familiarity, labels ----------- ----------------------- 5.5.4.2 22
Fasteners ------------------------ ------------------- 5.9.10 191

accessibility -.------------------------------------ 5.9.10.5
captive ----------------------------------------------5..03
enl ------..------------------- 5.9.10.3

general ------------------------------------------- 5.9.10.1 191head type ---------------------------------------- 5.9.10.5 191high torque-------------------------------------- .9.10.5.1 191
hinge. and tongue-and-slot catch..------------------- 5.9.10.2 191
low torque ------------------ _---------- - ------------- 5.9.10.5.2 191
number of turns ----------------------------------- 5.9.10.7 2
quantity ------------------------------------------- 5.0,10.4 101remote handling equipment -------------------------- 5.10.1.3 211
torque labeling ----------------------------------- 5.9.10.6 192

Feedback
control/display integration ------------------------- 5.1.1.4 21
fixed function keys -- -------------------------- - 5.152.38 251
loot-operated switches ------------------ ----------- 5.4.3.1.2.4 92
for correct input. interactive control ............... 5.15.4.1.13 265
for erroneous Input, interactive control ------------- 5.15.4.1.14 256
freeze mode, dynamic displays ------------------------ 5.15.3.4.4 256
keyboards ------------------------............ 5.4,3,1.3.0 94
lightpn ----------------------------------------- 5.15.2.5.4 252
log-on. user-computer interface --------------------- 5.15.1.5.2 247
positive. user-computer interface ---------------f--- 5.15.2.1.2 248
remote handling equipment -----------------------.--- 5.10.2 211

Feedback, user-computer interface .---------------------- 5.15.5 271
current modis ------------------------------------- 5.15.5.5 271
feedback message content .--------------------------5.15.5.8
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highlighted option selection .................. ------ 5.15.5.6 271
input confirmation ----------------------------- ------ 5.15.5.4 271

process outcome -------------------------------------- 5.15.5.3 271

stand-by --------------------------------------------- 5.15.5.2 271

time-consuming processes ----------------------------- 5.15.5.0 272
use ----------------------------------------- 5.15.5.1 271

user input rejection --------------------------------- 5.15.5.7 271
Field

definition ------------------------------------------- 3.31 11
visual (vehicle visibility) -------------------------- 5.12.5.2 227

Field of view
head-up displays ------------------------------------- 5.14.1.1.5.4 239
optical equipment ------------------------------------ 5.11.3.5 217

Field use panel dimming (panel illumination) ------------ 5.2.1.2.1.3 27
Fields

comparative data ------------------------------------- 5.15.3.1.8 253
distinctiveness of, form filling --------------------- 5.15.4.3.4 268
labels, form filling --------------------------------- 5.15.4.3.5 268
recurring data --------------------------------------- 5.15.3.1.6 253

Fighting load ------------------------------------------- 5.11.1 213
Figures, drawing ---------------------------------------- 5.15.3.6.18 260
File

definition ------------------------------------------- 3.32 11
head- and foot-of ------------------------------------ 5.15.3.7.15 263

Files, incorporate existing ---------------------------- 5.15.11.6 277
Filtering, speech reception ----------------------------- 5.3.8.2.2 63
Filters, optical instruments ---------------------------- 5.11.3.15.1 219

general . . 5--1-3,-- - - -,- 219
use ----------------------------------------------5.11.3.15.1.2 219

Filters, automotive subsystems ------------------------ 5.12.9.1.2 230
Fine setting knob, control display movement ratio ------- 5.1.4.4 25
Finger operated displacement joysticks ----------------- 5.4.3.2.2.2 107

dimensions, resistance and clearances ---------------- 5.4.3.2.2.2.3 106
dynamic characteristics ----------------------------- 5.4.3.2.2.2.2 108
specific uses ---------------------------------------- 5.4.3,2.2.2.1 108

Finger operated isometric joysticks --------------------- 5 .4.3.2.3.2 109
dimensions, resistance and clearances ---------------- 5.4.3.2.3.2.3 109
dynamic characteristics ------------------------------ 5.4.3.2.3.2.2 109
specific uses -------------------------------------- 5.4.3.2.3.2.1 109

Finger operated push buttons --------------------------- 5.4.3.1.1 88
Fingertip operated displacement joysticks --------------- 5.4.3.2.2.3 108

dimensions, resistance and cloarances ------ ------ 5.4.3.2.2.3.3 106
dynamic characteristics ----------------------------- 5.4.3.2.2.3.2 10
specific uses --------------------------------------- 5.4.3.2.2.3.1 10

Fingertip operated isometric joysticks ------------------ 5.4.3.2.3.3 109
dimensions, resistance and clearances ---------------- 5.4.3.2.3.2.3 111
dynamic characteristics ----------------------------- 5.4.3.2.3.2.2 111
specific uses --------------------------------------- 5.4.3.2.3.2.1 IO

Finger-thumb strength, high-force controls ------------- 5.4.4.2 11(
Finish, counters --------------------------------------- 5.2.6.2.6 41
Fixed function (dedicated) keys ------------------------ 5.15.2.3 25(
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actuation ------ 5.15.2.3.7 25 1

availability ..........................- . 5.15.2.3.4 25
feedback ........................- 5.15.2.3.8 251
function labels ----------------------------------- 515.2.3.9 251
functional consistency ----------------------------- 5.15.2.3.3 250
grouping ----------------------------------------- 5.15.2.3.6 251
non-active keys ----------------------------------- 5.15.2.3.5 250
standardization ----------------------------------- 5.15.2.3.2 250
use --------------------------------------------- 5.15.2.3.1 250

Fixed function keys, interactive control ---------------- 5.15.4.4 269
Fixed ladders ------------------------------------------ 5.7.7 156
Fixed ladder dimensions ------------------------------ 5.7.7.4 159
Fixed pointer

circular scale ------------------------------------ 5.1.3.5 24
linear scale ------------- ------------------------ 5.1.3.6 24

Fixed pointer, moving scale indicators ----------------- 5.2.3.3 44
alignment of pointer or fixed reference line .--------- 5.2.3.3.3 44
numerical progression ------------------------------ 5.2.3.3.1 44
orientation -------------------------------------- 5.2.3.3.2 44

Fixed reference line, moving scale indicators ----------- 5.2.3.3.3 44
Fixed-sc&le indicators, moving pointer ----------------- 5.2.3.2 41
Flags, other displays --------------------------------- 5.2.6.5 49

contrast ----------------------------------- 7 -------- 5.2,6.5.4 49
legend --------------------------------------------- 5.2.6.5.0 50
malfunction indication ----------------------------- 5.2.6.5.5 49
mounting -------------------------------------------- 6.2.6.5.2 49
snap action ----------------------------------------- 5 .2.6.5.3
test provision --------------------------------------- 5.2.6.5.7 E
use -------------------------- 5.2.6.5.1 49

Flash, display coding --------------------------------- 5.15,3.3.2 255
Flashing lights, transilluminated displays -------------- 5.2.2.1.19 35
Flexible

data entry, form filling --------------------------- 5 .15.4.3.13 269
printing options ----------------------------------- 5.15.3.7.14 262

Floors, aerospace vehicle design ----------------------- 5.14.3.6 243
Floor space, workspace -------------------------------- 5.7,1.3 145
Flotation, escape capsule ------------------------------ 5.14.4.3.8.4 245
Fluid, electrical, mechanical, toxin and radiation hazard 5.13.? 235
Fluid hazards ------------------------------------- - 5,13.7.3 236

connectors ------------------------------------------ 5.13.7.3.1 230
fluid and fuel service equipment -------------------- 5.13.7.3.2 237

Folding handle, cranks -------------------------------- 5.4.2.2.4.4 86
Font legibility, CRT displays -------------------------- 5.2.4.10 16
Foot controls

access to, aerospace seats -------------------------- 5.14.2.4.5 241
lifting vehicles ------------------------------------ 5.12.8.4 230
high-force controls.-------------------------------- 5.4.4.3 120

Foot dimensions --------------------------------------- 5.6.2 129
Foot operated controls ----------------------------- 5.4.1,8.6 73

avoidance-------------------------------------------- 5.4.1.6.6.2 73
configuration and plaoement ------------------------- 5.4.1,8.6.4 74
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operation - 5.4.1.8.6.3 74
use 5.4.1.8.6.1 73
voice communications - 5.3.10.3 64

Foot-operated switches ---------------------------------- 5.4.3.1.2 88
dimensions, resistance and displacement -------------- 5.4.3.1.2.3 92
feedback --------------------------------------------- 5.4.3.1.2.4 92
operation ---------------------------------------- 5.4.3.1.2.2 92
use ---------------------------------------------- 5.4.3.1.2.1 88

Foot surface, inclines, stairs and ladders ----------- 5.14.3.5.2 243
Footholds and handholds

aerospace vehicles -------------------------------- 5.14.3.2 242
lifting vehicles ----------------------------------- 5.12.8.8 230

Force limits (also see Resistance) ---------------------- 1.4 2
handle -------------------------------------------- 5.9.11.5.6 203
hatches ------------------------------------------ 5.7.8.2.2 183
horizontal push and pull ----------------------- 5.9.11.4.1 194
vertoal push and pull ------------------------------ 5.9.11.4.2 195

Fore and aft adjustment, aerospace seats --------------- 5.14.2.4.2 241
Forearm support, tracking equipment -------------------- 5.11.2.4 218
Forklift

vehicles-------- w - ------------------------------- 5.12.8 229
visibility ---------------------- 5.12.5.0 228

Form, readily usable (display format) ---------- -------- 5.15.3.1.3 252
Form filling ---- --------------------------------------- 5.15,4.3 267

cursor - --------------------------------------------- 5.15.4.3.6 268
dimensional units --------------------------------- 5.15.4.3.10 268
distinctiveness of fields --------------------------- 5.15.4.3.4 268
entry length indication --------------------------- 5.15.4.3.7 258
flexible data entry -------------------------------- 5,15.4.3.13 268

field l -bel ------------------------------------- 5.15,4.3.5 26- field label* .. .... ........

form filling for control entry ----------------------- 5.15.4.3.16 209
format and content consistency---------------------- 5.15.4.3.3 268
grouping ----------------------------------------- 5.15.4.3.2 267
informative labels -------------------------------- 5.15.4.3,14 268
logical order ------------------------------------- 5.15.4.315 268
non-entry areas ---------------------------------- 5,15.4.3,12 268
overwriting --------------------------------------- 5.15.4.3. 268
unused underscores --------------------- ----- 515.4.3.9 268
US -------- - ---------------------------------------- 5.15.4.3.1 207
user omissions ------- ----------------------- -5.15.4.3.11 288

Format
consistency----------------------------------------- 5.15,4.2,4 206
control, text/program editing ----------------------- 5.15.3.7.9 262
display, data display ------------------------------ 5.15.3.1 252
information, visual displays ------------------------ 5.2.1.33 28
predefined graphic ------------------................ 5.15.3.6.15 259
predefined. text/program editing -.------ ------------ 5.15.3.7.10 202
reticles -------------------------------------------- 5.11.3.11.3 218
standardization, display content -------------------- 5.15.3.2.1 254
vehicle operating instruction ----------------------- 5.12.4.2 227

Forms, stored message -------- ------------------------ 5.15.11.5 277
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Free-moving KT controller (mouse) .........- 5.4.3.2.6 1134

application --------------------------------------- 5.4.3.2.6.1 113
dimensions and shape ------------------------------- 5.4.3.2.6.3 114
dynamic characteristics ---------------------------- 5.4.3.2.6.2 113

Freeze
display ------------------------------------------ 5.15.3.4.3 256
feedback ----------------------------------------- 5.15.3.4.4 256

Frequency, characteristics of audio warning signals ----- 5.3.3.1 57
range ----------------------------------------------- 5.3.3.1.1 57
spurious signals ----------------------------------- 5.3.3.1,2 57

Frequency
audio displays -------------------------------------- 5.15.3.8.5 263
carrying, might ---------------------------------- 5.9.11.3.0 194
data grouped by ----------------------------------- 5.15.3.1.4.3 253
de-emphasis, audio --------------------------------- 5.3.8.3 03
lifting, weight ----------------------------------- 5.9.11.3.2 193
pre-emphasis, audio -------------------------------- 5.3.7.4 62
speech transmission equipment, audio ---------------- 5.3.7.1 62

Frequency of use, visual displays ---------------------- 5.2.1.4.8 29
Frequency range

audio signals --------------------------------------- 5.3.3.1.1 57
speech reception equipment -------------------------- 5.3.8.1 63

Frequently used text, text/proSran editing --- -------- .15.3.7.11 282
Function

allocation ----------------------------------------- 4.3 17
critical, location (indicator lights) ---------------- 5.2.2.1.7 33
data grouped by ----------------------------------- 5.15.3.1.4.2 25d
direct call, menu selection ------------------------- 5.15.4.2.8 26
key, definition ------------------------------------ 3.33 11
key. fixed ------------------------------------------ 5.15.2.3 250
key. variable --------------------------------------- 5.15.2.4 251
labels, fixed function keys ------------------------. 5.15.2.3.9 251
separate adjustability ------------------------------ 5.9.1.4 183
sequence -------------------------------------------- 5.2. 1.4.7 29
supportive-audio ------------------------------------ 5.15.3.8.3 263

Functional
consistency ------------------------------------------ 5.15.2.3.3 250
labeling, controls and displays --------------------- 5.5.6.2.3 126
integration, data and message transmission ----------- 5.15.11.1 277

Functional grouping, control/display integration -------- 5.1.2.1 21
access --------- ---------------------------------- 5.1.2.1.1.2 22
consistency ............................... L -5.1.21.1.4 22
group arrangement --------------------------------- 5.1.2.11 21
group marking ------------------------------------- 5.1.2.1.1.3 22
sequence ----------------------------------------- 5..2,1..1 22

Functions
easy return to base-level ------------------------ 5.15.2.4.0 2S1
equipment (labels) -----------------------... ----------. 5.3.1 122
reprogramable or inactive default ------------------ 5.15,2.4,3 251

Fuses and circuit breakers ----------------------------- 5.9.17.2 208
circuit breaker controls-------------------- ------- 5.9,17.2.4 209
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circuit breaker dimensions and separations ----------- 5.9.17.2.5 209

g e n e r a l ... ............................ 5 .9 .17 .2 .1 2 0 8

markings -................................. 5.9.17.2.3 208

replacement and resetting - 5.9.17.2.2 208

Ganged control knobs --------------------------------- 5.4.2.2.2 81
application -------------------------------------- 5.4.2.2.2.1 81
dimensions and separation --------------------------- 5.4.2.2.2.2 81
inadvertent operation ------------------------------ 5.4.2.2.2.6 84
knob/display relationship --------------------------- 5.4.2.2.2.5 84
marking --------------------------------------------- 5.4.2.2.2.4 81
resistance --------------------------------------- 5.4.2.2.2.3 81

Ganging to mode switches, volume control ---------------- 5.3.6.4.2 61
Gear lock. landing (trailers) -------------------------- 5.12.7.1.4 229
General *uipment-related hazards ---------------------- 5.13.5 235

access ------------------------------------------- 5.13.5.2 235
edge rounding ------------------------------------- 5.13.5.4 235
hazardous access ----------------------------------- 5.13.5.3 235
interlocks and alarm ------------------------------ 5.13.5.1 235
safety pins and streamers -------------------------- 5.13,5.5 235

Gencral labeling criteria ----------------------------- 5.12.4.6 227
General provision, facility design --------------------- 5.8.3.4.1 177
General requirements, MIL-STD-1472D -------------------- 4. 17

design for electromagnetic pulse (EMP) hardening ----- 4.11 19
design for NBC survivability ------------------------ 4.10 19
fail-safe design ----------------------------------- 4.5 19
function allocation --------------------------------- 4.3 17
human engineering design ---------------------------- 4.4 17
interaction ---------------------------------------- 4.7 19
objectives ------------------------------------------ 4.1 17
ruggedness ------------------------------------------ 4,0 19
mafety ---------------------------------------------- 4 19
simplicity of design ------------------------------- 4.8 19
standardization ---.............--------------------- 4.2 17

General workepaces, acoustical noise ------------------- 5.8.3.3.1 175
General workspace hazards ------------------------------ 513.4 233

alerting device -------------------------------------- 5.13.4.1 233
emergency doors and exits --------------------------- 5.13.4.2 233
illumination ---------------------------------------- 56.13.4.5 234
obstructions ---------------------------------------- 5.13.4.4 234
Stairs ---------------------------------------------- 5.13.4.3 234
thermal contact hazards ----------------------------- 5.13.4.6 234

Glare
reflected, CRT -------------------------------------- 5.2.4.7 45
vehicle visibility --------------------------------- 5.12.5.6 228

G-loading, controls ---------------------------------- 5.4.1.1.2 67
Gloves, compatibility with controls ---------------------- 54.1.6 72
Graduation, size (labels) ------------------------------...5,0.2.5 127
Graduations. scale marking# ---------------------------- 5.2.3.1.5.1 39
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Graphic disp lays ........... - ---..........-- 5 .15 .3 .6 258
automatic data registration -------------------------- 5.15.3.6.14 259
bar graphs 5.15.3.6.30 261
bar spacing .......-- 5.15.3.8.30.1 261
changing size ............... - 5.15.3.6.19 260
computer derivation of graphic data .------------------ 5.15.3.6.16 "260
confirming cursor poition --------------------------- 5.15.3.6.9 259
consistent scaling ----------------------- ----------- 5.15.3.6.26 260
data annotation -------------------------------------- 5.15.3.6.22 260
display of scale ------------------------------------- 5.15.3.6.25 260
displaying current attributes ------------------------ 5.15.3.6.12 259
distinctive cursor ----------------------------------- 5.15.3.6.7 259
direct diplay of differences ------------------------ 5.15.3.6.29 261
drawing figures -------------------------------------- 5.15.3.6.18 260
,drawing line ---------------------------------------- 5.15.3.6.17 260
easy storage and retrieval --------------------------- 5.15.3.6.13 259
graph axe ------------------------------------------- 5.15.3.6.4 258
highlighting critical data --------------------------- 5.15.3.6.20 260
histogram (stop charts) ----------------------------- 5.15.3.8.30.2 261normal orientation for labels ------------------------ 5.15.3.6.23 260
pictorial symbols --------------------------------- 5.15.3.6.24 260
pointing --------------------------------------------- 5.15.3.6.6 258precise positioning ------------------------- r -------- 5,15.3.6.8 258
predefined graphic formats ------------- ------------- 5.15.3.6.15 259
recurring data ---------------------------------------5.15.3..2 258
reference index -------------------------------------- 5.153.6.21 260
refresh rates ------------------------------------- 5.153.6.3 25
selecting from displayed attributes ------------------ 5.15.3.6.11 259
selecting graphic element# --------------------------5.15.3.0.10
single scale only ------------------------ 5.15.3.6.27 280
trend lines ---------------------------------------- 5.15.3.6.5 258
unobtrusive grids----------------------- -- ---- - 5.15.3.6.28 261
use ---------------------------------------------- 5.15.3.6.1 258Graphic interaction ---------------------------------- 5.15.4.8 271
iconic menus.--------------------------------------- 5.15.4.8.2 271
supplementary verbal labels ---------------- ------ 5.15.418,3 271
Use ---------------------------------------------- 5.15.4.8,1 271

Graphic panels------------------------- -------- 5.2.2.4.2 37
Grasp

area foe requirements ----------------------------- 5...5.6 203
areas ------------------------------------------- 5.9.11 203
areas, band --------------------------------------- 5.13.2.7
surface ---------------------------------------------- 5.9.11.5.4 203

Gravity. variable (crew Compartment design) ------------- 5.14.2.2.5 240
Grid and stylus devices -------------------------------- 5.4.3.2.5 11

application --------------------.------------------- 5.4.3.2.5.1 111dimonsions and mounting ---------------------------- 5.4.3.2.5.3 113
dynamic characteristics ------ .-------.---------------- 5.4.3.2.5.2 113

Grip handle, cranks ------------------------------------ 5.4.2.2.4.2 86
Ground view, vehicle visibility ------ ---------- 5.12..3 227
Ground workspace design ------------------------------- 5.7 145
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I Ground potential, electrical hazard ........ 5.13.7.1.5 236
GroLup

arrangementfunctional - 5.1.2.1.1 21
labels, data ------------------------------------- 5.15.3.1.10 253
marking, functional -------------------------------- 5.1,2.1.1,3 22

Grouped
frequency, display format -------------------------- 5.15.3.1.4,3 253
function, display format ---------------------------- 5.15.3.1.4.2 253
importance, display format -------------------------. 5.,.1..1 253

Grouping
alphanumoric, tabular data ------------ 5.15.3.5.8 258
arrangement, controls ------------------------------ 5.4.1.3 68
controls ------------------------------------------- 5.4.1.3.1 68
displays -------------------------------------------- 5.2.1.4.0 29
fixed function keys --------------------------------- 5,15.2.3.6 251
form filling ---------------------------------------- 5.15.4.3.2 267
functional, control/display integration -------------- 5.1.2.1 21
transilluainated displays ----- --------------------- 5.2.2.1.5 33

Groups
arrangement within ----------------------------------- 5.1.2.3 22
component ------------------------------------------- 5.1.2.3.7 23
location and arrangement (aerospace vehicles) -------- 5.14.2.2.2 240

Guard, cover (push button) - 5.4.3.1.1.4 88
Guards, mechanical hazards ----------------------------- 5.13.7.2.1 236
Guarding hazardous conditions ------------------------- 5.9.9.5.1.5 190
Guardrails., stairs, ladders & ramps -------------------- 5.7.7.1.3 150
Guides, case design ----------------------------------- 5.9.7.4 186

H

Hand
access, openings and covers ------------------------- 5.0.0.5.1 187
controls, high force -------------------------------.. 5.44.2 116
dimensions ------------------------------------------ 6.6.2 120
grasp area placards --------------------------------- 5.13.2.7 233
strength ------------------------------------------. ,4.4.2 116
support, tracking equipmnt ------------------------- 5.11.2.4 210
surface, inclines, etairs & ladders .----------------- 5,14.3.5.2 243
tools, common (definition) -------------------------- 3.0 10
tools. electrically-operated (electrical hazards) ---- 5.13.7.1.6 236

Hand opera ed displacement joysticks ------------------- 5.4.3.2.2.1 107
dinsisong. revistsact and clearance ---------------- 5.4.3.2.2.1.3 107
dynamic characteristics ----------------------------- 5.4.3.2.2.1.2 107
specific us .-------------------------------------- 5.4.3.2.2.1.1 107

Hand operated isometrick Joysticks --------------------- 5.4.3.2.3.1 109
dimensions, resistance and clearance ----------------- 5.4.3,2.3.1.3 109
dynamic characteristics ----------------------------- 5.4.3.2.3.1.2 109
specific use ..-------------------------------------- 5.4.3.2.3.1.) 109

Handbooks, referenced documents ------------------------ 2.1 3
Randheld sights, unstabxli-sed. unsupported -------------- 5.11.3.4.2 216
Handbolds and footholds -------------------------------- 5.12.6.0 230
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Handbolds, emergency evacuation ------------------------ 5.14.4.1.7 244--

Handholdg. ingress and egress -------------------------- 5.14.3.2 2421
Hand-carrying equipment, stairs & ramps ----------------- 5.7.7.1.2 156

Handle
dimensions, displacement & clearances, controls-----. 5.4.3.1.6.2 101

folding, cranks ------------------------------------ 5.4.2.2.4.4 86

grip, cranks -------------------------------------- 5.4.2.2.4.2 B6

positions, shift (vehicles) ------------------------- 5.12.4.4 227

spinner, handwbeels --------------------------------- 5.4.2.2.5.3 86

workspace design ---------------------------------- 5.7.1.2 145

Handles and grasp areas ------------------------------- 59.115 203
design ------------------------------------------- 59.11.5.1 203

dimensions --------------------------------------- 5.9.11.5.5 203

force requirements -------------------------------- 5.9,11.5.6 203

general ------------------------------------------ 5.9.11.5.1 203

$rasp surlace ---....--------------------------------- - 5.9.11.5.4 20
location ----------------------------------------- 5.9.1.5.2 203

material ----------------------------------------- 5.9.11.5.7 203
nonfixed ----------------------------------------- 5.9.11.5.3 203

Handling
design of equipment for remote ----------------------- 5.10 211

unit design for efficient --------------------------- 5.9.11 192

vehicles, material .... 5.12.8 229

Hand-operated push button ------------------------------ 5.4.3.1.1 88

Handrail#
platform, safety----------------------------------- 5.13.6.2 235

stairs, ladders & ramps ----------------------------- 5.7.7.1.3 154
Handsets. accessibility ------------------------------- 5.3.0.3 64w
Hands-free operation, comunnication equipment ----------- 5.3.9.2 64

Handware, compatibility with controls ------------------- 5.4.1.6 72

Handwheels (two-hand operated) ------------------------- 5.4.2.2.5 8

dimensions, resistance, displacement and separation -- 5.4.2.2.5.5 86
direction of movement ------ ------------ 5.4.2.2.5.4 86

power steering failure --------------------------- 5.4.2.2.5.7 98

spinner handles ------------------------------------ 5.4.2.2.5.3 86

steering ratio ------------------------------------ 5.4.2.2.5.8 88

steering wheel shape ------------------------------- 5.4.2.2.5.6 88

turning aid --------------------------------------- 5.4.2.2.5.2 86
use --------------------------------------------- 5.4.2.2.5.1 86

Hard copy, other requirements ------------------------- 5.15.10.2 277

Harnesses, safety (ejection systems) ------------------- 5.14.4.3.2 244

Hatches for normal exit/entrance, aerospace vehicles ---- 5.14.3.1 242
exit markings -------------------------------------- 5.14.3.1,1 242

Hatches, workspace design ------------------------------ 5.7.8.2 163

configuration ------------------------------------- 5.7.8.2.1 163

dimensions -- ----------------------------------- 5.7.8.2.3 183
force requirements --------------------------------- 5.7.8.2.2 163

Hazard
alarms ------------------------------------------- 5.135.1 235
area illumination, safety --------------------------- 5.13.4.5 234
electrical ---------------------------------------- 5.1.7.1 235
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fluid ------------------------------------------ ------ 5.13.7.3 236
interlocks ................. .- 5.13.5.1 235
mechanical ..- 5.13.7.2 236
radiation ---------------------------------------- 5.13.7.5 237
thermal contact ----------------------------------- 5.13.4.6 234
toxic ----------------------------------------------- 5.13.7.4 237

Hazards and safety ---------------------------------- 5.13 233
electrical, mechanical, fluid, radiation and toxic --- 5.13.7 235
general ------------------------------------------ 5.13.1 233
general equipment-related hazards ------------------- 5.13.5 235
general workspace hazards -------------------------- 5.13.4 233
pipe, hose and tube line identification -------------- 5.13.3 233
platforms ------------------------------------------- 5.13.6 235
nafety labels and placards -------------------------- 5.13.2 233

Hazardous
access ---------------------------------------------- 5.13.5.3 235
conditions, guarding ------------------------------ 5.9.9.5.1.5 190
locations. adjustment controls ---------------------- 5.9.3.6 185
noise, acoustical noise ----------------------------- 5.8.3.2 175
operations, control of (ground/shipboard vehicles) --- 5.12.3.4 227

Head- and foot-of file. text/program editing ------------ 5.15.3.7.15 203
Head dimensions -------------------------------------- 5.0.2 129
Head type, fasteners ---------------------------------- 5.9.10.5 191
Head-up displays ------------------------------- ------ 5.14.1.1.5 239

exit pupil -------------------------.---------------- 5.14.1.1.5.5 239
field of view --------------------------------------- 5.14.1.1.5.4 230
general --------------------------------------------- 5.14.1.1.5.1 239
legibility --------------------------------------- 5.141.1.5.3 239

symbol brightness.---------------------------------- 5.14.1.1.5.2 239
symbol line width ------------------------------------ 5.14.1.1.5.6 240

Headrests/bepowpads, optical instrumnts ------------- 5.11.3.14 219
Headset

audio warning signals ------------------------------- 5,3.4.2.4 58
speech reception ----------------------------------- 5.3.8.4 63

Heating and ventilation, ground/shipboard vehicles ------ 5.12.0.1 228
heating ----------------------------------------- 5.12.6.1 228
ventilation ----------------------------------------- 5.12.6.2 228
visibility .---------------------------------------- 5.12.6.3 220

Heating, ventilating and air conditioning, environment -- 5.6.1 167
air conditioning ----------------------------------- 5.8.1.3 107
beating -------------------------------------------- 5.81.1 17
humidity --------------------------....--------------- 5.8.1.4 167
limited thermal tolerance zones --------------------- 5.8.1,8 169
personal equipment thermal control ------------------ 5.8.1.6 16'?
temperature uniformity ------------------------------ 5.8.1.5 167
thermal tolerance and comfort zone ------------------ 5.8.1.7 169
ventilating -------------------------------------- 5.8.1,2 167

Height
aerospace seats ------------- ........--------------- 5.14.2.4.4 241
barrier, legend switches ---------------------------- 5.4.3.1.5.2 97
character, label ------------------------------- - 5.51515 124
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console -------------------------------------------- - 5.7 .6.2.,1 156

work surface .......................... 5.7.3.2 144
Help, definition ---------------------------------------- 3.34 11
Help, error management/data protection ------------------ 5.15.8.12 274

browling Help ---------------------------------------- 5.15.8.12.3 275

multilevel Help -------------------------------------- 5.15.8.12.2 274

standard action to request Help ---------------------- 515.8.12. 24

Hierarchic structure for long lisits. tabular data ------ 5.15.3.5.6.6 257
Hierarchical process, interactive control----------------5.15.4.1-7 265
High failure rate items, accessiblity ------------------- 5.9.4.6 185
High force application aids, pedals --------------------- 5.4.3.2.8.5 116
High-force controls ---------------------------------- 5.4.4 116

arm, hand, and thumb-finger controls ---------------- 5.4.4.2 116
foot controls ------------------------------------- 5.4.4.3 120
use ---------------------------------------------- 5.4.4.1 116

High torque fasteners ---------------------------------- 5.9.10.5.1 191
High voltage ----------------------------------------- 5.13.7.1.4 236
Highlighted option selection, feedback -----------------. 15.5.6 271
Highlighted text. text/program editing ----------------- 5.15.3.7.6 262
Highlighting, definition --------------------------- 3.35 12
Highlighting critical data, graphic displays ------------ 5.15.3.6.20 260
Hinged mounting ----------------------------------------- 5.9.12.9 205
Hinges and tongue-and-slot catches ------- ..... P ------ 5.9.10.2 191
Hinges, rollout racks or slides ..----------------------- 5.9.12.6 205
Histograms (step charts). graphic displays -------------- 5.15.3.6.30.2 261
Home position, cursors -------------------------------- 5.15.2.1.8.3 249
Horizontal 2

adjustment. aerospace seats ------------------------- 5.14.2.4.2 244
adjustmaent, vehicle seats -------------------------- 5.12.2,3 223
extension, tabular data ----------------------------- 5.15.3.5.5 257
push and pull forces ------------------------------. 9.11.4.1 194
scale ------------------------------------------- 5.2.3.2.4 42

Horizontal i vertical arrays, control/display integration 5.1.2,3.2 22
Hose line Identilficatlon, labels and placard ----------- 5.13.3 233
Hot weatber temperate zone. load items for -------------- 5.11.1 213
Human engineering design ------------------------------- 4.4 17

Human engineering design criteria, definition ----------- 3.36 12
Humidity. environment .-------------------------------- 5,8.1.4 167
Hydraulic-operated work platforms ---------------------- 5.7.7.7 159

1

Iconic menus, graphic interaction ---------------------- 5.15.4.8.2 271
Identification

cables (conductors) ---------------------------------- 5.9.13.8 206
connectors ------------------------------- 5.9.14.3 206
malfunction. design for maintainer ------------------ 5.9.1.5 183
pipe, hose and tube lines --------------------------- 5.13.3 233
protective items ---------------------------------- 5.13.24 23
user, data protection ------------------------------ S.15.8.13.6 275

I l luminance
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ambient, CRT displays -------------------------------- 5.2.4.6 45
environment ------------------------------------------ 5.8.2 169
external. thumbwheel --------------------------------- 5.4.2.1.3.5.2 79
internal. thumbwheel -------------------------------- 5.4.2.1.3.5.1 79

Illuminated sights and reticles ------------------------- 5.11.3,12 218
color ------------------------------------------------ 5.11.3.12.2 218
dimming ---------------------------------------------- 5.11.3.12.3 218
illumination level ----------------------------------- 5.11.3.12.4 218
night operations ------------------------------------- 5.11.3.12.1 218
reticle lines ---------------------------------------- 5.11.3.12.6 218
uniformity ------------------------------------------- 5.11.3.12.5 218

Illumination
control/display integration -------------------------- 5.1.1.5 21
counters --------------------------------------------- 5.2.6.2.5 47
display ------------------------------------------ 5.2.1.2.1 27
display and light distribution .----------------------5 .2.1.2 27
hazardous areas ----------------------------------- 5.13.4.5 234
placards --------------------------------------------- 5.13.4.5 234
printers ----------------------------------------- 5.2.6.3.4 48
requirements. specific tasks ------------------------ 5.8.2 169
rocker switches ----------------------------------- 5.4.3.1.6.6 9
safety ----------------------------------------------- 5.13.4.5 234
stairways ---------------------------------------- 5.13.4.5 234

Illuminatlon, remote handling equipment ---------------- 5.10.5 212
reflected light ------------------------------------- 5.10.5.1 212
threshold viewing -- ------------------------- 5.10.5.2 212

Image luainance, optical projection displays ------------ 5.2.6.6.3 51
Imediate action controls, coding ----------------------- 5.4.1.4.5.2 72
Impact, escape capsule -------------------------------- 5.14.4.3.0.3 245
Importance, date grouped by (display format) ------------ 5.15.3.1.4. 253
Importance, location and arrangement ------------------- 5.2.1.4.9 32
Inadvertant contact, push-pull controls ----------------- 5.4.3.1.0.5 101
Inadvertent operation, ganged control knobs ------------- 5.4.2.2.2.0 84
Inclinators ------------------------------------------- 5.7.7.7 159
Inclines avd stairs and ladders (aerospace vehicles) ---- 5.14.3.5 243

angle of incline ---------------------------------- 5.14.3.5.1 243
band and foot surface ------------------------------- 5.14.3.5.2 243

Incorporate existing files, data and message transmission 5.15.11.6 277
Indication

critical malfunction ------------------------------- 519.171.3 208
entry length, form filling ------------------------- 5.15.4,3.7 261
equipfent failure -- .---------------- --- 5.9.17.1 208
failure ---------------------------------------------- 5.9.17 208
fslee, transtlluminated displays --------------------- 5.2.2.1.11 34
maltuctiort. flags ----------------------------------- 5.2.6,5.5 49
out-of-tolerance ----------------------------------- 5.0.17.1.2 209
positive, push button ---------------- --------------- 5.4.3.1,1.3 GA
positive, rocker switch ----------------------------- 5.4.3.1.6.3 99
positive. 3lide switch controls ---------------------- 5.4.3.1.7.5 101
positive. togge switch controls --------------------- 5.4.3.1.4.4 94
positive, touch acteen controls ---------------------- 5.4.6.3 119
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power failure ---------------------------------------- 5.9.17.1.1 208
Indicators

contrast within, transilluminated displays 5.2.2.1.12 34
fixed pointe, moving scale ....... 5.2.3.3 44moving pointer, fixed Scale ------------------------- 5.2.3.2 41

scale ------------------------------------------------ 5.2.3 37
types of scale --------------------------------------- .2.3.1.1 39

Indicator covers ------------------------------------- 5.2.2.1,17 35
Indicator lights, simple -------------------------------- 5.2.2.3 36
Indirect viewing. remote handling equipment ------------- 5.10.4.4 212
Information

calibration, instruments -----------------------------. 2.3.1.9 41
content of displayed --------------------------------- 5.2.5.6 47
control of displayed --------------------------------- 5.2.5.5 46
definition ------------------------------------------- 3.37 12
density ---------------------------------------------- 5.15.3.2.2 254
diatnostic, error Ianagement ------------------------- 5.15.8.7 274
irrelevant, labels -------------------------------- 5.5.3.3 122
transilluminated displays --------------------------- 5.2.2.1.3 33
type of, scale indicators --------------------------- 5.2.3.1.3 39

Information, visual displays -------------------------- 5.2.1.3 28advisory and alerting ------------------------------ 5.2.1.3.11 28combining operator/maintainer, visual displays ------- 5.2.1.3.5 28

content ------------------------------------------ 5.2.1.3.1 28display circuit failure ---------------------------- 5.2.1.3.7 28
display failure clarity ---------------------------- 5.2.1.3.6 28
duration ----------------------------------------- 5.2.1.3.9 261
format------------------------------------------- 5.2.1.3.3 2
NBC contamination --------------------------------- 5.2.1.32 28
numeric digital displays ---------------------------- 5.2.1.3.13 29
precision ---------------------------------------- 5.2.1.3.2 28redundancy ---------------------------------------. 2.1.3.4 2
tteliness ------------------------------------------ 5.2.1.3.10 28
unrelated markings -------------------------------- 5.2,1.3.8 28

Informative and distinctive labels, tabular data -------- 5.15.3.5.9 258
Informative labels, torm filling ----------------------- 5.15.4.3.14 268
Ingress and egress, personnel (aerospace vehicles) ------ 5.14.3 242
Ingress and egress, workspace design --------------...... 5.7.8 163

configuratio ------------------------------------- 5.7.8.2.1 163
dimensions --------------------------------------- 5.7.8.2.3 163
doors ----------------------------------------------- 5.7.8.1 103
force requirements -------------------------------- 5.7.8.2.2 163
hatches ------------------------------------------ 5.7.8.2 163
whole-body access ---------------------------------- 5.7.8.3 163

Inhabited compartments, thermal tolerance --------------- 5.8.1.4 167
Input

confirmation, feedback ----------------------------- 5.15.5.4 271
units, data entry --------------------------------- 5.15.2.1.7 248
rejection, user----------------------------------- 5.15.5.7 271

Instructions
covers, opening ----------------------------------- 5.9.8.2 186
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operating, vehicle ----------------------------- ------ 5.12.4 227
test equipment --------------------------------------- 5.9.16.2 208

Instruction plates, winches ----------------------- ------ 5.12.9.4.1 231
Instrument location, aerospace vahicle design ----------- 5.14.1.2 240
Instruments, optical equipment ------------------------ 5.11.3 216
Insulation of tools, electrical hazards ----------------- 5.13.7.1.1 235
Integration, functional (data and message transmission) - 5.15.11.1 277
Intelligibility

criteria, speech ----------------------------------- 5.3.12.2 65
speech ------------------------------------------- 5.3.12 65
speech (definition) --------------------------------- 3.61 15

Intended use, MIL-STD-1472D --------------------------- 62 279
Intensity, audio wrning signals ----------------------- 5.3.3.2 57

compatibility with acoustical environment ------------ 5.3.3.2.1 57
compatibility with clothing and equipment ------------ 5.3.3.2.2 58
discomfort ------------------------------------------ 5.3.3.2.3 58

Intensity
control, dot matrix/segmented displays --------------- 5.2.6.8.8 53
control, LEDs ------------------------------------- 5.2.6.7.3 52
verbal warning signals ------------------------------ 5.3.5.2 60

Interaction
general requirements ------------------------------- 4.7 19
graphic ---------------------------------- -------- 5.15.4.8 271
user-computer interface ----------------------------- 5.15.1.8 247

Interactive control, user-computer interface ------------ 5.15.4 263
accidental actuation ------------------------------- 5.15.4.1.3 265
availability of information ----------------------- 5.15.4.1.5 265
compatibility with user skill ----------------------- 5.15.4.1.4 265
computer processing constraint --------------------- 5.15.4.1.12 265
concurrent display --------------------------------- 5.15.4.1.6 265
control input data display -------------------------- 5.15.4.1.15 206
data manipulation ---------------------------------- 5.15.4.1.11 265
dialogue type ----------------- ----------------- 5.15.4.1.9 265
feedback for correct input ---.----------------------. 15,4.1.13 265
feedback for erroneous input ------------------------ 5.15.4.1.14 265
genera: ------------------------------------------ 5.15.4.1 263
heirarohical process ..------------------------------- 5,15.4.1.7 265
interrupt to end keyboard lockout ------------------- 5.15.4.1.1.3 264
keyboard restoration ------------------------------ 5.15.4.1.1.2 264
number system ------------- :--------------------------- 5.15,41.10 265
originator identification --------------------------- 5.15.4.1.16 266
response time -------------------.----------------- 5.154.1.1 263
response time induced keyboard lockout --------------- 5.15.411.1 284
limplicity ------------------------------------------- 5.15.4.1.2 284
user memorization ------------------------------------ 5.15.4.1.8 265

Interlocks
general equipment-related hazards -------------------- 5,13.5.1 235
push button ----------------------------------------- 5.4.3.1.1,6 88
racks and drawers ------------------------------------- 5.0.12.8 205

Intermediate marks, scale markings --------------------- 5.2-.3.1,5.2 39
-9 Internal
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controls, prevention of accidental activation - 5.4.1.8.2 '7
illuminance, thumbwh*el controls --------------------- 5.4.2.1.3.5.1 7
software checks, error management -------------------- 5.15.8.3 273

Interrupt. data and message transmission ---------------- 5.15.11.4 277
Interrupt, definition ----------------------------------- 3.38 12
Interruption of view, physical ---------------------------5.2.5.4 46
Intervehicular connections ------------------------------ 5.12.7 229
Inversion, brightness (display coding) ------------------ 5.15.3.3.9 256
Irrelevant information, labels -------------------------- 5.5.3.3 122
Issues of documents ---------------------------------- 2.1 3
Isometric joystick -------------------------------------- 5.4.3.2.3 108

dimensions, resistance and clearance (finger operated) 5.4.3.2.3.2.3 109
dimensions, resistance and clearance (hand operated) - 5.4.3.2.3.1.3 109
dimensions, resistance and clearance (thumb operated) 5.4.3.2.3.3.3 111
dynamic characteristics (finger operated) ------------ 5.4.3.2.3.2.2 109
dynamic characteristics (hand operated) -------------- 5.4.3.2.3.1.2 109
dynamic characteristics (thumb operated) ------------- 5.4.3.2.3.3.2 111
finger operated ----------------------------------- 5.4.3.2.3.2 109
hand operated -------------------------------------- 5.4.3.2.3.1 109
thumbtip/fingertip operated ------------------------ 5.4.3.2.3.3 109
specific use (finger operated) ---------------------- 5.4.3.2.3.2.1 109
specific use (band operated) ------------------------ 5.4.3.2.3.1.1 109
specific use (thumb operated) --------------- r -------- 5.4.3.2.3.3.1 109

Items
delicate, mounting of ------------------------------- 5.9.2.3 184
high-failure-rate. accessibility --------------------- 5.9.4.0 18
large, accessibility -------------------------------- 5.9.4.2 ISU
mounting of, within units --------------------------- 5;9.2 18
multiline, marking ----------------------------------- 5.15.3.5,6.3 251
similar, mounting of -------------------------------- 5.9.2.2 184

J

Jamming doors, aerospace vehicles ---------------------- 5.14.3.4.1 243
Job aids, plotters ------------------------------------ 5.2.6.4.5 49
Joysticks

displacement (isotonic) ------------------------------ 5.4.3.2.2 105
isometric------------------------------------------ 5.4.3.2.3 108

Justification, keyboard (data entry) -------------------- 5.15.2.2.5 250
Justification of numeric entry ------------------------- 5.15.3.5.10 258

Key operated switches (KOS) ---------------------------- 5.4.2.1.2 75
color, shape and size coding ------------------------ 5.4.2.1.2.3 77
dimensions, displacement, and resistance ------------- 5.4.2.1.2.2 77
marking and labeling -------------------------------- 5.4.2.1.2.4 77
other requirements --------------------------------- 5.4.2.1.25 77
use .-------------------------------------------------- 5.4.2.1.2.1 75

Keyboard
cursor control------------------------------------ 5.15.2.1.8.6 249

336



INDEX
Paragraph Page

lockout, interrupt to end - 5.15.4.1.1.3 264
lockout. response time induced ----------------------- 5.15.4.1.1.1 264
restoration ------------------------------------------ 5.15.4.1.1.2 264

Keyboard, data entry ------------------------------------ 5.15.2.2 249
configuration ---------------------------------------- 5.15.2.2.2 250
data change ------------------------------------------ 5.15.2.2.9 250
justification ---------------------------------------- 5.15.2.2.5 250
length ----------------------------------------------- 5.15.2.2.4 250
minimization of keying ------------------------------- 5.15.2.2.7 250
minimization of shift keying ------------------------- 5.15.2.2.8 250
numeric keypads -------------------------------------- 5.15.2.2.6 250
timely display --------------------------------------- 5.15.2.2.3 250
use -------------------------------------------------- 5.15.2.2.1 250

Keyboards, linear controls ------------------------------ 5.4.3.1.3 92
alpha-numeric -------- -------------------------------- 5.4.31.3.2 92
dimensions, resistance, displacement and separation -- 5.4.3-1.3.3 92
feedback -------------------------------------------- 5.4.3.1.3.6 94
layout and configuration ---------------------------- 5.4.3.1.3.2 92
multiple --------------------------------------------- 5.4.3.1.3.5 94
numeric ---------------------------------------------- 5.4.3.1.3.2 92
slope ------------------------------------------------ 5.4.3.1.3.4 94
use -------------------------------------------------- 5.4.3.1.3.1 92

Keyed codes, menu selection -------------------- .--------515.4,2.11 267
Keying, connector ------------------------------------ 5.9.14.2 206
Keys

fixed function (dedicated) -------------------------- 5.15.2.3 250
fixed function, interactive control ------------------ 5.15.4,4 269
non-active --------------------------------------- r--- 5.15.2.3.5 250
variable function ----------------------------------- 5.15.2.4 251

Keyway4 and aligning pins, connector* ------------------- 5,9.14.5 206
Keystone effects, optical projection displays ----------- 5.2.6.6.5 51
Kick space, workspace design --------------------------- 5.7.1.1 145
Knee room, workspace design ---------------------------- 5,7.3.5 147
Knurling. turning aids (handwheels) -------------------- 5.4.2.2.5.2 86
Knob

adjustments ----------------------------------------- 5.9.3.1 184
coarse setting -------------------------------------- 5.1.4.3 25
fine setting ----.---------------------------------- 5.1.4.4 25
style ---------------------------------------------- 5,4.2.2.1.3 al

Knob/display relationship, ganged control knobs --------- 5,4.2,2.2.5 84
Knobs ------------------------------------- 5,4.2.2.1 81

dimensions, torque and separation ------------------- 5.4.22.1.2 81
style -------------------------------------------- 5.4.2.2.1.3 81
Us .-------------------------------------------------- 5,4.2.2.1.1 81

Knobs, ganged control --------------------------------- 5.4.2.2.2 81

L

Label
background --------------------------------------- 5.5.4.6 122
capital vs lower came ------------------------------ 5.5.5.4.1 123
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characteristics -------------------- 5.5.1.2 1211
control, lifting vehicles 5.12.8.2 2301
data group, data display ----------------------------- 5.15.3.1.10 253

distinctive and informative, tabular data ------------ 5.15.3.5.9 258

electrical --------------------------------------- 5.13.2.6 233
field. form filling -------------------------------- 5.15.4.3.5 268

function, fixed function keys ----------------------- 5.15.2.3.9 251
informative, form filling -------------------------- 5.15.4.3.14 268
life ---------------------------------------------- 5.5.4.5 122

prototype and production equipment ------------------ 5.5.1.3 121
size vs luminance ---------------------------------- 5.5.5.14 124
supplementary verbal ------------------------------- 5.15.4.8.3 271

Labeling ----------------------------------------------- 5.5 121
abbreviations ------------------------------------- 5.5.3.2 122
access ------------------------------------------- 5.5.4.4 122
access openangs and covers ------------------ ------- 5.9.9.3 187
application --------------------------------------- 5.5.1.1 121
brevity ------------------------------------------ 5.5.4.1 122
contents ----------------------------------------- 5.5.3 122
controls ----------------------------------------- .4.1.5 72
equipment ------------------------------------------ 5.5.6 124
equipment functions -------------------------------- 5.5.3.1 122
familiarity ----------------------------------------- 5.5.4.2 122
functional, controls and displays ------------------- 5.5.0.2.3 126
general ------------------------------------------- 5.5.1 121
irrelevant information ------------------------------ 5.5.3.3 122 i

key operated switches -------------------------------- 5.4.2.1.2.4
label characteristics --------------------------- 5.5.1.2 121
label background ----------------------------------- 5.5.4.6 122
label lifte ----------------------------------------- 5.5.4.5 122
levers ---------------------------------------------- 5.4.3.2.1.3 105
location ----------------------------------------- 5,5.2.2 121
lubrication -------------------------------------- 5.9.5.2 18O
movement relationships, control/display integration -- 5.1.3.10 24
orientation -------------------------------------- 5.5.2.1 121
orientation and location ---------------------------- 5.5.2 121
prototype and production equipment labels ------------ 5.5.1.3 121
qualitie ----------------------------------------- 5.5.4 122
standardization ----------------------------------- 55.2.3 121
thumbwheel controls -------------------------------- 5...4.2.2.3.5 84
torque, fasteners ---------------------------------- 5.9.10.8 192
units of measurement, tabular data ------------------. 513.5.11 258
vehicle operating instructions, general criteria ----- 5.12.4.6 227
visibility and legibility --------------------------- 5.5.4.3 122
weight --------------------------------------------.0.11.3.9 14

Labels and placards. safety --------------------------- 5.13.2 233
center-of-gravity and weight ------------------------ 5.13.2.2 233
electrical labels --------------------------------- 513.2.6 233

hand grasp areas ----------------------------------- 5.13.2.7 233
identification of protective items ------------------ 6.13.2.4 233
*MO STEP' markings --------------------------------- 5.13.2.5 233
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pipe, hose and tube line identification -------------- 5.13.3 233
warning placards -........................ 5.13.2.1 233
weight capacity - 5.13.2.3 233

Labels and titles, data display ----------------------- 5.15.3.1.9 253
command entry, prompts, messages at bottom ----------- 5.15.3.1.9.2 253
display titl -------------------------------------- 5.15.3.1.9.1 253

Lack of ambiguity, movement relationships --------------- 5.1.3.1 23
Ladders

aerospace vehicles --------------------------------- 5.14.3.5 243
fixed -------------------------------------------- 5.7.7.4 159
stairs ------------------------------------------- 5.7.7.3 156
telescoping, mechanical hazards --------------------- 5.13.7.2.2 238

Lag, time (movement relationships) --------------------- 5.1.2.3 22
Lamp

redundancy --------------------------------------- 5.2.2.1.13 34
removal, method ------------------------------------ 5.2.2.1.15 35
removal, safety ------------------------------------ 5.2.2.1.16 35
testing --------------------------------------------- 5.2.2.1.14 34
testing. LEDs -------------------------------------- 5.2.6.7.5 52

Landing gear lock, trailers --------------------------- 5.12.7.1.4 229
Language

command ------------------------------------------ 5.15.4.5 269
command, consistency with -------------------------- 5.15.4.2.9 267
query ----------------------------------------------- 5.15.4,7 270

Large items, accessibility ---------------------------- 5.9.4.2 185
Large scale retrieval, confirming (query language) ------ 5.15.4.7.6 271
Large screen displays --------------------------------- 5.2.5 46

avoidance ---------------------------------------- 5.2.5.2 46
content of displayed information --------------------- 5.2.5.5 47
control of displayed information --------------------- 5.2.5.5 46
physical interruption of view ----------------------- 5.2.5.4 46
use ..-- !.-------------------------------------------- 5.2.5.1 46
viewing distance - ------------------------------- 5.2.5.3 46

Large screen optical projection displays ---------------- 5.2.6.6 50
alignment ------------------------------------------ 5.2.6,6.4.4 51
contrast -------------------------------------------- 52.6.64.3 51
direction of contrast ------------------------------- 5.2.6.6.4.3.2 51
image luminance and light distribution --------------- 5.2.6,6.3 51
keystone effects ----------------------------------- 5.2,6.6.5 51
legibility of pro)ected data ------------------------ 5.2.60.4 51
luainance ratio -------------------- 5.2,6.4.3.1 51
seattfg area ----.---- , --------------- 5266.2 50
si2e . ------------------------------------------------ 5,2,6.6.4.2 51
style ----------------------------------------------- 5 26.6.4.1 51
use ........--------------------------------------------- S. ,2... i 50

Large, single pictorial graphic panels -------------------. 2.2.4.2 37
Large workspaces --------------------------------------.. 3.3.3 175
Latches, aerospace vehicles ---------------------------- 5.14.3,4.2 243
Latch-handle actuation. escape exits ---------------- -5.14.4.2.4 244
Latching mechanism, remote handling equipment ----------- 5.10.1.4 211
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L a t e r a l w o r k s p a c e ..............................- ----5 .7 1 .3 .2 1 4 r-
Lay-out, design lop maintainer -.... 5.9.12.10 20i
Layout and configuration. keyboards ........- 5.4.3.1.3.2 92
Layout for shared work space, aerospace vehicles ------ 5.14.2.2 240

effects of crew size --------------------------------- 5.14.2.2.3 240
effects of variable gravity ------------------------ 5.14.2.2.5 240
general ------------------------------------------ 5.14.2.2.1 240
location and arrangement of groups ---------------- 5.14.2.2.2 240
standing operations ------------------------------- 5.15.2.2.4 240

LED (light emitting diode) ---------------------------- 5.2.6.7 51
Left-to-right arrangement, control/display integration -- 5.1.2.3.1 22
Leg room, aerospace seats ------------------------------ 5.14.2.4.8 242
Leg strength ---------------------------------------- 5.4.4.3 120
Legend, flags --------------------------------------- 5.2.8.5.6 50
Legend lights, transilluminated displays ---------------- 5.2.2.2 36

coior coding --------------------------------------- 5.2.2.2.2 36
lettering ---------------------------------------- 5.2.2.2.4 38multi-function legends ----------------------------- 5.2.2.2.6 38
positive vs negative legend ------------------------- 5.2.2.2.3 36

------------------------------- 5.2.2.2.1 36visibility and legibility -------------------------- 5.2.2.2.5 36
Legend switches -------------------------------------- 5.4.3.1.5 97

barrier height ------------------------------------- 5.4.3.1.5.2 97
dimenuion, resistance, displacement, and separation - 5.4.3.1.5,1 97
other requirements --------------------------------- 5.4.3.1.5,3 97

Legends, capital vs lower case ------------------------- 5.5.5.4 123
Legibility

head-up displays ---------------------------------- 5.14.11.5.3 231
label ------------------------------------------- 5.5.4.3 122
legend lights ---------------------------------------- 5.2.2.2.5 36
printers --------------------------------------------- 5.2.0.3.7 48projected data----------------------------------- 5.2.0.8.4 51

Length
conductors-----------------------"------------- 5.9.13.3 206
indication, entry (form filling ) -------------------- 5,15.4.37 28
keyboard, data entry ------------ .......--------- 5.15.2.2.4 250
pointers --------------------------------------- 5.2.3.1.7.1 38

Letter width, labels--------------------------------- 5.5.55 123
Lettering

legend lights ------------------------------------- 6.2.2.2.4 36
viewing equipmen .--------------------------------- 5104.6 212Level, Illumination (illuminated sights) ---------------- 5,11.3.12.4 218Level, vibration

comfort --------------------------------- ---------5.8.4.1.1.3 177proficiency --------------------------------------- 5..4.1.1.2 177
safety ------------------------------------------- 5.8.41.1 177

Levers ---------.----------------- 54321
coding ---------------------------------------- --- 5.4.3.2.1.2 105
coarse setting ------------------------------------- 51.4.0 25
dimensions --------------------------------------- 5.4.3.2.1.5 05
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displacement, and separation .............. 5.4.3.2.1.7 105
labeling 5.4.3.2.1.3 105
limb support ----------------------------------------- 5.4.3.2.1.4 105
resistance ................ 5.4.3.2.1.6 105
two-dimensional setting -........... 5.1.4.7 25
use s................................................. 5.4.3.2.1.1 105

Lifting
frequency .............................. 5.9.11.3.2 193
limits ....................... 5.9.11.3.1 192

Lifting aids
man-transportability ------------------------------- 5.11.1.2.3 215
small equipment ------------------------------------- 5.11.1.1.2 213

Lifts. fork (visibility) ------------------------------ 5.12.5.9 228
Light

flashing -------------------------------------------- 5.2.2.1.19 35
legend -------------------------------------------. 2.2.2 36
master caution, definition ------------.------------- 3.43 13
pen, data entry ---------------------------- -------- 5.15.2.5 251
pen, linear controls -------------------------------- 5.4.3.2.7 114
simple indicator ------------------------------------ 5,2.2.3 36

Light distribution
multiple displays ---------------------------------- 5.2.1.2.2 27
optical projection displays ------------------------- 5.2.6.6.3 51
visual displays ----------------------------------- 5.2.1.2 27

Light emitting diodes, LEDs ---------.------------------ 5.2.6.7 51
color coding .-------------------------------------- 5.2.6.7.4 52
general -------.----------------------------------- 5.2.6.7.1 51
intensity control ------------------------------------ 5.2.8.7.3 52
lamp testing ---------------------------------------- 5.2.6.7.5 52
use ------------------------------------------------ 5.2.6.7.2 52

Light filters --------------------------------------- 5.11.3.15.1 219
general ----------------------------- . 11.3.1.1. 219
use ------------------------------------------------- 5.11.3.15.1.2 219

Light pen, linear controls ----------------------------- 5.4.3.2.7 114
dimensions and mounting ----------------------------- 5.4.3.2.7.3 114
dynamic characteristics ------------------------- 5.4.3.2.7.2 114
us ---------------------------------------------- 5.4.3.2.7.1 114

Lighting
ambient and color-coding exclusion ------------------ 5.4.1.4.5.5 72
display recommendations ----------------------------- 5.8.2 109
emergency, escape ewits ----------------------------- 5.14.4.2.1 244
optical instruments --------------------------------- 5.11.3.17 221

Ligbtpen, data entry (user-computer interface) ---------- 5.15.2.5 251
actuation ------------------------------------------- 5.15.2.5.3 251
dimensions and mounting ----------------------------- 5.15.2.5,2 251
feedback ----------------------------------------- 5.15.2.5.4 252
us ..------------------------------------ 5.15.2.5.1 251

Limb support
ball control -------------------------------------- 5.4.3.2.4.3 111
levers ----------------------------------------------- 5.4.3.2.1.4 105
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Limit stops, racks and drawers - 5.9.12.7 205
Limitations, anthropometric data 5.6.3.1 14 4
Limited thermal tolerance zones - 5.8.1.8 16
Limiting dimensions, anthropometric data - 5.6.3.3 143
Limits

adjustment controls ...............- 5.9.3.4 184
carrying, weight ....................... 5.9.11.3.5 194
lifting, weight -........................... 5.9.11.3.1 192

Line break, automatic (text/program editing) ------------- 5.15.3.7.8 262
Line of sight ------------------------------------------- 5.2.1.4.3 29
Linear controls ---------------------------------------- 5.4.3 88
Linear scales

fixed pointer -------------------------------------- 5.1.3.6 24
moving pointer ------------------------------------ 5.1.3.4 24
scale indicators ------------------------------------- 5.2.3.1.4 39

Lines
drawing, graphic displays --------------------------- 5.15.3.6.17 260"
fixed reference, circular scales -------------------- 5.2.3.3.3 44
reticle, illuminated sights ------------------------ 5.11.3.12.6 218
spacing, !&bels ------------------------------------ 5.5.5.13 124
thickness, reticles -------------------------------- 5.11.3.11.1 218
trend, graphic displays ----------------------------. 15.3.6.5 258
width, symbol (head-up display) --------------------- 5.14.1...6 240

Linkage, direct (movement relationships) ---------------- 5.1.3.? 24
Lists, tabular data ----------------------------------- 5.15.3.5.6 257

arabic numerals --------------------------------------- 5.15.3.5.0.4 257
hierarchic structure for long lists ------------------ 5.15.3.5,6.6 2 5
lilt lines -----------------------------------------. 15,35.6.1 25
marking multiline items in a list -------------------- 5.15.3.5.0.3 257
vertical extension ----------------------------------- 5.15.3.5.6.2 257
vertical ordering in multiple columns ---------------- 5.15.3.5.6.5 257

Listner to speaker distance (versus noise level) ------ 5..3.3 175
Load

carrying and portability ----------------------------. 5,11.1 213
carrying, man-transportability ---------------------- 5.11.1.2.2 215
capacity, lifting vehicle --------------------------- 5.12.8.5 230
distribution of work, controls ----------------- - 5.4.1.1.1 07
fighting and existence ------------------------------ 5.11.1 213
minimal mmory, on users ---------------------------- 5.15.11.3 277
size. weight -------------------------------------- 5.9.11.3.3 193

Location
control, winches ----------------------------------- 5.12.9,4.4 231
controls and displays labels ------------------------ 5.5.6.2.4 126
critical functions, transilluminated displays -------- 5.2.2.1,7 33
displayed, command language ----------------------- 5.15.4.5.7 269
equipment labeling -------------------------------- 5.5.6.1.2 124
handles and grasp areas ---------------------------- 5 5.9.11.5.2 203
hazardous, adjustment controls ---------------------- 5.9.3.6 185
instrument, aerospace vehicle ----------------------- 5 .14.1.2 240
labels ---------------------------------------------- 5.5.2.2 121
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pedals 5.4.3.2.8.2 114
transilluminated displays --------------------------- 5.2.2.1.6 33

visual displays ----------------------------------- 5.2.1.4.1 29

Location and arrangement. control/display integration --- 5.1.2.2 22

Location and arrangement, visual displays --------------- 5.2.1.4 29
access ------------------------------------------- 5.2.1.4.2 29
aircrew station signals ---------------------------- 5.2.1.4.13 32

consistency -------------------------------------- 5.2.1.4.10 32
frequency of use ---------------------------------- 5.2.1.4.8 29

function and sequence ------------------------------ 5.2.1.4.7 29

grouping ----------------------------------------- 5.2.1.4.6 29

importance --------------------------------------- 5.2.1.4.9 32

location ----------------------------------------- 5.2.1.4.1 29

maximum viewing distance ---------------------------- 5.2.1.4.11 32
minimum viewing distance --------------------------- 5.2.1.4.12 32

orientation ----------------------------------------- 5,2.1.4.3 29

reflection --------------------------------------- 5.2.1.4.4 29
vibration - .... 5.2.1,4.5 29

Location and arrangement of groups. shared work space --- 5.14.2.2.2 240

Location and design, prevention of accidental activation 5.4.1.8.1 72

Location-coding ---------------------------------------- 5.4.1.4.2 71

Location of primary controls --------------------------- 5.4.1.3.3 68

Location of red alphanumeric LEDs/segmented displays ---- 5.2.6.8.10 53

Lock
landing gear -------------------------------------- 5.12.7.1.4 229
platform, safety ---------------------------------- 5.13.6.1 235

positive, boresighting ------------------------------ 5.11.3.18.7.1 222

Look and latching mechanisms, remote handling equipment - 5.10.1.4 211

Lock-unlock resistance, boresighting ------------------- 5.11.3.16.7.2 222

Locking control, vehicle controls ---------------------- 5.12.3.4 227

Log-off procedures -------------------------------------. 15.1 247

Log-on procedures ------------------------------------ 5.151.5 247
automatic display ---------------------------------- 5.15.1.5.1 247
dela --------------------------------------------- 5.15.1.5.3 247
feedback ----------------------------------------- 5.15.1.5.2 247

Logic to link queries ---------------------------------- 5.15.4.7.5 271

Logical order, form filling ---------------------------- 5,15.4.3.15 268
Loudspeakers for multi-channel monitoring --------------- 5.3.8.2 63

filtering ---------------------------------------- 5.3.8.2.2 63
monitoring of speakers ------------------------------ 5.3.8.2.1 83

Low light levels, exit pupil --------------------------- 5.11.3.7.3 217
Low torque faoteners ------------------------.......... 5.9.10.5.2 191

Lubrication -------------------------------------------- 5.9.5 185
general -------------------------------------------5..5.1 15
labeling----------------------------------------- 5.9.5.2 186

Luminance
contrast, definition -------------------------------- 3.30 12
contrast, scale indicators ------------------------- 5.2.3.1.8 41
control, transllluminated displays ------------------- 5.2.2.110 34
image, optical projection displays ------------------ 5.2.6.6.3 51
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range of adjacent surfaces. CRT --------------------- 5.2.4.5 4

ratio, definition ---------------------------------- 3.40 124

ratio, projected data ------------------------------ 5.2.6.6.4.3.1 51

screen, CRT -------------------------------------- 5.2.4.3 45

transilluminated displays------------------------- 5.2.2.1.9 34

transmission, touch screen displays ----------------- 5.4.6.2 119

vs label size ------------------------------------- 5.5.5.14 124

Luminous transmission differences, binocular/biocular --- 5.11.3.13.4 210

Luminous transmission, optical quality ----------------- 5.11.3.10.2 218

M

Macro, definition -------------------------------------- 3.41 12

Macro commands, user definition of (command language) --- 5.15.4.5.10 269

Magnification, optical equipment ----------------------- 5,11.3.4 216

general ------------------------------------------ 5.11.3.4.1 216

multiple magnification requirements ----------------- 5.11.3.4.3 217

unstabilized, unsupported handheld sights ------------ 5.11.3.4.2 216

Magnification differences, binocular ------------------ 5.11.3.13.3 219

Maintainability, design for (definition) --------------- 3.42 12

Maintainer, design fo -------------------------------- 5. 183

Maintainer/operator information, combining -----...----- 5.2.1.3.5 28

Maintenance, optical equipment ------------------------- 5.11.3.18 221'

adJustment operation. boresightin ------------------ 5.11.3.16.7.3 222

boresigbting ---------------------------------------- 5.11.3.18.7 22

collimation ---------------------------------------- 5.11.3.18.4 22=

component replacemnt -- ---------------------------- 511.3.18.6 222

lock-unlock resistance, boresighting ----------------- 5.11%3.18.7.2 222

modular design ------------------------------------ 5,11.3.18.1 221

posJtionind aids ----------------------------------- 5.11.3.18.2 221

positive looks, boresigbting ------------------------ 5.11.3.18.7.1 221

purging and charging --------------------------- 5,11.3.18.5 221

quick release ---------------------------------------- 5.11.3.18.3 221

Kaintenance and adjustment, controls -------------------- 5.4.1.3.0 08

Maintenance displays. transilluminated displays --------- 5.2.2.1.8 34

Maintenance vehicles ---------------------------------- 5.12 223

Major mwks, numerals (scale markings) ------------------ 5.2.3.1.6.1 39

Malfunction
critical Uailuro indications) ---------------------- 5..17.1.3 208

identification ------------------------------------ 5.9.1.5 183

indication, flags ------------------------------- 5.2.6.5.5 49

Manipulation, data (interactive control) ----------------. 15.4.1.11 265

Manipulators, remote handling equipment ----------------- 510.3 211

characteristics ------------------------------------ 5.10.3.2 21)

power aust .----------------.------------------------ 5.10.3.3 211
safety ----------------- --------------------------- 5,103.1 211

Manual shutoff, audio signals ------------------------- 5.3,6.1 61

Manual volume control, audio warning signa ------------- 6.3.6 .3.1 61

Man-transportability ----------------------------------- 5.11.1 213
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Manufacturing tolerances -------------------------------- 1.5 2
Markers close to words marked, display coding ----------- 5.15.3.3.6.2 256
Marking

exit, ingress and egress ..... 5.14.3.1.1 242
functional group, control/display integration -------- 5.1.2.1.1.3 22
fuses, and circuit breakers -------------------------- 5.9.17.2.3 208
ganged control knobs ------------------------------- 5.4.2.2.2.4 81
scale -------------------------------------------- 5.2.3.1.5 39
unrelated ------------------------------------------- 5.2.1.3.8 28

Marking and color coding, test points ------------------ 5.9.15.3 208
Marking and labeling, key operated switches ------------- 5.4.2.1.2.4 77
Marking multiline items in a list, tabular displays ----- 5.15.3.5.6.3 257
Marks

intermediate, scale --------------------------------- 5.2.3.1.5.2 30
maJor, numerals ----------------------------------- 5.2.3.1.6.1 39

Masking, audio signals -------------------------------- 5.3.4.5 60
other critical channels ----------------------------- 5.3.4.5.1 60
separate channels ----------------------------------- 5.3.4.5.2 60

Master caution (warning) signal, definition ------------- 3.43 13
Matched oculars, binoculars/oculars -------------------- 5.11.3.13.5 219
Materials, attenuation (facilities) -------------------- 5.8.3.4.2 177
Materials handling vehicles ---------------------------- 5.12.8 229
Maximum viewing distance, visual displays ............. 5.2 1.4.11 32
May, definition ---------------------------------------- Forward ii
Measuremnt, labeling units of (tabular data) ----------- 5.15.3.5.11 258
Measures, automated security (data protection) ---------- 5.15.8.13.1 275
Mechanical hazards/safety -----------.----------------- 5.13.7.2 236

guard* ---------------------------------------------- 5.13.7.2.1 236
telescoping ladders ------------------------------- 5.13.7,2.2 236

Mechanisms, lock and latching (remote handling equipment) 5.10.1.4 211
Memorization. user (interactive control) ---------------- 5.15.4.1.8 205
Menu Selection. definition ----------------------.aaaaa 3.44 13
Menu selection, interactive control ------------------- 5.15.4.2 206

active option presentation -------------------------- 5.15.4.2,3 260
back *Anu ------------------------------------------ 5.154.213 267
consistency with comand language ------------------- 5.15.4C2,9 267
devices --------------------------------------------- 5.15.4.2.2.1 206
direct function call -------------------------------- 5.15.4.2.8 267
format consistency ----------------------------------. 15.4.2.4 268
keyed codes --------------------------------------- 5.154.2.11 267
option coding-------------------------------------- 5.15.4.2,10 2671
option presentation -------------------------------- 5.15.4.2.7 267
option sequence ----------------------------------- 5.15.4.2.5 267
position in structupe ----------------------------- 5.15.4.2.12 267
return to top level --------------------------------- 5.15.4.2.14 287
selection ------------------------------------------- 5.15.4.2.2 206
series entry ---------------------------------------- 5.15.4.2.2.3 266
sequences ------------------------------------------- 5.15.4.2.2.4 266
simple nus -------------------------------------- 5.15.4.2.0 207
titles -------------------------------.....--------- 5.15.4.2.2.2 206
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use ................................... 5.15.4.2.1 2661@
Menus, iconic, graphic interaction 5.15.4.8.2 271
Mesh. platform safety -------------------------------- 5.13.6.3 235
Message categories, verbal warning signals -------------- 5.3.5.6 61

critical warning signals --------------------------- 5.3.5.6.1 61

message priorities -------------------------------- 5.3.5.6.2 61

Message content
error -------------------------------------------- 5.15.8.5 274

feedback ----------------------------------------- 5.15.5.8 272
-verbal-warning signals ---------- ------------------- 5.3.5.5 61

Message forms, stored -------------------------------- 5.15.11.5 277
Message and data transmission -------------------------- 5.15.11 277
Messages at bottom, command ent.,ry & prompts, data display 5.15.3.1.9.2 253
Method of data entry, single --------------------------- 5.15.2.1.12 249
Methods and requirements, coding ----------------------- 5.4.1.4.1 68
Methods, prevention of accidental actuation ------------- 5.4.1.Q.4 72
Metric equivalents, abbreviations, and prefixes --------- 3.45 13
Metric system equivalents ------------------------------ Foreward ii
Microphone. noise-cancelling --------------------------- 5.3.7.3 69

definition --------------------------------------- 3.46 13
Minimal memory load on users --------------------------- 5.15.11.3 277
Minimization o keying, data entry --------------------- 5.15.2.2.7 250
Minimization of shift keying, data entry ....... -------- 5.15.2.2.8 250
Minimization of time, control display movement ratio ---- 5.1.4.1 24
Minimum viewing distance, visual displays --------------- 5.2.1.4.12 32
Miniture controls -------------------------------------- 5.4.5 120

dimensions. resistance. displacement and separation -- 5.4,5.2 120
other requirements --------------------------------- 5.4.5.3 120W
us* ------------------------.----------------- 5.4.5.1 120

Mixed traffic, ramps ----------------------------------- 5.7.7.5.2 159
Mode switches. ganged -------------------------------- 5.3.64.2 61
Modes, current (graphic Interaction) ------------------- 5,15.5.9 271
Modular design. optical equipment ---------------------- 5.11.3.18.1 222
Modular replaceent, design for maintainer ..----------- 5.9.1.3 183
Module connector#

drawer ---------------------------------------------- 5.9.14.10 207
electronic ----------------------------------------- 5.9.14.11 207

Monitoring of speakers, multi-channel ------------------ 5.3.8.2.1 63
Motion, direction of control (push-pull controls) ------- 5.4.3.1.8.0 104
Motion sickness ----------------------........... .----- 5.8,4-1.1.4 177
Mounting

case and cover -------------------------------------- 5.g.6 186
counter --------------------------------------------- 5.2.6.2.2 47
flags .-----------.--------------------------------- 5.2,6.5.2 49
grid-and-stylus devices ----------------------------- 5,4.3.2.5.3 113
light pen, continuous adjustment linear controls ----- 5.4.3.2.7.3 114
lightpen. user-computer interface ------------- -5.15.2.5.2 251
pointers -------------------------------------------- 5.2.3.1.7.3 41

Mounting of items within units ------------------------- 5.0.2 184
delicate item .------------------------------------- 5.9.2.3 184
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similar items 5.9.2.2 184
stacking avoidance 5.9.2.1 184

Mounting, design for maintainer 5.9.12 203
alignment - 5.9.12.4 205
coding ------------------------------------------- 5.9.12.5 205
covers or panels ---------------------------------- 5.9.12.11 205
general ---------------------------------------------- 5.9.12.1 203
hinged mounting ----------------------------------- 5.9.12.9 205
interlocks --------------------------------------- 5.9.12.8 205
lay-out --------------------------------------------- 5.9.12.10 205
limit stopS --------------------------------------- 5.9.12.7 205
reoval ------------------------------------------ 5.9.12.3 203
rollout racks.slides or hinges --------------------- 5.9.12.6 205
tools -------------------------------------------- 5.9.12.2 203

Mouse (free-moving XY controller) ---------------------- 5.4.3.2.6 113
Movable articles, emergency evacuation ----------------- 5.14.4.1.4 243
Movement

counters -------------------------------------------- 5.2.6.2.4 47
consistency of, controls ---------------------------- 5.4.1.2.1 67
control. vehicle operating instructions -------------- 5.12.4.5 227
direction, movement relationships ------------------- 5.1.3.11 24
direction of, controls ------------------------------ 5.4.1.2 07
direction of, curved, horizontal & vertcal scales --- 5.2.3.2.4.2 42
direction of. fixed scale pointers --------------- 5.2.3.2.3.2 41
direction of, handwheels --------------------------- 5.4.2.2.5.4 86
direction of. thumbwheel, discrete ------------------ 5.4.2.1.3.4 79
parallel. movement relationships --------------------- 5.1.3.9 24
pointer. curved. horizontal & vertical scales -------- 5.2.3.2.4.1 42
pointer, fixed scale ---------------------- 5.2.3.2.3.1 41
range of display, control display movement ratio ----- 5.1.4.2 25
ratio. control display ------------------------------ 5.1.4 24

Movement, and orientation (thuxbwheel. continuous) ------ 5.4.2.2.3.2 84
Movement relationships, control/display integration ----- 5.1.3 23

cornon plane ------------------------------ ----------- 5.1.3.B 24
direct linkage -------------------------------------- 5.1.3.7 24
fixed pointer circular scale ------------------------ 5.1.3.5 24
fixed pointer linear scale -------------------------- 5.1.3.6 24
labeling ----------------------------------------- 5.1.3.10 24
lack of anbigtjity .... ----------- 5. 3 23
movement direction ------------- --------.. .11 24
moving pointer circular scle ----------.------------ 5.1.3.3 23
moving pointer linear scales ------------------------ 5.1.3.4 24
parallel movement ---------------------------------- 5.1.3.9 24
time la ------------.----------- .------------------ 5.1.3.2 23

Movement re1tionships. cursors ---------------------- 5.15.2.1.8.? 249
WOvi~g pointer

circular scales. *6vement relationships -------------- 5.1.3.3 23
rotary switche - ---- --------------- 5.4.2.1,1.2 i5

Moving pointer, fixed scale indicatov8 -------------- 5.2.3.2 41
circular scales ----------------------------------- 5.2.3.2.3 41
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curved, horizontal & vertical straight scales -------- 5.2.3.2.4 42
number of pointers 5.2.3.2.3.4 424
numerical progression 5.2.3.2.1 41
orientation 5.2.3.2.2 41
placement of numerals ------ 5.2.3.2.4.4 42
placement of pointers ------------------------------ 5.2.3.2.4.3 42
pointer alignment

circular scales -------------------------------- 5.2.3.2.3.5 42
curved, horizontal & vertical straight scales 5.2.3.2.4.5 42

relative position of scale marks and numbers --------- 5.2.3.2.3.6 42
scale break -------------------------------------- 5.2.3.2.3.3 42
scale reading and pointer movement

circular scales ------------------------------ 5.2.3.2.3.1 41
curved, horizontal & vertical straight scales --- 5.2.3.2.4.1 42

zero position and direction of movement
circular scales -------------- ------------------- 5.2.3.2.3.2 41
curved, horizontal & vertical straight scales --- 5.2.3:2.4.2 42

Moving-scale. fixed pointer indicators ----------------- 5.2.3.3 44
alignment of pointer or fixed reference line --------- 5.2.3.3.3 44
composite scalar/pictorial displays ----------------- 5.2.3.3.7 44
moving tape displays ------------------------------ 5.2.3.3.6 44
numerical progression ----------------------------- 5.2.3.3.1 44
orientation ----------------------------------------- 5.2.3.3.2 44
setting ----------------------------------- -------- 5.2.3.3.4 44
tracking ----------------------------------------- 5.2.3.3.5 44

Moving tape displays -----------------------------------...2.3.3,6 44
Multi-channel monitoring, loudspeakers ----------------- 5.3.8.2 6
Multi-function legends, legend lights ------------------ 5.2.2.2.6 364
Multidimensional operation, controls ------------------- 5.4.1.2.2 67
Multilayered windows, aerospace vahicls .---------------- 5.14.1.1.2 239
Multilevel HELP ----------------- --------------------- 5.15.8.12.2 274
Multiple

columns, vertical ordering in (tabular data) -------- 5.15.3.5.6.5 257
displays, control/display integration ---------------- 5.1.2.3,4 23
keyboards ---------------------------------------- 5.4.3.1.3.5 94
signals, audio (discriminabillity) ------------------- 5.3.4.3.1 58

Multlrotation controls -------------------------------- 5.4.1.1.3 67

N

Natural organization of data, query language ------------ 5.15.4.7.2 270
Nature of signals, audio warnings ---------------------- 5.3.2.2 57

two element signals -------------------------------- 5.3.2.2.1 57
single element signals ------------------------------ 5,3,2.1.2 57

Nature of signals, verbal warning signals --------------- 5.3.5.1 60
Navy surface colors ---------------------------------- 5.7..2 163
NBC contamination, visual display information ----------- 5.2.1.3.12 29
Negative vs positive legend, legend lights -------------- 5.2.2.2.3 36
Night operation

reticles -------------------------------------------- 5.11.3 12.1 218
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vehicle visibility ------------------------------------ 5.12.5.1 227

Night vision device compatibility, display illumination - 5.2.1.2.1.2 27

Noise, acous 'cal --------------------------------------- 5.8.3 175

attenuation by materials and layout ------------------ 5.8.3.4.2 177

extreme quite areas -------------------------------- 5.8.3.3.5 175

facility design -------------------------------------- 5.8.3.4 177

general ---------------------------------------------- 5.8.3.1 175
general provisions ----------------------------------- 5.8.3.4.1 177

general workspace ------------------------------------ 5.8.3.3.1 175

hazardous -------------------------------------------- 5.8.3.2 175
large workspaces ------------------------------------- 5.8.3.3.3 175
non-hazardous ---------------------------------------- 5.8.3.3 175
operational area ------------------------------------- 5.8.3.3.2 175
reduction of reverberation time ---------------------- 5.8.3.4.3 177
shipboard areas ------------------------------------- 5.8.3.3.6 175
small offices/special areas -------------------------- 5.8.3.3.4 175

Noise cancelling microphone
definition ------------------------------------------- 3.46 13
speech transmission equipment ------------------------ 5.3.7.3 62

Noise shields, speech transmission equipment ------------ 5.3.7.6 62
*NO-STEP" markings -------------------------------------- 5.13.2.5 233
Non-active keys, fixed function keys ---------- ---------- 5.15.2.3.5 250
Non-entry areas, form filling ---------------------------- 5.15.4.3.12 268
Monfixed handles ---------------------------------------- 5.9.11.5.3 203
Non-Slip pedal surface ---------------------------------- 5.4.3.2.8.6 116
Normal

exit and entrance. hatches for ----------------------- 5.14.3,1 242
orientation for labels, graphic displays ------------- 5.15.3.6.23 260
stroke width, labels ------------------------------- 5.5.5.8 123

Notice, speed (operating instructions) ------------------ 5.12-.4.3 227
Nuclear, biological, chemical (NBC) survivability

definition ------------------------------------------- 3,47 14
Null position, pedals ----------------------------------- 5,4.3.2.8.3 116
Number of pointers, circular scales --------------------- 5.2.3.2.3,4 42
Number of turns, fasteners ------------------------------ 5.9.10.7 192
Number system. interactive control ---------------------- 5.15.4.1.10 265
Numeral

proportions. counters ------------------------------- 5.2.6.2.3 47
width, labels ------------------------------------- 5.5.5.6 123

Numerals
arabic, tabular data ------------------------------ 5.15 3.5,6.4 257
placement on circular scales ------------------------- 5.2.3.2.3.6 42
placement on curved, horizontal & vertical scales .--. 5.2.3.2.4.4 42
spacing between, counters ---------------------------- 5.2.6.2.3 47

Numerals, scale indicators ------------------------------ 5.2.3.1.6 39
major ma-ks ------------------------------------------ 5.2.3.1.6.1 39
starting point --------------------------------------- 5.2.3.1.6.2 39

Numerals, thumbwheel ------------------------------------ 5.4.2.1.3.5 79
external illuminance --------------------------------- 5.4.2.1.3.5.2 79
internal illuminance--------------------------------- 5.4.2.1.3.5.1 70
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Numeric
digital dispiays ................... .- 5.2.1.3.13 V
entry, justification of (tabular data) --------------- 5.15.3.5.10 251
keyboard ----------------------------------------- 5.4.3.1.3.2 g"
keypads, data entry -------------------------------- 5.15.2.2.6 25(
punctuation, tabular data -------------------------- 5.15.3.5.7 251

Numerical progression
fixed scale indicators ------------------------------- 5.2.3.2.1 41
moving scale indicators ------------------------------ 5.2.3.3.1 44

0

Object carry size, weight ----------------------------- 5.9.11.3.7 194
Objectives

coding ---------------------------------------------- 5.2.1.5.1 31
general requirements ------------------------------- 4.1 11

Obscuration, transilluminated displays ----------------- 5.2.2.1.11 34
Obstacles, weight --------------------------------------- 5.9.11.3.4 19;
Obstructions, hazards/safety -------------------------- 5.13.4.4 234
Oculars, matched (binoculars) - --------------- 5.1'.3.13.5 21C
OFF position, continuous adjustment thumbiheel controls - 5.4.2.2.3.6 84
Omissions, user (form filling) -------------------------- 5.15.4.3.11 26f
On-line guidance, user-computer interface ---------------- 5.15.1.3 241
Onset and sound pressure level, alerting capability ----- 5.3.4.2.2 5(
Openings

access, design for maintainer ------------------------ 5.9.9 1
covers, physical uccess ------------------------------ 5.9.9.5.1.1 11
escape, aerospac. vehicles ------------------------- 5.14.4.2.2 244
type of, physical access ----------------------------- 5.9.9.5.1 6 19C

Operating controls for voice communication equipment ---- 5,3.10 64
foot-operated controls ---------------------------- 5.3.10.3 64
squelch control ------------------------------------ 5.3.10.2 64
volume controls ------------------------------------ 5.3.10.1 64

Operating instructions, ground/shipboard vehicles ------- 5.12.4 221
control movements ---------------------------------- 5.12,4.5 221
format ---------------------------------------------- 5.12.4.2 221
general labeling criteria --------------------------- 5,12.4.6 221
provision of operting instruction ------------------ 5.12.4.1 221
shift handle position ------------------------------- 5.12.4.4 22"
speed notice --------------------------------------- 5.12.4.3 221

Operation

blind, controls ------------------------------------- -5.4.1.7 7$
ease of, escape exits ------------------------------- 5.14.4.2.3 244
foot-operated controls ------------------------------- 5.4.1.8.6.3 74
foot-operated switches ------------------------------ 5.4.3.1.2.2 Z
inadvertent, ganged control knobs -------------------- 5.4.2.2.2.6 84
night, vehicle indicators ---------------------------- 5.12.5.1 221
rapid, prevention of accidental actuation ----------- 5.4.1.8.3 ?
winches ---------------------------------------------- 5.12.9.4.2 231

Operational
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areas, acoustical noise ----------------------------- 5.8.3.3.2 175
conditions, audio signals ---------------------------- 5.3.4 58

Operational and maintenance ground/shipboard vehicles --- 5.12 223
general ---------------------------------------------- 5.12.1 223

Operations
hazardous, control of --------------------------------- 5.12.3.4 227
night, reticles ------------------------------------- 5.11.3.12.1 218
seated, workspace design ----------------------------- 5.7.3 146
standing, workspace design --------------------------- 5.7.2 145
standing, aerospace vehicles ------------------------- 5.14.2.2.4 246

Operator comfort and convenience ------------------------ 5.3.9 64
accessibility of handsets ---------------------------- 5.3.9.3 64
comfort ----------------------------------------------. 3.9.1 64
hands-free operation --------------------------------- 5.3.9.2 64

Operator-control orientation, direction of movement .....- 5.4.1.2.3 67
Optical instruments and related equipment --------------- 5.11.3 216

general .............................- - 5.11.3.1 .216
Optical projection displays, large screen --------------- 5.2.6.6 5C
Optical quality, optical instruments -------------------- 5.11.3.10 217

axial resolution ------------------------------------- 5.11.3.10.1 211
luminous transmission -------------------------------- 5.11.3.10.2 21t

Option
coding ----------------------------------------------- 5.15.4.2.10 261
presentation, active ---------------------- ---------- 5.15.4.2.3 26f
presentation --------------------------------------- 5.15.4.2.7 26
selection, highlighted (feedback) -------------------- 5.15.5.6 271
sequence --------------------------------------------- 5.15,4.2.5 261

Order, logical (form filling) --------------------------- 5.15,4.3.15 268
Order and sequences, display tormat --------------------- 5,15.3.1.4 25:
Organization of data, natural (query language) ---------- 5.15.4.7.2 27(
Orientation

cae --------------------------------------------- 5.9.7.1 l8
connector -------------------------------------------- 5.0.14.6 20(
displays --------------------------------------------- 5.2.1.4.3 21
fixed scale indicators ------------------------------- 5.2.3.2.2 4
labels ----------------------------------------------- 5.5.2.1 12
labels, normal (graphic displays) -------------------- 5.15.3.6.23 26(
moving scale numerala ------------------------------- 5.2.3.3.2 44
rocker switches .-------------------------------------- 5.4.3,1.6.5 9!
slide switch controls -------------------------------- 5.4.3.1,7.4 10
thumbwheel controls, continuous adjustment --------- -5.42,2.3.2 8,
toggle switch controls ------------------------------- 5.4.3.1.4.5 91

Orientation and location, labeling ---------------------- 5,5.2 12
location ------------------------ 5.5.2.2 12
orientation ------------------------------------------ 5.5.2.1 12
standardization------------------- ------------------ 5.5.2.3 12

Originator identification. Interactive control ---------- 5.15.4.3.10 26
Other criteria, equipment labeling ---------------------- 5.5.6.1.4 12
Other critical channels, masking ------------------------ 5.3.4.5.1 6
Other displays, visual displays ------------------------- 5.2.6 4
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applications .................. 5.2.6.1.2
general .................................... 5.2.6.1
types ............................... 5.2.6.1.1

Other publications, referenced documents 2.2
Other requirements 5.15.10 27

audio displays --------------------------------------- 5.15.3.8.2 26
display print ---------------------------------------- 5.15.10.2.1 27
hard copy -------------------------------------------- 5.15.10.2 27
key operated switches -------------------------------- 5.4.2.1.2.5 7
legend switches -------------------------------------- 5.4.3.1.5.3 9
miniture controls ------------------------------------ 5.4.5.3 12
overlays --------------------------------------------- 5.15.10.1 27
print page ------------------------------------------- 5.15.10.2.2 27

Outcome, process (feedback) ----------------------------- 5.15.5.3 27
Out-of-tolerance, indication of equipment failure ------- 5.9.17.1.2 20
Overwriting, form filling ------------------------------- 5.15.4.3.8 26

P

Pacing, user (data entry) ------------------------------- 5.15.2.1.1 24
Padding. seat (vehicle) --------------------------------- 5.12.2.6 22
Page, definition ---------------------------------------- 3.48 1
Page numbering, display format -------------------------- 5.15.3.1.12 25
Pan, seat (vehicle) ------------------------------------- 5.12.2.5 22
Panel

angle, horizontal wrap-around console ---------------- 5.7.6.1.2
assemblies, transilluminated ------------------------- 5.2.2.4
contrast, control ------- ----------------------------- 5.4.1.4.5.4
definition------------------------------------------- 3.49
dimming, field use (visual displays) ----------------- 5.2.1.2.1.3 2
division, vertical/stacked console ------------------ 5.7.6.2.1 15
large single pictorial graphic --------------------- 5.2,2.4.2 3
removal, mounting ----------------------------------- 5.0.12.11 20
separate (control/display integration) --------------- 5.1.2.3.6 2
width, horizontal wrap-around console ---------------- 5.7..1.1 1s

Panning. definition ------------------------------------- 3.50 1
Parallax. reticles -------------------------------------- 5.11.3.11.4 21
Parallax, rotary selector switche ---------------------- 5.4.2.1,1.6 7
Parrallel movement, movement relationships -------------- 5.1.3.9 2
Parts, equipment labeling ------------------------------- 5.5.6.1 12
Passenger compartments, aerospace vehicle design -------- 5.14.2 24
Passenger seats, aerospace vehicles --------------------- 5.14.2.4.9 24
Passwords, data protection

changing --------------------------------------------- 5,15.8.13.0 27
choice of -------------------------------------------- 5.15,.13.7 27

Pattern and location, display coding .------------------- 5.15.3.3.4 25
Pattern coding, scale indicators ------------------------ 5,2.3.1.10.4 4
Pattern- or color-coding -------------------------------- 52.3.1.10.2 4
Patterns. reticles ------------------------------------- 5.11.3.11.2 21
Peak-clipping
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definition --------------------------------- 3.51 14
speech signals --------------------------------------- 5.3.7.5 62

Pedals 5.4.3.2.8 114
control return ........................ 5.4.3.2.8.3 115
dimensions, resistance, displacement and separation -- 5.4.3.2.8.7 116
high force application aids -------------------------- 5.4.3.2.8.5 116
location --------------------------------------------- 5.4.3.2.8.2 114
non-clip pedal surface ------------------------------- 5.4.3.2.8.6 116
pedal travel path ------------------------------------ 5.4.3.2.8,4 116
use -------------------------------------------------- 5.4.3.2.8.1 114

Pedals, controls (vehicles) ------------------------------ 5.12.3.3 223
Performance, visual (windows, canopies, and windshields) 5.14.1.1.1 239
Personal equipment

anthropometry ---------------------------------------- 5.6.3.5 143
compatibility, optical instruments ------------------- 5.11.3.14.3 219
thermal control -------------------------------------- 5.8.1.6 167

Personnel ingress and egress -------------------------- 5.14.3 242
angle of incline ------------------------------------- 5.14.3.5.1 243
diameter --------------------------------------------- 5.14.3.3.1 242
doors ------------------------------------------------ 5.14.3.4. 243
exit markings ---------------------------------------- 5.14.3.1.1 242
floors ----------------------------------------- ----- 5.14.3.6 243
hand and foot surface -------------------------------- 6.14.3.5.2 243
handholds and footholds -------------------------------5.14.3.2 242
hatches for normal exit and entrance ------------------ 5.14.3.1 242
inclines and stairs and ladders ---------------------- 5.14.3.5 243
jamming ---------------------------------------------- 5.14.3.4.1 243
latches ---------------------------------------------- 5.14.3.4.2 243
personal equipment space ---------------------------- 5.14.3.3.2 242

tunnels ------------------------------ 5.14.3.3 242
Personnel platform and work areas --------------------- 5.7.7.6 159
Personnel, transportability of small systems by --------- 5.11.1.2 215
Physical access -------------------------------------- 5.9..5 187

arm and hand access ---------------------------------- 5.9.9.5.1 187
guarding hazardous conditions -----------------------... 9.9.5.1.5 190
opening covers -------------------- ---- _------. .95 187
reach access dimensions ----------------------------- 5.9,9.5.1.2 187
remove and replace dimensions ------------------------ 5.0.9.5.1.4 190
tool access dimensions ------------------------------- 5.9.9.5.1.3 187
type of opening -------------------------------------- 5.9,9.5.1.6 190

Pictorial/graphic situation formats, CRT displays ------- 5.2.4.9 45
Pictorial symbols. graphic displays --------------------- 5.15.3.6.24 260
Pilot station, design ----------------------------------- 5.14.2.1 240
Pins

connector -------------------------------------------- 5.9.14,5 207
safety, ejection syste ----------------------------- 5.14.4.3.5 945
safety, general equipment related hazards ------------ 5.13.5.5 235

Pipe, hose and tube line identification ----------------- 5,13.3 233
Placards

design of label characters --------------------------- 5.5.5.4.3 123
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safety labels ----------------------------------------- 5.13.2 23
w a r n i n g ..... ..... .....................- . 5 .13 .2 .1 2 3

Placement
control, normal (seated operations) ------------------ 5.7.3.9

control, normal (standing operations) ----------------- 5.7.2.4 14
control, special (seated operations) ----------------- 5.7.3.10 14
control, special (standing operations) --------------- 5.7.2.5 1l

control, lifting vehicles ---------------------------- 5.12,8.3 23

display, normal (seated operations) ------------------ 5.7.3,6 14

display, normal (standing operations) ---------------- 5.7.2.2 14
display, special (seated operations) -...--------- 5.7.3.7 14
display, normal (standing operations) ---------------- 5.7.2.3 14

Placement of numerals
relative position of scale marks and numbers --------- 5.2.3.2.3.6 4
curved, horizontal & vertical straight scales ........- 5.2.3.2.4.4 4

Placement of pointers
curved, horizontal & vertical straight scales -------- 5.2.3.2.4.3

Platforms, hazards and safety ---------------------------- 5.13.5 23
handrails, safety bars and chains -------------------- 5-13.6.2 23

locks ------------------------------------------------ 5.13.6.1 23

safety mesh ------------------------------------------ 5.13.3.3 23

Platforms, personnel ------------------------------------ . .7.6 15

Platforms, work (hydraulic) ----------------------------- 5.7.7.7 15

Plotters and recorders, oNer displays ------------------ 5.2.6.4 4

annotation ------------------------------------------ 5.2.6.4.7 4
contrast --------------------------------------------- 5.2.6.4.3 4

control, replenishment and service -------------------- 6.2.6.4.e 4

job aids ------------------------------------------- 5.2.6.4.5
smudging/smearing ------------------------------------ 5.2.0.4.6
take-up device-------------------------------------- 5.2.6.4.4
Ue .. -------------------------------------------------- 5.2,1.4.1 4

visibility ------------------------------------------- 5.2.8.4.2 4

Plugs and receptacles, electrical safety ----------------. 1 .7.2 23
Plugs, quick disconnect (connectors) --------------------- 5.2l4.1 2

Pointer, alignment of pointer or fixed reference line --- 5.2.3.3.3 4
Pointer alignment

circular scales -------------------------------------- 5.2.3.2.Z.5 4
curved, horizontal & vertical straight scales -------- 5.2.3.2.4.5 4

Pointer, fixed (movement relationship)
circular scale -------------------------------------- 5.1.3.5 2
linear scale ----------------------------------------- 5.1.3.6 2

Pointer movement, scale reading
circular scale .---------------------------------------. 2.3.2.3.1 4
curved, horizontal & vertical straight scales--- 5,2.3.2.4.1 4

Pointer, moving (movement relationship)
circular scale -------------------------------------- 5.1.3.3 2
linear scale -------------------------------------- 5.1.3.4 2

Pointer. moving (rotary selector switches) -------------- 5 4.2.1.1.2 7

Pointers ----------------------------------------------- 5.2.3.1.7 3'

color ----------------------------------------------- 5.2.3.1.7.4 4
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length .................- 5.2.3.1.7.1 31
mounting --------------------------------------- ------ 5.2.3.1.7.3 4:
number of, circular scales ...... 5.2.3.2.3.4 C
placement of, curved, horizontal & vertical scales --- 5.2.3.2.4.3 C
tip configuratio ------------------------------------ 5.2.3.1.7.2 31

Peintiixf. graphic displays ------------------------------ 5.15.3.6.6 251
Points, test -------------------------------------------- 5.9.15 20-
Population, user (design weight limits) ----------------- 5.9.11.3.8 194
Populations, special (anthropometry) --------------------- 5..4 14%
Portability ---------------------------------------------5.11.1. 21%

carrying by two persons ------------------------------- 5.11.1.1.4 21.
configuration -------------------- 5.11.1.1.3 21
lifting atn ----------------------------------------- 5.11.1.1.2 21%
standardization -------------------------------------- 51 5 21
weight ----------------------------------------------- 51 21

Portability and ioad carrying --------------------------- 5.11.1 21.
Porition

confirming cursor, graphic displays ------------------ 5.15.3,6.9 25C
home, cursors ---------------------------------------- 5.15.2.1.8.3 24C
zero, circular scales ---------------------------- 5.2.3.2.3.2 41
zero, curved, horizontal & vertical straight scales -- 5.2.3.2.4.2 42

Position in structure, menu seletion -------------------- 5.15.4.2.12 26
Position relationahips. control/display integratin ----- 5.1.2 21
Posttioning a&is, optical instrumontu/equipment

acceSaories ------------------------------------------ 5.11.3.15.3 221
-aintayatc --------------------------------------- 5.11.3,18.2 221

Posi tioriing
conuistent, nursor- -..........----------------- 5.15.2,1.8.5 249
,ontrols, trailers ---------------------------------- 5.12.7.1.2 229
precise, graphic dieplay ----------------------------- 5.15.3.6.8 259

Positions
xoamon oorkiig, vor~eoe design -------------------- 5.7.4 147
rotary selector switches ------------------.--------- 5.4.2.1.1.4 75
shift handle, vehicles ------------------------------ 5.1.4.4 227

PnsMtive feedback, data entry -------------------------- 5.15.2.1.2 248
?oiitive indication

foot-operi"Ad switcher ------------------------------ 5.4.3.1.2.4 01
Vuvb button. ftnger or hand opel-ated --------------- 5.4.3.1.1.3 8
rocker switche? -------------------------------------- 5.4.3.A.6.3 o
slide switch :opt-uls --------------------------------- 5.4.3.1,7.5 101
.toggle sw:tch controls -------------------------------- 5.4.314.4 9
touch-screen controls --------------------------------- 5.A .3 119

Pouitive feedbacK, tr'ansilltimin-sted displays ------------- 5.2.2.1.4 33
Positive vs netative legend. Itgend li4hts ------------- 5.2.2.2.3 36
Potential. ground (electrical hazards) ------------------ 5,13.7.1.5 236
Power assist, manipulators ------------------------------- 5.10.3.3 211

Power failure. idication -------------------------------- 5.9.17.1.1 208
Popr steerIng failure, handwheels ---------------------- 5.4.2.2.5.7 88
Precise positioning, graphic displays ---- ------------- 5.15.3.6.8 259
Precision and complexity, con*.,ol/disp1&y integratlon 5.1.1.3 21
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Precision, information (visual displays) ---------- ------ 5.2.1.3.2
Predefined

formats, text/program editing ------------------------ 5.15.3.7.10 26
graphic formats, graphic displays -------------------- 5.15.3.6.15 25

Pre-emphasis
definition ------------------------------------------- 3.52
speech transmission equipment ------------------------ 5.3.7.4 6

Presentation
active option, menu selection ------------------------ 5.15.4.2.3 26
dichotic, audio displays ----------------------------- 5.3.4.2.3 5
mode, text/program editing --------------------------- 5.15.3.7.2 26
option, menu selection ------------------------------- 5.15.4.2.7 26

Pressurization, escape capsule -------------------------- 5.14.4,3.8.2 24
Prevention of accidental actuation. controls ------------ 5.4.1.6 7

avoidance -------------------------------------------- .4.1.8.6.2 7
configuration and placement -------------------------- 5.4.1.8.6.4 7
dead man controls ------------------------------------ 5.4.1.6.5 7
foot-operated controls ------------------------------- 5.4.1.8.6 7
internal controls ------------------------------------ 5.41..2 7
location and design ---------------------------------- 5.4.1.8.1 7
methods ---------------------------------------------- 5.4.1.8.4 7
operation -------------------------------------------- 5.4.1.8.6.3 7
rapid operations ------------------------------------- 5.41.8.3 7
use ---------------------------------------------------- 5.47 1.8.61

Print, display ------------------------------------------- 5.15.10.2.1 27
Print page ---------------------------------------------- 5.15.10.2.2
Printed circuit boards ---------------------------------- 5.9.18
Printed circuit (PC) switch controls -------------------- 5.4.3.1.9 10

dimansions, resistance, displacement and separation -- 5.4.3.1.9.2 10
shape ------------------------------------------------ 5.4.3.1.9.3 10
use ----------------------------------------------- - 5.4.3.1.9.1 10

Printed, text displayed as (text/program editing) ------- 5,15.3.7.12 26
Printers ------------------------------------------------ 5.2.6.3 4

annotation ------------------------------------------- 5.2..3.6 4
contrast -------------------------------------------- 5.2.6.3.3 4
control, replenishment and service ------------------- 5,2.6.3,9 4
illumination ----------------------------------------- 5.2.6.3.4 4
legibility -------------------------------------------. 2.6.3.7 4
printed tapes ---------------------------------------- 5.2.6.3.8 4
take-up provision ------------------------------------ 5.2.6.3.5 4
use ------------------------------------------------- 5.2.6.3.1 4
visibility ------------------------------------------- 5.2.6.3.2 4

Printing options, flexible (Lext/program editing) -------- 515.3.7,14 26
Priorities, Meaage (verbal waening uinal) ------------- 5.3.5.6.2 6
Procedures, user-computer Interface

consistent ------------------------------------------- 5.15.11.2 27
log-off ---------------------------------------------- 15.15..6 24
log-or .-----------------------------------------------5.15.1.5 24
standard --------------------------------------------- 5,15.1.1 24

P ro" ess
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hierarchical, interactive control --------------- ----- 5.15.4.1.7 265
outcome, feedback ------------------------------------ 5.15.5.3 271
time-consuming, feedback ----------------------------- 5.15.5.9 272

Process changt, error recovery -------------------------- 5.15.8.6 274
Procesing

delay, data entry ------------------------------------ 5.15.2.1.3 248
speech signal, definition ---------------------------- 3.62 1
speeCh, verbal warning signals ----------------------- 5.3.5.4 60

?rofiiriy levels, vibration --------------------------- 5.8.4.1.1.2 177
Program edit commands ----------------------------------- 5.15.3.7.4.2 261
Program editing, text ----------------------------------- 5.15.3.7 261
Prohibited types of *ign'ais, w&rning devices ------------- 5.3.4.3.6 59
Projected data, legibility ------------------------------ 5.2.6.6.4 51
P7oectton displays, nptical ---------------------------- 5.2.6.6 50
Projections. mi-transporable equipsent -.--------- 5.1.12.5 215
Prompt. definition ------------------------------------ 3.51 14
?romnos ----------------------------------------------- 5.15.6 273

%onsistent terminology ----------------------------- 5.15.6.6 272
definitions ------------------------------------------ 5.15.6.5 272
erplicit prompt* ------------------------------------- 5.15.6.3 272
prompt clarity --------------------------------------- .15.6.4 272
rtandard disvlay ------------------------------------ 5.15.6.2 272
Lne----------------------------------------------- 5.1b.6,1 272

Proopts, mevs.Ages at the bottom (display format --------- 5.15.3.1.9.2 253
Proportions, auneral (counters) -------------------------- 5.2.6.2.3 4?
PT, tect or

cable ---.------------------------------------------- 5.g.13.7 206
contrK!, ejectionsystew s-------------------------- 5.14.4.3.4 245
conti'ol, **-apt xts ...................---------------- 5.14.4.2.5 244

Frottetion, %eit end error-manament ------------------ 5.15.8 273
Protectlovi foom socidental ac vation, controls ..------- -5.4.1,8.4 72
Protective

clothit'g, plac&r ------------------------ --------- 5.13.2.4 233
co i ----------------------------------------------- 5.9.14.13 207
items. identfication of .... ------. .---S6.13.2.4 233

Prototype an' production squient labels --------------- 5,5.1.3 121
Protruslons, exterior (Imersency evacuation) ------------- 5.14.4.i,5 243
Provision, capsule (ejection ksyems) -------------------- 5.1.4.3.8.1 245
Provision for hand-carrylig cauipm*et -------------------- 5,7,7,1,2 156
Privision if operating instructions (vehicles ------------5.12.4.1 227
Pull force

ho-izontal ...........------- ...---------- 5.9.11.4.1 194
vertical ..........- --------------------............. 15

Punctuation
comand language ----------- ------ ---------------- -. 5.4.5.4 269
numeric. tabular data -------------------------------- 5.15.3.5.7 257

Pupil
entrance, optical equiprt-- .......................- 5.11.3.. 217
exit. head-up display -------------------.-------- 5.14.1.1.5.6 239

ex4t, optical equipmant ------------------------------- 5.11 3. 2;7
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Purging, optical equipment ...............- 5.11.3.18.5 21

Purpose, UIL-STD-1472D ---------------------------- ------- 1.2
Push buttons (finger or hand operated) ------------------ 5.4.1.1.1

channel or cover guard ------------------------------- 5.4.3.1.1.4 88

dimensions, resistance, displacement, and separation - 5.4.3.1.1.5 88
interlocks or barriers - 5.4.3.1.1.0 88
positive indication ---------------------------------- 5.4.3.1.1.3 88
shape ------------------------------------------ ------ 5.4.3.1.1.2 88
use 5.4.3.1.1.1 88

Push and pull force ---------------------------------- 5.9.11.4 194
horizontal ---------------------------------------- 5.9.11.4.1 194
vertical -------------------------------------------- 5.9.11.4,2 195

Push-pull controls, discrete --------------------------- 5.4.3.1.8 101
applications ------------------------------------------ 5.4.3.1.8.1 101
detents ------------------------------------------ 5.4.3.1.8.4 101
direction of control motion ------------------------- 5.4.3.1,8.6 104
handle dimensions, displacement and clearances ------- 5.4.3.1.8.2 101
resistance ----------------------------------------- 5.4.3.1.8.7 104
rotation -------------------------------------------- 5.4.3.1.8.3 101
snagging and inadvertant contact -------------------- 5.4.3.1.8.5 101

Q

Quantitative information, scale indicators -------------- 5.2.3.1.3 30

Query language, definition ----------------------------- 3.54 14
Query language ----------------------------------------- 5.15.4.7 270

coherent representation of data orgaization ---------. ,15.4.7.3
confirming large-scale retrieval --------------------. 515.4.7.6
logic to link queries -------------------------------- 6 .15.4.7.5
natural organization of data ------------------------- 5.15.4.7.2 270
task-oriented wording ----------------------------------- 5.15.4.7.4 270
use --.- . ............-------------------------------- 5.15.4.7.1 270

Question and answer, definition ------------------------ 3.55 15
Question and answer ----------------------------------- 5.15,4.6 270

questions displayed separately ----------------------- 5.15.4.6.2 270
recapitulating prior answer ----------------------- 5.15.4.6.3 270
source document capability --------------------------- 5.15.4.6.4 270
use ------------------.------------------------------ 5.15.4.6.1 270

Quick disconnect, plugs (connectors) ------------------- 5.0.14.1 20
Quick release, optical equipment -----------------------. 11.3.1.3 221
Quiet areas, extreme (acoustical noise) ----------------- 5.8,3.3.5 175

RackS. rollout (mounting) --------------........-------- 59.12,6 201
Radiation, toxic hazards ----------------------------- 5.13.7.5 231

Ramps -------------------------------------------------- .7.7.5 159
cleating -------------------------------------------- 5.7.7.5,1 iSS
mixed traffic --------------------------------------- 5.7.7.5.2 159

RA&Sps, stairs and ladders ------------------------------ 5.7.7 15C
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Range
dynamic, speech transmission equipment --------------- 5.3.7.2 62

frequency, audio warning signals 5.3.3.1.1 57
frequency, speech reception equipment ---------------- 5.3.8 63

Range of display movement ----------------------------- 5.1.4.2 25
Range of adjacent surfaces, luminance ------------------ 5.2.4.5 45
Rapid operation, prevention of accidental actuation 5.4.1.8.3 72
Rate

movement, counters -------------------------------- 5.2.6.2.4 47
update, dynamic displays ---------------------------- 5.15.3.4.2 256

Ratio
control displLy movement ---------------------------- 5.1.4 24
luminance, projected data --------------------------- 5.2.6.6.4.3.1 51
speech to noise, definition ------------------------- 3.65 16
steering. handwbeels -------------------------------- 5.4.2.2.5.8 88

Reach access dimensions, access openings and covers ----- 5.9.9.5.1.2 187
Readily usable form, display format .-------------------- 5.15.3.1.3 252
Rear access, design for maintainer --------------------- 5.9.4.4 186
Rear view, visibility

road ------------------------------------------------ 5.12.5.5 228
vehicle -------------------------------------------- 5.12.5.4 228

Recapitulating prior answers, question and answer ------- 5.15.4.6.3 270
Reoeptacles, electrical hazards .------------------------ 5.13.7.1.2 236
Reception equipment, speech ---------------------------- 5.3.8 63
Recorders and plotters --------------------------------- 5.2.6.4 47
Recovery, error (error management) --------------------- 5.15,8.6 274
Recurring data, graphic displays ------------------------ 5.15.3.6.2 258
Recurring data fielde, display format --- ---------- 5.15.3.1. 253

Red alphanumeric LEte/segmented display*, location of --- 5.2.6,8.10 53
Reduction, workload (defaults) ------ ------------ 5.1 .. 273
Reduction of reverberation time, acoustical nois ------- 5.8.3.4.3 117
Redundant visual warning, audio warning devices --------- 5.3.6.3 61
Redundancy

information ----------------------------------------- 5.2.1.3.4 28
lamp, transilluminated displays --------------------- 5.2.2.1.13 34

Reference index, graphic displays ---------------------- 5.153.6.21 260
Reference line. fixed (moving scale indicators) --------- 5.2.3.3.3 44

efe*rence scale for adJustmnt controls ----------------- 5.9.3.3 184
Referenced documents -.............------------------- 2 3
Ref lected

glare. CRT displays -------------------------------- 5.2.4.7 45
light, remote handling equipment .-------------------- 5.10.5.1 212

Reflection
Ftransilluminated displays -------------------------- 5.2.2.1.11 34
visual displays ------------------------------------- 5.2.1.4.4 29

Refresh rates, graphic displays ------------------------ 5.15.3.5.3 258
Registration, automatic data (graphic displays) --------- 5.15.3.6.14 259
Rejection, user input (feedback)-........................5.15.5.7 271

Relabeling. variable funition keys --------------------- 5.15.2.4.4 251
Re-lamping, transilluainated panel assemblies ----------- 5.2.2.4.3 31
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Related data on same page. display content -------------- 5.15.3.2.2.2 255
Relation to display, color-coding ........... 5.4.1.4.5.3
Relation to visual displays, audio warnings ...... 5.3.2.4
Relationship

control/display integration -------------------------- 5.1.1.1 21
movement, control/display integration -------------- 5.1.3 23
movement, cu: sors --------------------------------- 5.15...8.7 249
position, control/display integration ---------------- 5.1.2 21

Relative position of scale marks and numbers ------------ 5.2.3.2.3.6 42
Relative accessibility -------------------------------- 5.9.4.5 185
Release. quick (optical instruments) ------------------- 5.11.3.18.3 221
Relief. eye (optical instruments) ---------------------- 5.11.3.8 217
Remote controls --------------------------------------- 5.4.1.3.5 68
Remote handling, design of equipment for ---------------- 5.10 211
Removal, lamp

method ---------------------------------------------- 5.2.2.1.15 35
safety ---------------------------------------------- 5.2.2.1.16 35

Removal of
cases ----------------- --------------------------- 5.9.7.2 186
replaceable items ---------------------------------- 5.9.12.11 205

Removal, mounting ------------------------------------ 5.9.12.3 203
Remove and replaoe dimensions, access openings and covers 5.9.9.5.1.4 190
Replacemit

component, optical equipment ------------------------ 5.11.3.18.6 222
modular ------------------------------------------ 5.4.1.3 13

Replacement and resetting, fuses and circuit breakers --- 5.9.17.2.2 206
Replenishmant and service

plotters and recorders ------------------------------ 5.2.6.4.8 n
printer ---------------------------------------- 9.

Representation of data organization, coherent ----------- 5.15.4.1.3 270
Reprograsmable or inactive default functions

variable function keys ----------------------------- 5.15.2.4,3 251
Request IELP. standard action to ------------------------. 15 21 274
Rquirements and methods, coding ----------------------- 5.4,1.4. 60
Requirements

force, batche ------------------- --------- 5.7.8.2.2 163
handle and grasp area force -------------------------.... 11.5.6 203
multiple magnification. (optlal instruments) -------- 5.11.3.4.3 217
survival, ejection systems ------------------------- 5.14.4-3.7 245

Reset, automatic
audio warning devices ------------------------------- 5.3.0.2 61
counters ----------------------------------------- 5.2.6.2,4 47

Resistanee
ball control -------------------------- ------------ 5.4.3.2.4.4 111
cranks -----------------------------.-------------- 5.4.2.2.4.3 86
displacement joysticks, finger operated -------------- 5.4.3.2.2.2.3 108
displacement joysticks, hand operated ----------------.. S 3.2.2.1.3 107
displacement joysticks. tbuabtip/fingertip operated -- 5.4.3.2.2.3,3 108
toot-operated switches ------------------------------ 5.4.3.1.2.3 92
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ganged control knobs .......................... 5.4.2.2.2.3 8
handwheels 5.4.2.2.5.5 86
isometric joysticks, finger operated ----------------- 5.4.3.2.3.2.3 109
isometric joysticks, haad operated 5.4.3.2.3.1.3 109
isometric joysticks. thumbtip/fingertip operated ----- 5.4.3.2.3.3.3 111
keyboard --------------------------------------------- 5.4.3.1.3.3 02
key operated switches -------------------------------- 5.4.2.1.2.2 77
legend switches -------------------------------------- 5.4.3.1.5.1 97
levers ----------------------------------------------- 5.4.3.2.1.6 105
lock-unlock, boresight knob -------------------------- 5.11.3.18.7.2 223
miniture controls ------------------------------------ 5.4.5.2 190
pedals ----------------------------------------------- 5.4.3.2.8.7 116
printed circuit (PC) switch controls ----------------- 5.4.3.1.9.2 104
push button ------------------------------------------ 5.4.3.1.1.5 88
push-pull controls ----------------------------------- 5.4.3.1.8.7 104
rocker switches -------------------------------------- 5.4.3.1.6.4 99
rotary selector switches .----------------------------- 5.4.2.1.1.7 75
slide switch controls -------------------------------- 5.4.3.1.7.3 99
thumbwheel, continuous ------------------------------- 5.4.2.2.3.4 84
thuxbwheel, discrete --------------------------------- 5.4.2.1.3.8 79
toggle switch controls ------------------------------- 5.4.3.1.4.3 94
touch screen controls -------------------------------- 5.4.0.5 120

Resolution. axial (optical instruments) ----------------- 5.11.3.10.1 217
Response

computer, user-computer interface -------------------- 5.15.1.2 247
equipment, transilluminated displays ------------------. 2.2.1.2 33

Response time, interactive control ---------------------- 5.15.4.1 263
interrupt to end keyboard lockout -------------------- 5.15.4.1.L3 254
keyboard restoration --------- --------------5.15.4.1.1.2 264
response time Induced keyboard lockout --------- 5.15.4.1.1.1 264

Response time, system ...--------------------------- 5.15.0 275
Rests and stands --------------------------------------- 5.. 192
Restraint and seating. aerospace vehicle ---------------- 5,14.2.4 241
Reticles, optical instruments --------------------------- 5.11.3,11 218

format ---------------------------------------------------- 5.11.3..3 218
line thickness --------------------------------------- 5.11.3.11.1 216
parallax --------------------------------------------- 5.11.3.11.4 218
patterns -.----..............------------------------ 5.11.3.11.2 218

Reticles and illuminated sights ------------------------- 5.11.3.12 218
Retlcle lines -------------------------------------------. 11.3.12.6 219
Retrieval, confirming large-scale (query language) ------ 5.15.4.7,6 271
Retrieval and easy storage, graphic displays ------------ 5.15.3.6.13 259
Return to base-level functions, variable function keys -- 5.15.2.4.6 251
Return to top level. menu selection --------------------- 5.15.4.2.14 267
Reverberation time. reduction of ------------------------ 5.8.3.4.3 177
Rocker switches --- ---------------------------------- 5.4.3.1.6 97

accidental actuation --------------------------------- 5.4.3.1.6.2 97
coloe and illumination ------------------------------- 5.4.3.1.6.6 09
dimensions, resistance, displacement, and separation -5.43.1.6.4
orientation ----------------.---------------------- 5.4.3.1.6.5
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positive indication ---------------------------------- 5.4.3.1.6.3 99

use -------------------------------------------------- 5.4.3.1.6.1
Rollout racks, slides or hinges -.----------------------- 5.9.12.6 21
Rotary controls ----------------------------------------- 5.4.2 74

Rotary controls, discrete ------------------------------- 5.4.2.1 74
Rotary selector switches -------------------------------- 5.4.2.1.1 74

contrast --------------------------------------------- 5.4.2.1.1.5 75
dimensions, resistance, displacement and separation -- 5,4.2.1.1.7 75
moving pointer --------------------------------------- 5.4.2.1.1.2 75
parallax --------------------------------------------- 5.4.241.1.6 75
positions ---------------------------------------- 5.4.2.1.1.4 75
shape ----------------------------------------------- 5.4.2.1.1.3 75
use -------------------------------------------------- 5.4.2.1.1.1 74

Rotation, push-pull controls ---------------------------- 5.4.3.1.8.3 101
Rounding

access openings and covers --------------------------- 5.9.9.4 1V
edge, general equipment-related hazards -------------- 5.13.5.4 23!

Routine signals, differentiation from (audio alarms) ---- 5.3.4.3.5 59
Routing, cable ------------------------------------------ 5.9.13.4 20C
Row scanning cues, tabular data ------------------------- 5.15.3.5.14 25E
Ruggedness, general requirements ------------------------ 4.9 1G

S

Safety
bars, chains and handr.ils --------------------------- 5.13.6.2 23!
general requirements --------------------------------- 4.8
harnesses, ejection systems -------------------------- 5.14.4.3.2
level, whole body vibration ----------------------- 5.8.4.1.1.1
manipulators, rsmote.handling equipment -------------- 5.10.3.1 211
mesh ------------------------------------------------ 5.13.6.3 231

Safety and hazards -------------------------------------- 5.13 23:
electrical, mechanical, fluid, toxic and radiation --- 5.13.7 23!
gener ..---------------------------------------------- 5.13.1 23:
f,.nerall equipment-related ---------------------------- 5.13.5 23
teneral workapace ------------------------------------ 5.13.4 23:

labels and placards ---------------------------------- 5.13.2 23,
pipe, hose and tube line identification -------------- 5.13.3 23:
platforms -------------------------------------------- 5.13.0 23!

Safety labels and placards ------------------------------ 5.13.2 23,
center-of-gravity and weight ------------------------- 5.13.2.2 23:
electrical labels ---------------------------------- 5.13.2.6 23:
hand grasp areas ------------------------------------- 5.13.2.7 23:
identification of protective items ------------------- 5.13.2.4 23
"NO-STEP" narkings ----------------------------------- 5.13.2.5 23
warning placards ------------------------------------- 5.13.2.1 23:
weight capacity -------------------------------------- 5.13.2.3 23:

Safety pins and streamers
ejection systems ------------------------------------- 5.14.4.3.5 24,
general equipment-related ---------------------------- 5.13.5.5 23'
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c ircular ............................... 5 .2 .3 .2 .3 4 1
circular, fixed pointer - 5.1.3.5 24
circular, moving pointer i n--------------- ........... 5.1.3.3 23
curved, horizontal & vertical straight --------------- 5.2.3.2.4 42
linear, fixed pointer ------------------------------- 5.1.3.6 24
linear, moving pointer ------------------------------ 5.1.3.4 24
reference for adjustment controls ------------------- 5.9.3.3 184

Scale break --------------------------------------------- 5.2.3.2.3.3 42
Scale, display of (graphic displays) -------------------- 5.15.3.6.25 260
Scale indicators ------------------------------------- 5.2.3 37

general --------------------------------------------- 5.2.3.1 37
linear scales -a-- 5.2.3.1.4 39
type of information -------------------------------- 5.2.3.1.3 39
types of scale indicators --------------------------- 5.2.3.1.1 39
use -------------------------------------------------- 5.2.3.1.2 39

Scale markings -------------------------------------- 5.2.3.1.5 39
intermediate marks --------------------------------- 5.2.3.1.5.2 39
graduations ----------------------------------------- 5.2.3.1.5.1 39

Scale marks and numbers, relative position of ----------- 5.2.3.2.3.6 42
Scale, single only (graphic displays) ------------------- 5.15.3.6.27 260
Scale reading and pointer movement

circular scales ------------------------------ ----- 5.2.3.2.3.1 41
curved, horizontal & vertical straight -------------- 5.2.3.2.4,1 42

Scaling, consistent (graphic displays) ------------------ 5.15.3.6.26 260
Scanning cues, tabular data

column ---------------------------------------------- 5.15.3.5.13 258
row ..--------------------------------------------- 5.15.3.5.14 258

Scope. MIL-STD-1472D --------------.-------------------- 1.1 1
Screen luminance, CRT displays ------------------------- 5.2.4.3 45
Screwdriver adJustments, blind (design for maintainer) -- 5..3.2 184
Scrolling

definition --------------.-------------------------- 3.56 15
display format -------------------------------------- 5.15.3.1.11 254

Seat
belts ----------------------------------------------- 5.12.2.7 223
padding --------------------------------------------- 5,12.2.6 223
pan ------------------------------------------------- 5.12.2.5 223
passenger (aerospace vehicles) ---------------------- 5.14.2.4.0 242

Seat reference point (SRP), definition ----------------- 3.57 15
Seated body dimensions, anthropometric data ------------ 5.6.2 132
Seated operations, workspace design -------------------- 5.7.1 146

control placement, normal --------------------------- 5.7.3.9 147
control placement, 3pecial -------------------------- 5.7.3.10 147
display placement, normal --------------------------- 5.7.3.6 147
display placement. special -------------------------- 5.7.3.7 147
knee room ------------------------------------------- 5.7.3.5 147
seating --------------------------------------------- 5.7.3.4 146
warning displays ----------------------------------- 5.7.3.8 147
work surface height -------------------------------- 5.7.3.2 146
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work surface width and depth ------------------------- 5.7.3.1 1464

writing surfaces ------------------------------------- 5.7.3.3 146

Seating, ground/shipboard vehicles ---------------------- 5.12.2 223

back-rest angle -------------------------------------- 5.12.2.4 223

dimensions and clearances ---------------------------- 5.12.2.1 223

horizontal adjustment -------------------------------- 5.12.2.3

seat belts ------------------------------------------- 5.12.2.7 223

seat padding ----------------------------------------- 5.12.2.6 223

seat pan ------------------------------------------ 5.12.2.5 223

vertical adjustment ---------------------------------- 5.12.2.2 223

Seating, workepace design - ----------------- 5.7.3.4 146

armrests ------------------------------------------ 5.7.3.4.5 147

backrest --------------------------------------------- 5.7.3.4.3 146

compatibility ---------------------------------------- 5.7.3.4.1 146

cushioning ------------------------------------------- 5.7.3.4.4 146

vertical adJustment ---- ----------------------------- 5.7.3.4.2 146

Seating and restraint, aerospace vehicle - 5.14.2.4 241

access to foot controls ------------------------------ 5.14.2.4.5 241

armrests --------------------------------------------- 5.14.2.4.7 242

backrest --------------------------------------------- 5.14.2.4.6 242

general ---------------------------------------------- 5.14.2.4.1 241

height --------------------------------------- 5.14.2.4.4 241

leg room - -- 5.14.2.4.8 242

passenger seats --------------------------------- 5.14.2.4.9 242

swivel adjustments -.------------------ 5.14.2.4.3 241

vertical and horizontal (fore and aft) adJustments --- 5.14.2.4.2 241

Seating area, large screen optical proJeoction displays -- 5.2.6.6.2 54

Securing of covers ---------------------------------------5.9.6.1 16

Security, data protection
automated measures --------------------------------- 5.15.8.13.1 275

classification displayed --------------------------- 5.15.6.13.5 275

data----------------------------------------------- 5.15.8.13 275

warning of threats to -------------------------------- 5.15.8.13.2 275

Segmented displays -------------------------------------- 5.2.6.8 52

Segments. vertical/stacked (consoles) ------------------- 5,7.6.2 156

Selecting, graphic displays
from displayed attribute ----------------------------- 5.15.3.6.11 259

graphic elements ------------------------------------- 5.15.3.6.10 259

Selection. console -------------------------------------- 5.7.5.4 153

Selection, controls ------------------------------------- 5.4.1.1 67

detent controls -------------------------------------- 5.4.1.1.4 67

distribution of workload ----------------------------- 5.4.1.1.1 67

G-loading -------------------------------------------- 5.4.1.1.2 67

multirotational controls ----------------------------- 5.4.1.1.3 67

stops ------------------------------------------------ 5.4.1.1.5 87

Selection. highlighted option, feedback ----------------- 5.15.5.6 271

Selection, interactive controls ------------------------- 5.15.4.2.2 266

devices ------------------------------------------ 5.15.4.2.2.1 266

series entry ---------------------------------------- 5.15.4.2.2.3 266

sequences ----------------------------------------- 5.15.4.2.2.4 266
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titles ----------------------------------------------- 5.15.4.2.2.2 266

Selection. menu (interactive control) ------------------- 5.15.4.2 266

Selection, user (defaults) ------------------------------ 5.15.7.2 273

Selector switches, rotary ------------------------------- 5.4.2.1.1 74

Self-supporting covers, access openings and covers ------ 5.9.9.2 187

Separate
adjustability, design for maintainer ----------------- 5.9.1.4 183

channels, masking audio signals ---------------------- 5.3.4.5.2 60

panels, control/display integration ------------------ 5.1.2.3.6 23

Separately, questions displayed (question and answer) --- 5.15.4.6.2 270

Separation
circuit breakers ------------------------------------- 5.9.17.2.5 209

controls --------------------------------------------- 5.4.1.3.7 8

cranks ----------------------------------------------- 5.4.2.2.4.3 86

data, display format --------------------------------- 5.15.3.1.5 253

displacement joysticks, finger operated -------------- 5.4.3.2.2.2.3 108
displacement Joysticks, hand operated --------------- 5.4.3.2.2.1.3 107

displacement Joysticks, thumbtip/fingertip operated -- 5.4.3.2.2.3.3 108

eyepiece, binocular/biocular ------------------------- 5.11.3.13.2 219

foot-operated swJtcbes ----------------------------- 5.4.3.1.2.3 92

ganged control knobs --------------------------------- 5.4.2.2.2.2 81

handwheel ------------------------------------------- 5.4.2.2.5.5 86

isometric joysticks, finger operated ----- -I 5.4.3.2.3.2.3 109

isometric Joysticks, hand operated ------------------ 5.4.3.2.3.1.3 109

isometric Joysticks, thumbtip/fingertip operated ----- 5.4.3.2.3.3.3 11

keyboards -------------------------------------------- 5.4.3.1.3.3 92
knob ------------------------------------------------ 5.4.2.2.1.2 81
legend switches -------------------------------------- 5.4.3.1.5.1 97

levers ------------------------------ --------------- -5.4,3.2.1.7 105

miniature controls -------------------------------- 5.4.5.2 120

pedals --------------------------------------------- 5.4.3.2.8.7 116

printed circuit (PC) switch controls ---------------- 5.4.3.1.9.2 104

push buttons ----------------------------------------- 5.4.3.1,1.5 88

push-pull controls ----------------------------------- 5.4.3.1.8.2 101

rocker switches -------------------------------------- 5.4.3.1.6.4 99
rotary switches ------------------------------------- 5.4,2.1.1.7 75

slide switches ------------------------------------- 5.4.3.1.7.3 go

thumbwheel, continuous ------------------------------ 5.4.2.2.3.4 84
thumbwheel, discrete --------------------------------- 5.4.2.1.3.9 79

toggle switch -------------------------------------- 5.4,3.1.4.3 94

touch-screen controls ------------------------------- 5.4.6.4 119

Sequence
functional group arrangement ------------------------- 5.1.2.1.1.1 22

option, menu selecton ------------------------------ 5.15,4.2.5 267

Sequence and function, display arrangement -------------- 5.2.1.4.7 29

Sequences, menu selection ------------------------------ 5.15.4.2.2.4 206

Sequences and order, display format -------------------- 5.15.3.1.4 253

Sequencing, automatic (ejection systems) ---------------- 5.14.4.3.6 245

Sequential entries, defaults for ----------------------- 5.15.7,4 273

Sequential operation. controls ------------------------- 5.4.1.3.2 08
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Series entry, menu selection ......... 5.15.4.2.2.3 266
Service

plotters and recorders 5.2.6.4.8 49

printers ....... 5.2.6.3.9 48

Servicing and testing, connectors 5.9.14.4 206

Servicing equipment, fluid and fuel (fluid hazards) ----- 5.13.7.3.2 237

Setting
alarm, audio displays ------------------------------ 5.15.3.8.7 263
fixed pointer, moving scale indicators --------------- 5.2.3.3.4 44

knob. coarse -------------------------------------- 5.1.4.3 25

knob. fine --------------------------------------- 5.1.4.4 25

lever, coarse -------------------------------------- 5.1.4.6 25

lever, two-dimensional ----------------------------- 5.1.4.7 25

Shall, definition ------------------------------------- Forward ii

Shape
coding, controls ---------------------------------- 5.4.1.4.4 71

coding, display coding -----------------------------. 15.3.3.8 256

discrete thumbwhoel controls ----------------------- 5.4.2.1.3.2 77

free-moving XY controller --------------------------- 5.4.3.2.6.3 114

key operated switches ------------------------------ 5.4.2.1.2.3 77

printed circuit (PC) switch controls ----------------- 5.4.3.1.9.3 105

push buttons -------------------------------------- 5.4.3.1.1.2 a8

rotary selector switches -------------------- ------- 5.4.2.1.1.3 75

steering wheel ------------------------------------ 5.4.2.2.5.6 88

Shields, noise (microphone) --------------------------- 5.3.7.6 62

Shift handle positions, vehicle -------- --------------- 5.12.4.4 227

Shifted characters, variable function keys ------------- 5.15.2.4.5 25

Shipboard areas, acoustical noise ---------------------- 5.8.3.3.6 175

Should, definition ------------------------------------ Foreward ii

Shutters, optical equipment ---------------------------- 5.11.3.15.2 221

Shutoff, automatic or manual (audio warning signals) --- 5.3.6.1 61

Sickness, motion (vibration) -------------------------- 5.8.4.1.1.4 177

Side tone, speaker --- --------------------------------- 5.3.11 65

Sights and reticles, i luminated ----------------------- 5.11.3.12 218

Sights, unstabilized/unsupported (magnification) -------- 5.11.3.4.2 216

Signal, audio displays ------------------------------- 5.3 55

aircrew stations ----------------------------------- 5.3.1.6 55

circuit test ---------------------------------------- 56.3.1.5 55
failure ------------------------------------------- 5.3.1.4 55

false alarms -------------------.------------------- 5.3,1.3 55
general ------------------------------------------. 3.1 55
signal type ----------------------------------------- 56.3.1.2 55
use ---- ----------------------------------------------- 5.3.1.1 55
use with several visual displays -------------------- 5.3.1.7 55

Signal. audio warnings --------------------------------- 5.3.2 55

caution signals -------------------------------------- 5.3.2.3 57

nature of signals --------------------------------- 5.3.2.2 57
relation to visual displays ------------------------- 5.3.2.4 57

single element signal ------------------------------ 5.3.2.2.2 57

two element signals ------------------------------- 5.3.2.2.1 57
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warning s ignals ................................ 5 .3 .2 .1 55
Signal characteristics, audio displays ------------------ 8.15.3.8.4 263
Signal characteristics in relation to operational

conditions and objectives ---------------------------- 5.3.4 58
alerting capability ------------------------------- 5.3.4.2 58
attention -------------------------------------------- 5.3.4.2.1 58

audibility --------------------------------------- 5.3.4.1 58
dichotic presentation ------------------------------- 5.3.4.2.3 58
headset ------------------------------------------ 5.3.4.2.4 58

onset and sound pressure level ---------------------- 5.3.4.2.2 58
Signal, compatibility -------------------------------- 5.3.4.4 59

acoustic environment ------------------------------- 5.3.4.4.2 60
existing signals ----------------------------------- 5.3.4.4.1 60

Signal, controls for audio warning devices -------------- 5.3.6 61
automatic or manual, volume control ------------------ 5.3.6.4.1 61
automatic or manual shutof ------------------------- 5.3.6.1 61
automatic reset ----------------------------------- 5.3..2 6
caution signal controls ----------------------------- 5.3.O.C.3 62
duration ----------------------------------------- 5.3.6.5 62
duration limits ------------------------------------ 5.3.6.8 82
ganjing to mode switches ---------------------------- 5.3.6.4.2 al
redundant visual warning ---------------------------- 5.3.0.3 61
volume control ------------------------------------- 5.3.6.4 a1

Signal, discriminability ------------------------------- 5.3.4.3 58
action segment --------------------------------------- 5.3.4.3.4 5
coding ----------------------------------------------- 5.3.4.3.2 59
critical signals ----------------------------------- 5.3.4.3.3 59
differentiation from routine signals ----------------- 5.3.4.3.5 59
prohibited types of signals ------------------------- 5.3.4.3.0 5
use of different characteristics -------------------- 5.3.4.3.1 58

Signal, masklng -------------------------------------- 5.3.4.5 80
other critical channels ----------------------------- 5.3.4.5.1 60
separate channels ---------------------------------- 5.3.4.5.2 80

Signal processing, speech (definition) ------------------ 3.63 1e
Signal

site, CRT ------------------------------------------- 5.2.4.1 44
turn, vehicles --------------------------------------- 5.12.9.3 231
warning, definition -------------------------------- 3.71 16

Signals, aircrew station, visual displays --------------- 5.2.1.4.13 32
Signals, characteristics of audio warning --------------- 5.3.3 57

compatibility with acoustical environment, intensity - 5.3.3.2.1 57
compatibility with clothing and equipment, intensity - 5.3.3.2.2 58
discomfort, Intensity ------------------------------ 5.3.3.2.3 58
frequency ------------------------------------------- 5.3.3.1 57
intensity ------------------------------------------- 5.3.3.2 57
range, frequency ----------------------------------- 5.3.3.1.1 57
spurious signals, frequency ------------------------ 5.3.3.1.2 57

Signals, faint (COT) ---------------------------------- 5.2.4.4 45
Signals, peak-clipping of speech ----------------------- 5.3.7.5 e2
Signals, verbal warning ------------------------------- 5.3.5 60
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critical warning signal; ----------------------------- 5.3.5.6.1 61
delivery style - 5.3.5.3.2 60-
intensity - 5.3.5.2 60
message catagories ................. 5.3.5.6 61
message content .................. 5.3.5.5 61
message priorities ............... 5.3.5.6.2 61
nature of signals 5.3.5.1 60
speech processing 5.3.5.4 60
type of voice -------------------------------------- 5.3.5.3.1 60
vocal criteria ------------------------------------ 5.3.5.3 60

Signs, design of label characters -- ----------- 5.5.5.4.4 123
Similar items, mounting ---------------------------------- 5.9.2.2 184
Simple indicator lights ------------------------------- 5.2.2.3 36

coding ------------------------------------------- 5.2.2.3.3 37
spacing ------------------------------------------ 5.2.2.3.2 37
use ---------- ----------------------------------- 5.2.2.3.1 37

Simple menus, menu selection --------------------------- 5.15.4.2.6 267
Simplicity

control and display labels ------------------------- 5.5.6.2.2 126
emergency evacuation ------------------------------- 5.14.4.1.1 243
interactive control -------------------------------- 5.15.4.1.2 204

Simplicity of design, general requirements ---------------4. 19
Simulated data, data protection

display of ----------------------------------------- 5.15.8.13,4 275
segregating real from ------------------------------ 5.15.8.13.3 275

Simultaneous access, control/display integration -------- 5.1.1.6 21
Simultaneous use, control/Oisplay integration -------- 5.1.2.3.3 2j
Single method of data entry ---------------------------- 5.!5.2.1.12 240
Single pictorial graphic panels. large ------------------ 5.2.2.4.2 37
Sit-stand consoles ------------------------------------ 5.7.6.3 150
Situation formats, pictorial/graphic (CRT displays) ----- 5.2.4.9 45
Size

binoculars/bioculars ------------------------------- 5.11.3.13.7 219
cases, design ---------------------------------------- 5.9.7,3 )86
changing, graphic displays -------------------------- 5.15.3.6.19 260
crank, tracking equipmant --------------------------- 5.11.2.2 216
label ----------------------------------------------- 5.5.5.14 124
load, design weight limits -------------------------- 5.9111.3.3 193
object carry ---------------------------------------- 5.9.11.3.7 194
projected data -------------------------------------- 5.2.6.6.4.2 51
signal, CRT ----------------------------------------- 5.2.4,1 44

Size-coding
controls -------------------------------------------- 5.4.1.4.3 71
key operated switches ------------------------------ 6 5.4.2.1.2.3 77

Size graduation, labels ------------------------------- 5.5.6.2.5 127
Skill levelq, compatibility with (interactive controls) - 5.15.4.1.4 265
Skills, accessibility --------------------------------- 5.9.4.7 185
Slide switch controls --------------------------------- 5.4.3.1.7 go

accidental actuation ------------------------------- 5.4.3.1.7.2 99
dimensions, resistance, and separation --------------- 5.4.3.1.7.3 99
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orientation .............- 5.4.3.1.7.4 101
positive indica'ton --------------- ------------------- 5.4.3.1.7.5 101
use -------------------------------------------------- 5.4.3.1.7.1 99

Slides, mounting ---------------------------------------- 5.9.12.6 205
Slope, keyboard -------------------------------------- 5.4.3.1.3.4 94
Small office spaces/special areas, acoustical noise .....- 5.8.3.3.4 175
Small systems and equipment --------------------------- 5.11 213
Smudging/smearing, plotters and recorders --------------- 5.2.6.4.6 49
Snagging and inadvertant contact, push-pull controls ---- 5.4.3.1.8.5 101
Snap action

counters ----------------------------------------- 5.2.6.2.4 47
flags ----------------------------------------------- 5.2.6.5.3 49

Software-availabl, data, data entry -------------------- 5.15.2.1.6 248
Software checks, internal (error mangement) ------------- 5.15.8.3 273
Sound pressure level (SPL), definition ----------------- 3.58 15
Sound pressure level, audio waning signals ------------- 5.3.4.2.2 58
Source document capability, question and answer --------- 5.15.4.6.4 270
Source documents, definition --------------------------- 3.59 15
Space, aerospace vehicles

dimensions ------------------------------------------- 5.14.2.3 241
layout for shared work space ----------------------- 5.14.2.2 240
personal equipment, tunnels ------------------------- 5.14.3.3.2 242

Space, workapac. design
between rows of cabinets ---------------------------- 5.7.1.3.3 145
kick ------------------------------------------------ 5.7.1.1 145
lateral work ---------------------------------------- 5.7.1,3.2 145
storage --------------------------------------------- 5.7.1.3.4 145
work --------------------------------------------- 5.7.1.3 145

Spacing
bar, bar graphs ------------------------------------- 5.15,3.6.30.1 261
between controls ----------------------------------- 5.4.1.3.7 6e
between numerals, counters -------------------------- 5.2.6.2.3 47
character, labels ---------------------------------- 5.5.5.11 124
column, consistent (tabular data) ------------------- 5.15.3.5.12 258
connectors ----------------------------------------- 5.9.14.8 207
line, labels ---------------------------------------- 5 .5.5.13 124
simple indicator lights ----------------------------- 5.2.2.3.2 37
word, labels --------------------------------------- 5.5.S.12 124

Spare tires, vehicle ---------------------------------- 5.12.9.2.2 231
Speaker/side tone ------------------------------------- 5.3.11 65
Speaker to listner distance, versus noise level --------- 5.8.3.3 175
Speakers, monitoring ---------------------------------- 5.3.8.2.1 63
Special

areas/small Office spaces, acoustical noise ---------- 5.8.3.3.4 175
equipment placards --------------------------------- 5.13.2.4 233
populations, anthroposetric data -------------------- 5.6.4 143
tools, accessibility ------------------------------- 5.9.1.2 183
tools, definition ---------------------------------- 3.60 15

Special-purpose console desiSn ------------------------ 5.7.6 153
dimensions ------------------------------------------ 5.7.6,1.4 153
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d i m e n s i o n s ( v i s i o n o v e r t h e t o p ) --------- ------ -----5 .7 .8 .1 .3 1 5 3 4
height -------------------------------------------------- 5.7.6.2.2 15Z

horizontal wrap-around 5.7.6.1 153

pa n e l an g le .... ... ... ..... .... ..... 5 .7 .6 .1 .2 153

panel divinion - 5.7.6.2.1 156

panel width ------------------------------------------ 5.7.6.1.1 153

sit-stand console ---------------------------------- 5.7.6.3 156

viewing angle ------------------------------------- 5.7.6.1.5 156

vortical/stacked segments -------------------------- 5.7.6.2 156

Specifications -------------------------------------- 2.1 3

Spectrum, speech (definition) -------------------------- 3.64 16

Speech intelligibility --------------------------------- 5,3.12 65

criteria ----------------------------------------- 5.3.12.2 65
definition ---------------------------------. 1 15
general ---------------------- -------------------- 5.3.12.1 65

Speech interference level (SIL), definition ------------ 3.62 15

Speech processing. verbal warning signals --------------- 5.3.5.4 60

Speech reception equipment ---------------------------- 5.3.8 63

filtering---------------------------------------- 5.3.0.2.2 63

frequency rang ------------------------------------ 5.3.8.1 63

headsets ----------------------------------------- 5.3.8.4 63

loudspeakers for multi-channel monitoring ------------ 5.3.8.2 63

monitoring of speakers ................. - 5.3.8.2.1 63

use of do-emphasis -------------------------------- 5.3.8.3 03

Speech signal processing, definition ------------------- 3.63 16

Speech signals, peak-clipping (definition) ----------- 3.51 14

Speech spectrum, definition -------- ---------------- 84

Speech-to-noise ratio, definition ---------------------- 3.85 16

Speech transmission equipment ------------------------- 5.3.7 62

dynamic ran -------------------------------------- 5.3.7.2 02

frequency ------------------------------------------- 5.3.7.1 62

noise cancelling microphones ------------------------ 5.3.7.3 62

noise shields ------------------------------ 5.3.7. 62

peak-clipping of speach signals -. . ..----------------- 5.3.7.5 62

pre-emphasis -------------------------------------- 5.3.7.4 62

Speed notice, operating instructions ------------------- 5.12.4.3 227

Spelling errors, error management ---------------------- 5.15.8.r 274

Spinner handle, handwheels ----------------------------- 5.4.2.2.5.3 86

Spurious signals, audio warning signals ----------------- 5.3.3.1.2 57

Squelch control, voice communication equipment --------- 5.3.10.2 64

Stacked commands, errors (error management) ------------- 5.15.8.10 274

Stacked/vertical segments, special-purpose consol design 5.7.6.2 156

Stacking avoidance, mounting --------------------------- 5.9.2.1 184
Stair-ladders --------------------------------------- 5.7.7.3 156
Stair dimensions ------------------------------------- 5.7.7.2 156
Stairg

aerospace vehicles --------------------------------- 5.14.3.5 243
workspace design ---------------------------------- 5.7.7.2 156

hazards and safety -------------------------------- 5.13.4.3 234

Stairs, stair-ladders, fixed-ladders, and ramps --------- 5.-.7 11.
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cleating .....- 6.7.7.5.1 15
elevators, inclinators, and hydraulic-operated work
platform ---------------------------------------- 5.7.7.7 is
fixed-ladders ------------------------------------- 5.7.7.4 15
geseral criteria ---------------------------------- 5.7.7.1 1
handrails and guardrails --------------------------- 5.7.7.1.3 15
mixed traffic ------------------------------------- 5.7.7.5.2 15
personnel platforms and work areas ------------------ 5.7.7.6 1!
provision for hand-carrying equipment ---------------- 5.7.7.1.2 1!
ramps -------------------------------------------- 5.7.7.5 1!
selection ------------------------------------------- 5.7.7.1.1 1!
stair-ladders ---------------------------------------- 5.7.7.3 1E
stairs ------------------------------------------- 5.7.7.2 1!

Stairway illumination, safety ----------------.--------- 5.13.4.5 22
Standard action to request HELP ------------------------ 5.15.8.12.1 21
Standard console design ------------------------------- 5.7.5 1!

configuration ------------ ------------------------- 5.7.5.2 1!
console selection --------------------------------- 5.7.5.4 1!
dimensions ------------------------------------------ 5.7.5.1 1!
variables -------------------------------------------- 5.7.5.3 1!

Standard
display, prompts ------------------------------------ 5.15.0.2 21
formAts, tabular data ------------------------------ 5.15.3.5.2 2!
pro'cedures, user-computer interface ----------------- 5.15.1.1 24
techniques for comand editing, command language ----- 5.15.4.5.11 2'
tools, definition ----------------------------------- 3.060 Standardization
coding ---------------------------------------------- 5.2.1.5.3
command language, interactive control ---------------- 5.15.4.5.0 21
desiln for saintainer -------------------------- 5, . 1
display content ------------------------------------ 5.15.3.2.1 21
fixed function keys, data entry --------------------- 5.15.2.3.2 2!
general requiremnts --------------------------------- 4.2
labeling-------------------------------------------- 5.5.2.3 V
lifting aids ---------------------------------------- 5.11.1.2.6 2
small systems and equipment ------------------------- 5.11.1.1.5 2

Standards ---------------------------------------------- 2.1
Stand-by, feedback -------------------------------------- 5,15.5.2 2'
Standing body dimensions, anthropometric data ----------- 5,0.2 11
Standing operations, aerospace vehicles ---------------- 5.14.2.2.4 2
Standing operations, workspace design ------------------ 5.7.2 1

control placement, normal -------------------------- 5.7.2.4 1
control placement, special ------------------------- 5.7,2.5 1
display placement, normal --------------------------- 5.7.2.2 1
display placement. special -------------------------- 5.7.2.Z 1
work surface ---------------------------------------- 5.7.2.1 1

Stands --------------------------------------------- 5.9.11.1 1
Starting point, numerals (scale indicators) -----------.. 5.2.3.1.6.2
Stations

aircrew, aeronautical ------------------------------- 5.14.2.1 2
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aircrew. audio didplays - 5.3.1.6 55d
crew, aerospace vehicle design 5.14.2 2404

Status display, variable function keys ----------------- 5.15.2.4.2 251
Steering

controls ----------------------------------------- 5.12.3.2 223
power failure ------------------------------------- 5.4.2.2.5.7 88
ratio -------------------------------------------- 5.4.2.2.5.8 88wheel shape --------------------------------------- 5.4.2.2.5.6 88

Sterao viewing, remote handling equipment --------------- 5.10.4.7 212
Stops

controls -------------------------------------------- 5.4.1.1.5 67limit racks and drawers --------------------------- 5,0.12.7 205
Storage and retrieval, graphic displays ----------------- 5.15.3.6.13 259
Storage space, workspace design ------------------------ 5.7.1.3.4 145
Storage, test equipment-------------------------------. 9.1.1 208
Stored message form. data and message traaamiasson .....- 5.15.11.5 277
Strength

arin. hand, and thumb-finger ------------------------- 5.4.4.2 116
leg ------------------------------------------------- 5.4.4.3 120

Streamers, oafety
ejection systems ---------------------------------- 5.14.4.3.5 245general equipment-related --------------------------- 5.13.5.5 235

String
definition ---------------------------------- .------- 3.7 l
search. text/program editing ------------------------ 5.15.3.7.7 262

Stroke width, design of label characters
dark adaptation ------------------------------------ 5.5.5.9 121
normel ---------------------------------------------- 5.5.5.8 12transilluminated charaoters ------------------------- 5.5.5.10 124

Structural member. acceshibillty --------- - --- mw..---- 59.4, 185
Style

knob ------------------------------------------------- 5.4.2.2.1.3 81labels --------------------------------------------- 5.5.5.3 123
projected data ------------------------------------ 5.2.6.6.4.1 51

Subassemblies, eqiipsent .tbeling ----------------------.. . .5,.1 12C
Subject tera (key word) listing ------------------------ 8.3 279
Substitution, default --------------------------------- 5.15.7.3 273
Supplementary verbal labels, graphic interaction -------- 5.15.4.8.3 271
Support

limb, ball control ---------------------------------- 5,4.3.2.4.3 I1
limb. levers --------------------------------------- 5.4.3.2.1.4 105
traoking. hand, wrLst or forearm -------------------- 5.11.2.4 216

Supportive function - audio, audio displays -------------- 515.3.8.3 263
Surface

colors -------------------------------------------5.7. 163
grasp ----------------------------------------------- 5.9.11.5.4 203
pedal, non-slip ------------------------------------ 5.4.3.2.8.6 116work. height (seated operations) --------------------- 5.7.3.2 146
work, standing operations ---------------------------- 5.7.2.1 145
work, width and depth (seated operations) ------------ 5.7.3.1 146
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writing (seated operations) ................... ------. 5.7.3.3 146
Surface colors, workspace design ------------------------ 5.7.9 163

Air Force - 5.7.9.3 163
Army ......- 5.7.9.1 163
Navy ...............- - 5.7.9.2 163

Surface dimensions. body (anthropometric data) ---------- 5.6.2 129
Surface, hand and foot (inclines and stairs and ladders) 5.14.3.5.2 243
Surfaces

adjacent, CRT displays ------------------------------- 5.2.4.8 45
luminance range of adjacent, CRT displays ------------ 5.2.4.5 45

Survival requirements, ejection systems ----------------- 5.14.4.3.7 245
Susceptability to abuse, conductors --------------------- 5.9.13.6 206
Switch

foot-operkted ---------------------------------------- 5.4.3.1.2 86
key operated ----------------------------------------- 5.4.2.1.2 75
legend ---------------------------------------------- 5,4.3.1.5 97
printed circuit controls ----------------------------- 5.4.3.1.9 104
rocker ----------------------------------------------- 5.4.3.1.6 97
rotary stloctor -------------------------------------- 5.4.2.1.1 74
slide controls --------------------------------------- 5.4.3.1.7 9g
toggle controls -------------------------------------- 5.4.3.1.4 94

Symbol
brightness, hoad-up displays ------------------------- 5,14.1.1,5.2 230
definition, dot matrix/segmentod displays ------------ 5.2.6.8.3 52
display coding --------------------------------------- 5,15,3.3.6 256
electrolusineecent displays -------------------------- 5.2.6.9.2 53
line width, head-up displays ------------------------ 5.14.1.1.5.6 240
pictorial, graphic displays ------------------------- 5.15.3.6.24 260
sites, dot matrix/segmented displays ---------------- 5,2.08.4 52
special, display coding .. ... ....-------------------- 5.15.3.3.6.1 256

Symbology. coding (visual displays) ---------------- 5.2.1.5.4 32
System

number. interactive control ------------------------- 5.15.4.1.10 265
response time ------------------------------------- ..... is 275
status. uer-computer Interface --------------------- 5.15.1.4 247

Systems. election (aerospace vehicles) ------------------ 5.14.4.3 244
Systems and equipment, small --------------------------- 5.11 213

T

Tab controls. text/program editing --------------------- 5.15.3.7.4,3 261
Tabular data. data display ----------------------------- 5.15.3.5 257

alphanuleric grouping ----------------------------- 5,15.3.5.8 258
arabic numerals --------------------------------------- 5.15.3.5.6.4 257
arrangement ----------------------------------------- 5.15.3.5.3 257
column scanning cues --------------------------------- 5.15.3.5.13 258
consistent column spacing --------------------------- 5.15.3.5.12 258
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distinctive and informative labels ------------------- 5.15.3.5.9 258A
hierarchic structure for long lists ------------------ 5.15.3.5.6.6 2!7M
horizontal extension ------------------------------ 5.15.3.5.5 257
justification of numeric entry ---------------------- 5.15.3.5.10 258
labeling units of measurement ------------------------ 5.15.3.5.11 258
lists ------------------------------------------------ 5.15.3.5.6 257
list lines ------------------------------------------- 5.15.3.5.6.1 257
marking multiline items in a list -------------------- 5.15.3.5.6.3 257
numeric punctuation ---------------------------------- 5.15.3.5.7 257
row scanning cues ------------------------------------ 5.15.3.5.14 258
standard formats ------------------------------------- 5.15.3.5.2 257
titles ------------------------------------------- 5.15.3.5.4 257
use --------------------------------------------- 5.15.3.5.1 257
vertical extension -------------------------------- 5.15.3.5.6.2 257
vertical ordering iin multiple columns---------------...515.3.5.0.5 257

Take-up device, plotters and recorders ------------- 5.2.6.4.4 49
Take-up provision, printers --------------------------- 5.2.0.3.5 48
Tap. displays, moving (moving scale indicators) -....--- 5.2.3.3.6 44
Tapeu. printed (tape displays) ------------------------- 5.2.0.3.8 48
Task-oriented wording. interactive'control .------------- 515.4,7.4 270
Techniques

command editing. standard (command language) --------- 5.15.4,5.11 270
coding, visual displays --------------------- ------- 5.2.1,5.2 32

Telescoping ladders, mechanical hazards ----------------- 5.13,7.2.2 238
Temperature uniformity --------------------------------- 5.8.1.5 167
Teruinals. battery (automotive subsystems) -------------- 5,12.9.1.4 23
Terminology. consistent (prompts) ---------------------- 5.15.8 27
Terax, equipment labeling ------------------------------ 5,6.1.3 126
Teat. circuit (audio displays) ------------------------- 5.3.1.5 55
Tet equipment. aceessibility -------------------- 5.9,4.3 108
Test equipment, design for maintAivner ------------------ 5.9. 10 208

instructions .. .. .....-------------- ----------------------- 5.. 16.2 208
storage -------------------------------------------- s5,91o, 208

Test points, design for maintainer --------------------- 5.9.15 207
adjustment ---------------------------------------. 151 207
marking and color coding ---------------------------- 5.9.15.3 20e
trouble-shooting --------------------------.-------- 5.9.15.2 207

Teat provision, flags --------------------------------.. 5.2.6..7 s0
Testing

dot matrix/segmented displays ----------------------- 5.2.6,0.2 53
lamp, LEDs ------------------------------------------ 5.2.6.7.5 52
lamp. transllluminated displays --------------------- 5.2.2.1.14 34

Testing and servicing. connectors ---------------------- 5.9.14.9 207
Text

displayed as printed, text/program editing ----------- 5.15.3.7.12 262
edit commands. text/program editing ----------------- 5,15.3,7.4.1 261
entry, definition ---------------------------------- 3.68 16

Text/progras editing, data display --------------------- 5.15.3.7 261
automatic line break -------------------------------- 5.15.3.7.a 2P2
bufter------------------------------------------- 5,15.3,7.1 261
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control annotations - 5.15.3.7.13 2M2
control entries 5.15.3.7.5 262
display window ------------------------------------ 5.15.3.7.3 261
editing commands ---------------------------------- 5.15.3.7.4 261
flexible printing optior --------------------------- 5.15.3.7.14 262
format control ------------------------------------ 5.15.3.7.9 262
frequently used text ------------------------------- 5.15.3.7.11 262
head- and foot-of file ------------------------------ 5.15.3.7.15 203
highlighted text ---------------------------------- 5.15.3.7.6 262
predefined formats --------------------------------- 5.15.3.7.10 202
program edit coands -..............---------------- 5.15.3.7.4.2 261
presentation mode ---------------------------------- 5.15.3.7.2 261
string search --------------------------------------- 5.15.3,7.7 202
tab control --------------------------------------- 5.15.3.7.4.3 261
text displayed as printed -------------------------- 5.15.3.7.12 262
text edit coands --------------------------------- 5.15.3.7.4.1 201

Thermal
contact hazards ------------------------------------ 5.13.4.6 234
control, personal equipment ------------------------- 5.8.1.6 167
tolerance and comfort zones -------------- 5.8.1.7 169

tolerance zones, limited ---------------------------- 5.8.1.8 169
Thickness. lines (reticles) ---------------------------- 5.11.31.1 21
Threats to security, warnings of (data protection) ------ 5.15.8.13.2 275
Threshold viewing. illumafnrtion for -------------------- 5.10.5.2 212
Thumb-tinger strength, high-force controls --------------. 4.4.2 161
Thumbwheel control, continuous adjustment -------------- 5.4.2.2.3 84

dimensions, separation and relistance ---------------- 5.4.2.2.3.4 84
labeling and visibility ------------------------------ 5.4.2.2.3.5 84
OFF poeition ---------------------------------------- 5.4.2.2.3,6 84
orientation and movement --------------------------- 5.4.2.2.3.2 04
turning aid# ---------------------------------------- 5.4.2.2.3.3 84
use .*w -w ----- w --w --------w --w -------------------- S.4.2.2.3.1 84

Tbuahwb..l control. 4iscrete --------------------------- 5.4.2.1.3 77
application --------------------.------------------- 5.4,2.1.3.1 77
coding ----------------------------------------------- 5.4.2.1.3.3 70
dimensions -------........------------------------ --- 5.4.2.1.3.7 79
direetion of moveuent..------------------------------ 5.4,2.1.3.4 79
external illuminance ------------------------------- 5.4.2.1.3.5.2 79
internal illuxinanee ------------------------------- 5.4.2.1.3,5.1 79
numerals ------------------------------------------ 5.4.2.1.3.5 79
resistance ---------------------- ----------------- 5.421.3.8 79
separation ------------------------------------------ 5.4.2.1.3.9 T9
shape ------------------------------------------------ 5.4.2.1.3.2 77
visibility ------------------------------------------ 5.4.2.1.3.6 79

Tie downs. trailerv ---------------------------------- 5.12.7.1.3 229

evacuation, es,*"geny eveuation -------------------- 5.14.4.1.2 243
lag., control/displaY integration ------------------ 5.1,3.2 23
minimization of. control display movement ratio ------ 5.1.4.1 24
reverberation, reduction of ------------------------- 5.8.3.4.3 177
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response, interactive control ----------------------- 5.15.4.1.1 26$

response, induced keyboard lockout ------------------ 5.15.4.1.1.1 26
system response, user-computer interface ------------- 5.15.9 275

Time-consuming processes, feedback --------------------- 5.15.5.9 272
Timeliness, information (visual displays) --------------- 5.2.1.3.10 28
Timely display, keyboard -------------------------------- 5.15.2.2.3 250
Tip configuration, pointers --------------------------- 5.2.3.1.7.2 39
Tires, automotive subsystems -------------------------- 5.12.9.2 231

dual tires --------------------------------------- 5.12.9.2.1 231
spare tires -------------------------------------- 5.12.9.2.2 231

Title, display (display format) ------------------------ 5.15.3.1.9.1 253
Titles

menu selection -------------------------------------- 5.15.4.2.2.2 266
tabular data ---------------------------------------- 5.15.3.5.4 257

Titles and labelg, display format ---------------------- 5,15.3.1.9 253
Toggle switch controls ------------------------------- 5.4.3.1.4 94

accidental actuation -------------------------------- 5.4.3.1.4.2 94
dimensions, resistance, displacement, and separation - 5.4.3.1.4,3 94
orientation -------------------------------------- 5.4.3.1.4.5 97
positive indication ------------------------------ 5.4.3.1.4.4 94
use .--------------------------------------------- 5.4.3.1.4.1 94

Tolerance, thermal ----------------------------------- 5.8.1.7 169
Tongue-and-slot catches ------------------------...------- 59.10.2 191
Tool access dimensions, accessibility ------------------ 5.9.9.5.1.3 187
Tools

hand. electrically-operated (electrical hazards) ----- 5.13.7.1.6 23
insulation of, electrical hazards------------------ 5.13.7.1.1
mounting of field removable items ------------------- 5.9.12.2 20
special, definition -------------------------------- 3.60 15
special, design for maintaitier ----------------------- 5.0.1.2 183
special, placards --------------------------------- 5.13.2.4 233
standard, definition -------------------------------- 3.88 16
tse .-------------------------------------------------- 5.9.4.3 185

Torque
faitners, high -------------------------------------- 5.9,10.5.1 191
fastners, low --------------------------------------- 5.9.10,2 191
knobs ----------------------------------------------- 5.4.2.2.1.2 81
labeling -.----------------------------------------- 5.9.10.6 192

Touch-screen controls for displays --------------------- 5.4.6 119
dimensions and separation --------------------------- 5.4.6.4 119
luminance transmission ------------------------------ 5.4.6.2 119
positive indication -------------------------------- 5.4.6.3 119
resistance ------------------------------------------ 5.4.6,5 120
use ------------------------------------------------- 5.4.6.1 119

Toxic hazards ------------------------------------------ 5.13.7.4 237
carbon monoxide ------------------------------------- 5.13.7.4.2 237
general --------------------------------------------- 5.13.7.4.1 237
radiation ------------------------------------------- 5.13.7.4.3 237

Tracking, moving scale indicators ---------------------- 5.2.3.3.5 44

Tracking, small systems and equipment ------------------ 5.11.2 215
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0 compatibility - 5.11.2.5 216
crank size ....................-....... 5,11.2.2 216
gunner environment ......- 5.11.2.1 216
supports --------------------------------------- ------ 5.11.2.4 216
two-dimensional tracking -------------- 5.1-..3 216

Traffic, mixed (ramps) ------------------------------- 5.7.7.5.2 159
Trailers -------------------------------------------- 5.12.7.1 229

brake controls --------------------------------------- 5.12.7.1.1 229
landing gear lock --------------------------------- 5.12.7.1.4 229
positioning controls --------------------------------- 5.12.7.1.2 229
tie-downs ---------------------------------------- 5.12.7.1.3 229

Trailers, vans, and intervehicular connections ---------- 5.12.7 229
Transaction, definition --------------------------------- 3.69 16
Transilluminated characters, stroke width (labeling) ---- 5.5.5.10 124
Transilluminated displays ----------------------------- 5.2.2 32

color coding ---------------------------------------- 5.2.2.1.18 35
contrast within the indicator ----------------------- 5.2.2.1.12 34
equipment response --------------------------------- 5.2.2.1.2 33
false indication or obscuration --------------------- 5.2.2.1.11 34
flashing lights ------------------------------------ 5.2.2.1.19 35
general --------------------------------------------- 5.2.2.1 33
grouping ----------------------------------------- 5.2.2.1.5 33
indicator covers --------------------------------- 5.2.2.1.17 35
information ------------------------------- 5.2.2.1.3l 33
lamp redundancy ----------------------------------- 5.2.2.1.13 34
lamp removal, method ------------------------------- 5.2,2.1.15 35
lamp removal, safety ------------------------------- 5.2.2.1.16 35
lamp testing ---------------------------------------- 5.2.2.1,14 34
location ----------------------------------------- 5.2.2.1.6 33
location, critical functions ------------------------ 5.2.2.1.7 33
luminance---------------------------------------- 5,2.2.1.0 34
luminance control ---------------------------------- 5.2.2.1.10 34
maintenance displays ------------------------------- 5.2.2.1.8 34
positive feedback --------------------------------- 5,2.2.1.4 33
use -------------------------------------------------- 5.2.2.1.1 33

Tranfilluminated panel assemblies ----------------------5 .2.2.4 37
brightness---------------------------------------- 5.2.2.4.4 37
large, single pictorial graphic panels --------------- 5.2.2.4.2 37
re-lamping --------------------------------------- 5.2.2.4.3 37

----------- ----------------------- 5.2,2.4.1 37
Tranillumination, definition -------------------------- 3.70 16
Transmission

data and messages, user-computer interface ----------- 5.15.11 277
dilferences, luminous (binocular/biocular) ----------- 5.11.3.13.4 219
equipment, speech ------------------------------------ 5,3.7 62
luminous, optical quality --------------------------- 5.11.3.10.2 218

Transportability by personnel, small systems/equipment -- 5.11.1.2 215
Travel path, pedal ---------------.-------------------- 5.4.3.2.8.4 116
Trend lines, graphic displays .------------------------- 5.15,3.6.5 258
Trouble-shooting, test points-------------------------- 5.9.15.2 207
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Tube, cathode ray (CRT) displays --------------------- 5.2.4 44
Tube line identification, safety labels and placards 5.13.3 233
Tunnels, personnel ingress and egress ------------------ 5.14.3.3 242

diameter ----------------------------------------- 5.14.3.3.1 242
personal equipment space ---------------------------- 5.14.3.3.2 242

Turning aids
continuouS adjustment thumbwheel controls ------------ 5.4.2.2.3.3 84
handwheels --------------------------------------- 5.4.2.2.5.2 86

Turn signals, automotive subsystems -------------------- 5.12.9.3 231

Turns. number of (fasteners) -------------------------- 5.9.10.6 192

Two-dimensional tracking, small systems and equipment --- 5.11.2.3 218
Two element signal. audio displays --------------------- 5.3.2.2.1 57

Two person carry, portability ------------------------- 5.11.1.1.4 213

Type, signal (audio displays) ------------------------- 5.3.1.2 55
Type of

information, scale indicators ----------------------- 5.2.3.1.3 39

opening, physical access ---------------------------- 5.09..5.1.6 190
voice, vocal criteria ------------------------------ 5,3.5.3.1 60

Types, other visual displays -------------------------- 5.2.6.1.1 47

Types of scale indicators ----------------------------- 5.2.3.1.1 39

U

Underlining, display coding --------------------------- 5.15.3.3,5 255
Underscores, unused (form filling) --------------------- 5.15.4.3.9 268
Uniformity

illuminated sights and reticles --------------------- 5.11.3.12.5 218
temperature, environment ------------------------------- 5..1.5 167

Unit design for efficient handling --------------------- 59.11 192
catrying frequency -------------------------------- 5.0.11.3.6 194
carrying limits ------------------------------------... 0.11.3.5 194
extensions --------------------------------------- 5..11.2 192
horizontal ---------------------------------------- 5.9.11.4.1 194
labeling ----------------------------------------- 5.9,11.3.0 194
lifting frequency --------------------------------- 5.9.11.3.2 193
lifting limits ------------------------------------ 5.9.11.3.1 192
load size ----------------------------------------- 5.9.11.3.3 193
object carry sie .----------------------------------- 5.0.11.3.? 104
obstacles ---------------------------------------- 5.9.11.3.4 193
push and pull forces ------------------------------- 5.9.114 194
rests and stands ---------------------------------- 5..11.1 192
user population ------------------------------------ 5.0.11.3.8 194
vertical ----------------------------------------- 5.0.11.4.2 195
weight ------------------------------------------- 5.9.11.3 192

Units, assemblies, subassemblies and parts, (labeling) -- 5.5.6.1 124
general requirements -------------------------------. 5.6.1.1 124
location ----------------------------------------- 5.56.1.2 124
other criteria -------------------------------------- !.5 6.1.4 126
terms --------------------------------------------. 5. 3 126

Unite, mounting of itemg within ------------------------- 5.9.2 184
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Units of measurement, labeling (tabular data) - 5.15.351 258
Unobstructed vision (windows, canopies, and windshields) 5.141.1.4 239
Unobtrusive grids, graphic dispiays - ............. 5.15.3.8.28 281
Unrelated markings, visual displays -------------------- 5.2.1.3.8 28
Unstabilized, unsupported handheld sights --------------- 5.11.3.4.2 216
Update rat*, dynamic displays ------------------------- 5.15.3.4.2 256
Usable form, readily (display format) ------------------ 5.15.3.1.3 252
Use

audio diplays ------------------------------- 5.3.1.1 55
ball control -------------------------------------- 5.4.3.2.4.1 111
coding, scale indicators ---------------------------- 5.2.3.1.10.1 41
command language, interactive control ---------------- 5.15.4.5.1 209
counters -------------------------------------------- 5.2.8.2.1 47
cranks ---------------------------------------------- 5.4.2.2.4.1 84
directional controllers, data entry ----------------- 5.15.2.6.1 252
display coding, data display ------------------------ 5.15.3.3.1 255
dot matrix/segmented displays ----------------------- 5.2.6.8.2 52
ilectroluminescent displays ------------------------- 5.2.6.9.1 53
feedback, user-computa, interface ------------------- 5.15.5.1 271
filters, light --------------------------------------- 5.11.3.15,1.2 210
fixed function keys, data entry --------------------- 5.15.2.3.1 250
flags ---------------------------------------------- 5.2.6.5.1 49
foot-operated controls ------------------------------. 4.1.8..1 73
loot-operated switches ------------------------------ 5.4.3.1.2.1 88
torm filling, interactive control ------------------- 5.15.4.3.A 267
frequency of, visual displays ----------------------- 6.2.1.4.8 29
graphic displays, data display ----------------------. 153.8.1 258
graphic interaction, interactive control ------------- 5,15.4.8.1 271
handwbee ------------------------------------------- 5.4.2.2.5.1 80
high-force controls -------------------------------- 5.4.4.1 11
key operated switohes (KOS) ------------------------- 5.4.2.1.2.1 75
keyboard# ----------------------------------------- 5.4.3.1.3.1 92
knobs ----------------------------------------------- 5,4.2.2,1.i 81
large-screen displays ------------------------------- 5.2.5.1 46
large screen optical projection displays ------------- 5.2.6.6.1 s0
legend lights -------------------------------------- 5.22.2.1 36
levers ----------------------------------------------- 5.4.3.2.1.1 105
light emitting diodes (LEDs) ------------------------ 5.2.6.7.2 52
light pen, continuous adjustment linear controls ----- 5.4.3.2.'i.1 114
ligbtpen, data entry ------------------------------- 5.15.2.5.1 251
menu selection, interactive control ------------------ 5.15.4.2.1 206
miniture controls ---------------------------------- 5.4.5.1 120
pedals ---------------------------------------------- 5.4.3.2.8.1 114
plotters and recorders ------------------------------ 5.2.0.4.1 48
printed circuit (PC) switch controls ---------------- 5.4.3.1.0.1 104
printers -------------------------------------------- 5,2.6.3.1 48
prompts, user-coaputer interface -------------------- 5.15.8.1 272
push buttons -------------------------------------- 5.4.3.1.1.1 8B
query language, interactive control ----------------- 5.15.4.7.1 270
question and answer, interactive control ------------- 5.15.4..1 270
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rocker switches - 5.4.3.1.6.1 97
rotary selector switches - 5.4.2.1.1.1 74
scale indicators ...........- 5.2.3.1.2 39
simple indicator lights ---------------------------- 5.2.2.3.1 37
slide switch controls ------------------------------ 5.4.3.1.7.1 99
thumbwheel controls, continuous adjustment ----------- 5.4.2.2.3.1 84
toggle switch controls ------------------------------ 5.4.3.1.4.1 94
touch-screen controls for displays ------------------ 5.4.6.1 119
transilluminated displays -------------------------- 5.2.2.1.1 33
transilluminated panel assemblies ------------------- 5.2.2.4.1 37
variable function keys, data entry ------------------ 5.15.2.4.1 251

Use of data, anthropometry ---------------------------- 5.8:3 143
adjustable dimensions ------------------------------ 5.6.3.4 143
clearance dimensions ------------------------------- 5.8.3.2 143
clothing and personal equipment --------------------- 5..3.5 143
data limitations ---------------------------------- 5..3.1 143
limiting dimensions .-------------------------------- 5.8.3.3 143

Use of
do-emphasis, multi-channel monitoring ---------------- 5.3.8.3 63
different characteristics, audio signals ------------- 5.3.4.3.1 58
quick disconnect plugs. connectors ------------------ 5.9.14.1 206
tools and test equipment, acceuslbillty -------------- 5.9.4.3 185
upper sse, dot matrix/segmented displays ------------ 5.2.0.8.5 52

Use, specific
finger operated displacement Joysticks --------------- 5.4.3.2.2.2.1 108
finger operated isometric joysticks ----------------- 5.4.3.2.3.2.1 I109
hand operated displacement Joysticks ------------ 5.4.3,2.2.1.1 107
band operated isometric Joystick .------------------- ,4.3.2.3.1.1 10
thumbtip/fingertip operated displacement Joysticks --- 5.4.3.2.2.3.1 104
thuebtip/flingertip operated isometric joysticks .------ 5.4.3.2.3.3.1 109

Use with several visual displays, audio displays .-------- 5.3.1.7 55
user

definition of macro oowands, coL .nd language --------5.15.4.5.10 269
identification, data protection --------------------- 5.15.8.13.6 275
input rejection, feedback ------------------------ -- 211
memoriwation, interactive control ------------------ 5.15,4.1.8 266
minimum memory load on, data and message transmission 5.15.11.3 277
omissions, form filling ----------------------------- 5.15.4,3.11 268
pacing-manual, data entry --------------------------- 5.15.2.1.1 248
population, design meight limits --------------------...0.11.3.8 104
selection, defaults --------------------------------- 5,15.7.2 273
viewpoint, command language ------------------------- 5.15.4.5.2 260

User-computer interface -------------------------------- 5,15 247
automatic log-on display ---------------------------. 15.1.5.1 247
coputer response ----------------------------------- 5.15.1.2 247
general --------------------------------------------- 5.15.1 247
log-off procedures ---------------------------------- 5.15.1.6 247
log-on delay ---------------------------------------- 5.15.1.5.3 247
log-on feedback ------------------------------------ 6.15.1.5.2 247
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log-on procedures ------------------------------------ 5.15.1.5 247
on-line guidance ------------------------------------- 5,15.1.3 247
standard procedures -------------------------------- 5.15.1.1 247
system status ------------------------------------- 515.1.4 247

Uses, audio displays (user-computer interface) ---------- 5.15.3.8.1 263

V

Validation, data entry ------------------------------- 5.15.2.1.5 248
Valve controls --------------------------------------- 5.4.1.2.4 67
Valves, drain (automotive subsystems) ------------------- 5.12.9 230
Vans, vehicles ----------------------------------------- 5.12.7.2 229
Variable function keys, data entry--------------------- 5.15.2.4 251

easy return to base-level functions ----------------- 5.15.2.4.6 251
relabeling --------------------------------------- 5.15.2.4.4 251
reprogramable or inactive default functions -------- 5.15.2.4.3 251
shifted characters ---------------------------------- 5.15.2.4.5 251
status display ------------------------------------- 5.15.2.4.2 251
use --------------------------------------- 5.15.2.4.1 251

Variable gravity, effects of (aerospace vehicle design) - 5.14.2.2.5 240
Variables, standard console design ------------------- 5.7.5.3 153
Vehicle batteries, electrical hazards ------------------ 5.13.7.1.8 236
Vehicle €ompartuentg, aerospace - 5.14 230
Vehicles, operational and maintenance ground/shipboard -- 5.12 223

automotive subsystems ------------------------------ 512.9 230
controls ------------------------------------------- 5.12.3 223
cranes, material handling and construction ----------- 5.12.8 220
fork lifts ------------------------------------------- 5.12.8 229
general ---------------------------------------- 5.12.1 223
heating and ventilation ------------------------ 5.12.0 228
operating instructions----------------------------- 5.12.4 227
operator's seat. dimensions ------------------------- 5 .12.2.1 223
seating ------------------------------------------ 5.12,1 223
trailers, vans, and intervehicular connections ------- 5,12.7 229
visibility --------------------------------------- 5.12.5 227
winches ----------------------------------------- 5.12.0.4 231

Ventilating, environment ------------------------------- 5.8,1.2 167
Ventilation. ground/shipboard vehicles ----------------- 5.12.0.2 228
Verbal warning signals, audio displays ----------------- 5.3.5 60

critical warning signals --------------------------- 5.3.5.6,1 61
delivery style -------------------------------------- 5.3.5.3.2 60
intensity------------------------------------------ 5.3.5.2 60
message catagories --------------------------------- 5.3.5,6 61
message content ------------------------------------ 5.3.5.5 61
message priorities --------------------------------- 5.3.5.6.2 61
nature of signals------------------------------------ 5.3.5.1 60
speech processing ---------------------------------.. 5,4 60
type of voice --------------------------------------- 5.3.5.3.1 60

0 381



riMiL STO -14/.LU

INDEX
Paragraph Page

vocal criteria -- 5.3.5.3 60
Vertical adjustment

aerospace vehicle seats - 5.14.2.4.2 241
seating, ground/shipboard vehicles ------------------ 5.12.2.2 223
seating, workspace design -------------------------- 5.7.3.4.2 146

Vertical and horizontal arrays
control/display integration ------------------------- 5.1.2.3.2 22

Vertical extension, tabular data ----------------------- 5.15.3.5.5.2 257
Vertical ordering in multiple columns, tabular data 5.15.3.5.6.5 257
Vertical, push and pull forces ------------------------- 5.9.11.4.2 195
Vertical/stacked segments, special-purpose console design 5.7.6.2 156

height ---------------------------------------------- 5.7.6.2.2 156
panel division ------------------------ 5.7.6.2.1 156

Vertical straight scales, scale indicators -------------- 5.2.3.2.4 42
Vibration, environment -------------------------------- 5.8.4 177

building ----------------------------------------- 5.8.4.1.2 177
comfort level --------------------------------------- 5.8.4.1.1.3 177
equipment ----------------------------------------- 5.8.4.2 180
motion sickness ------------------------------------- 5.8.4.1.1.4 177
proficiency level --------------------------------- 5.8.4.1.1.2 177
safety level -------------------------------------- 5.8.4.1.1.1 177
vehicular ------------------------------------------- 5.8.4.1.1 177
whole body ------------------------------------- 5.8.4.1 177

Vibration, location and arrangement (visual displays) --- 5.2.1.4.5 29
View

field of, head-up displays -------------------------. 14.1.1.5.4 239
tield of, optical instruments -- -------------------- 't. 11.3.5 217
ground, visibility (ground vhies) ------------------- 5.12.5.3 227
pbysical interruption of, large screen displays ------ 5.2.5.4 4
rear, road (visibility) ----------------------------- 5.12.5.5 22*
rear, vehicle (visibility) -------------------- ------ 5.12.5.4 228

Viewing angle
dot matrix/sagmented displays ------------------------ .2.,6.,6 52
horitontal wrap around console ---------------------- 5.7.6.1.5 156
optic*) instrumonts .------------- 5,1,3.3 216
viewing equipment, remote ha dlinS equipment --------- 5.10.4.3 212

Viewing, blocular ---------------------------------- 5.11.3.13.1 218
Vivirig distance

CUT --------------------------------------------------- 5.2.,.2 46
labels ---------------------------------------------- 5.5.5.15 124
large screen displays ------------------------------- 5 2.5.3 46
inximum. visual displays ---------------------------- 6,2,1.4.11 32
minimum, visual displays ---------------------------- 5.2.1.4.12 32

Viewing equipment, remote handling equipment ----------- 5.10.4 211
coding ----------------------------------------------. 510.4,5 212
direct viewing --------------- ----------------- -. 5.10.4.2 212
general -------------------------------------------- 5.10.4.1 211
indirect viewing ------------ ------------------------- 5.10.4.4 2i2
lettering ----------------------------------------- 5.10.4.6 211
stereo viewing -----------------------------------. 5 4.7 211
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viewing angle ............................-.. 5.10.4.3 212
Viewing threshold, illumination (remote handling) ----- 5.10.5.2 212
Viewpoint, user (command language) ........... 5.15.4.5.2 269
Visibility, grovnd/shipboard vehicles ------------------- 5.12.5 227

fork lifts -................................... 5.12.5.9 228
glare -------------------------------------------- 5.12.5.6 228
ground view -------------------------------------- 5.12.5.3 227
night operation ----------------------------------- 5.12.5.1 227
rear view (road) ------------------------------------- 5.12.5.5 228
rear view (vehile ..--------------------------------- 5.12.5.4 228
visual field ---------------------------------------- 5,12.5.2 227
windshields and windows ---------------------------- 5.12.5.7 228
windshield wipers and washers ----------------------- 5.12.5.8 228

Visibility
cranes, materials handling and construction ---------- 5.12.8.6 230
beating and ventilation (vehicles) ------------------- 5.12.6.3 221)
labeling, continuous adjustment thumbwheel controls -- 5.4.2.2.3.5 64
plotters and recorders ------------------------------ 5..8.4.2 48
printers ------------------------------------------- 5,2.0.3.2 46
thumbwheel controls, discrete ----------------------- 5.2.1.3.6 71
vehicle ---------------------------------------------- 5.12.5 228

Visibility and legibility
labels ------------------------ ---- 5,5.4.3 122
legend lights --------------- ------------------ 5-.2.2.2.5 36

Vision, unobstructed (windows, canopies, and windshields) 5,14.1,i.4 239
Vision over top, special purpose console design ---------. 7,6.1.3 153
Visual

&Coto#, access open~ngs and covers .............d------ 5.9.9.0 1
accomodation, optical instruoents ........... 1,3 216

field, loation and arrangement ---------------------- 5.2-1.4.8 29
field, visibility (vehicle ) --------------------------. -12.12 22
peforman e (windoi,, canopies, and windshields) .... 0 |l. 230

Visual displays ... ................................... 6.2 27

alerting/wrning .------------------ -- ---------------- 5.. 2.1 27
4enoral --------e------------------------------------ 5.2.1 21
relation to, audio warnings ---....................... 613-2.4 97

ust with audio signali -----------------............... S, 1,47 55
VocAl criteria, verbal warning signalN -----------------.... 3.5,3 60

delivery style ---------------------------------------- 5.3.b. .2 60
type of voice ------------------.w.- .-------- .......... 5.3.45.5 I 0

Voice
eommunication.equipment. operating controls ---- 5.3.10 04
co*aunication System. intelligibility --------------- 5.3.12.1 65
level versus ambient noise -------------------------- 5.4.3.3 175
type of (verbal signals) ---------------------------- 5.33 3.1 0

Voltage exposure. electrical hlards -------------------. 13.7..3 236
Voltage, high (eleetpical hazards) ---------------- 5.13.7.1.i 236
Volume control, audio warning devices ------------------ 5.3.6.4 6!

autotatiC or Sanual ---------------------------------- 5.3.6.4.1 61
caution signal controls ---------------------------- 5.3.6.4.3 82
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ganging to mode switches .................... -------- 5.3.6.4.2 61
voice communication equipment ------------------------ 5.3.10.1 64

W0
Warni ng

alerting, visual displays ---------------------------- 5.2.1.1 27
displays, seated consoles ---------------------------- 5.7.3.8 147
lights, tranailluminated displays 5.2.2.1.5 33
placards, hazards and safety ------------------------- 5.13.2.1 233
signal. definition ------------------------------------- 3.71 16
signal, m&ster caution (definition) ----------------- 3.41 13
signals, audio warnings ----------------------------- 5.3.2.1 55
signals, critical (message catagories) -- - 5.3.5.6.1 61

Warning devices, audio (controle for) ------------------- 5.3.6 61
automatic or "anual, volme control .......... ------- 5.3.6.4.1 61
automatic 9r sanual shutoff ---------------- --------- 5.3.6.1 61
autoaatic reset ------------------------------------- 5.3.6.2 61
caution signal Cotrols -------------------.--------- 5.3.6.4.3 62
duration ----------------------------.-.......-- ------- 5.3.6.5 62
duration liwlts ------------------------------- -------- 5.3.6.6 82
ganging to m=ode switches ----------------------- --. 5.3.6.4.2 61
redundant visual warntng ----------.---------------- 5.3.6.3 61
voluzo control ----.......------------- ----- 5.3.6.4 61

WaVning of tbrOr6O to security, data protection ------- 5.15.8.13.2 275
Wrnin# .1gal eCaracteriSties, audio ......... 5.3.3 57

Compatibility with acou.ical environmit, int.*e"ity - 5.3.3.2.1 67
compatibility with clothing and squipmenk, intonsity - 5.3.3,2,2 50
d isc om for t , in ten s it y -- - --- 5 .33 .2 .3
f re~quncy -...........- 5.3.3.
i nteslty ............................................ 5.3.3.2 57
rang, frequency ----- --- 5, 3,3 .1 57
spurious signals. frequency ....... .... . . 3.1.2 57

Warning sigsls, verba ----------------. --- ....... 5,3.5 d0
critical %ar'ning signals ------- .0-.... 5.3.5,6.1 61
dtlivciy Style -------- ----- "-- 5..5.3,2 80
i..t*..ity ,----------------- 6,35.2 80
two*&$* cAtagoris -- --.---- --- 5.3.6.6 61
mssa e contM - ------....... ----------- 5.3.5.5 61
048ag. priOtities -. - - 5. .5.6.2 61
nature of Sipnals ...... ........... -- ---..-- 5.3.5.1 60
speech proc-s-ln - - -------- 5.3.5,4 0
type of voice ------------------------------- ... -- 1,--- 5.3.5.3.I ft{

Vocal criteria .................... --- -- 5.3.5.3 6C
S a1ninge. attio (audio displays) ------------- - - - 5.3.2 5,

k, caution Sign a ---------------------- -k .. .----- -- 5.3.2,3
nature of signal* ------------------------------------- 5.3.2.2 51
POeIatlon to visual displays --------------------------- .3.2.4 5'
Single element signal --------------------------- - - -- 5.3,2.2.2 5

---wo el-- ign- . --- 5.3.2.21 5
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warning signals -------------------------------- ------ 5.3.2.1 55
Weight, binoculars/bioculars ---------------------------- 5,11.3.13.6 219-
WeiSht, safety label* and placards

capacity --------------------------------------- ------ 5.13.2.3 233
center of gravity, and ------------------------------ 5.13.2.2 233

Weight. imall systems and equipment
portability ............................- 5,11.1..1 213
transportability by personnel -- .11.1.2.1 215

Weight, unit design for efficient handling ------------- 5.9.11.3 192
carrying frequency ---------------- -. 9.11.3. 194
carrying limits ............................... -- ----- 5.9.11.3.5 194
labeling -............................................ 5,9.11.3.9 194
lifting frequency ............................. ------ 5.9.11.3,2 193
lifting limits -------------------------------------- 5.9.11.31 192
load size .------------------------------------- o 103
object carry size -------------------------------- 5.9.11.3.7 1g4
obstacles -------------------------- ---------- .9.11.3.4 103
user population ----------------------------------- 5.9,11.3.8 194

Wet bulb glob temo"rature (WBOT) , deofinition ----------- 3.1 16
Whole body vibration --------------------------------- .4.1 177

building vibration# -------------------.......... . . 8.4.1.2 177
comfort level ------------------------------------- 5.8,4.1.1.3 177
motion sianese ..... . . .. . . .....---. ... 5.0.4.1.1.4 177
proficiency level -------- w------------------ - ....... .6,4.1.1.2 177
safety level .............. . . ... . ......... 5-- .8o. 1 N~ 7

vehicular vibration ------------------------------- S.,4.1,1 177
Whole-body access --------------------------------- 5,..3 163
Wide obaracters. design of label characters ------....... 5.5. 123
Width. design of label characteer

letteee-eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee5.. 5.5.5 123
numeral --------------------------------------------- 5.5.5.4 123
stroke, dark t4aptation -------------------------.- 5.5.923
stroke. noreal------ ----------------- 5 f 53 8 123
stroke, traneillvainated Characters ............ 5.5.10 124

Width. panel (horizontal wrap-around consolel ----------- 5.7..1.1 153
Width, *ark surface (seated operations) --------------- 5.7.3.1 146
Wi.1, definition ------------------------ Forward ii
Witches. autoeotiva eubsystew ------------------------- 5.12.9.4 231

cable unwinding ----------------------------- 5.12,9.4.3 231
clothing costibility --------------------------- --. 1 ,0.4.5 231
contro locatio . .--------------------------- 5.12.9.4.4 231
Anstructiou plate ---- .---------- 5.12.0.4.1 231
operation ----------------------- 3.12.0.4.2 231

Window, display (text/program editing) --------------- 5.15.3.7.3 201
Windows, c.Aopies. a.d windshields (aerospace vehicles) - 5.14.1.1 239

angle of incidence .-------------------------- .14.1.1.3 239
hoad-up ditplay ------- ---------------------------. 239
ultilayered -indo6 ..----------- * .------- 5.14.1,1.2 239

unobstructed vkt$on -------------------------------- 5.14,1.1.4 239
visual pertortance ------------- ------- .------ 5.14.1.1.1 230
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Windshitlds apd windows, visbilzy (vehicles) ---------- 5.12.5.1 228
Windshield wipers and washers, viaibility (vehicles) ---- 5.12.5.8 228
Word spacirng, design of label charaesers --------------- 5.5.5.12 124
Wording, task-oriented (query language) ---------------- 5.15.4.7.4 270
Words marked, markers close to (display coding) - 5.15.3.3.6.2 256
Work areas and personnel platform ................------ 5.7.7.6 159
Work load, distribution of (controls) --------- - .-.1.1.1 67
'Work platforns, hydraulic-operated ---------------------- S.1.7.7 159
Work space, aerosPece vehicle compartments

dimensions ------------------------------- ------------ 5.14.2,3 241
layout for shared ................ .. . . ..... ... 5,14.2.2 24)

Workspace des$ n ................-. 5.7 145
coamon worklng. positions -....... .. ...... ....... - 5.7.4 147
depth of work area -------------------------.------ 5,7,1.3.1 145
Oeneral .. . .... .. . .... .- 5.7.1 145
general. &oCustical noise ---------------------------- 5.8.3.3. 175
bandles - ..... ... ..............--.... .... ----- ---- 5.7.1.2 145
ingress and egross --..... .......... 5.7.j 163
kick spc .- - ------....- 5.71. 45
largo, acoustlexl noise ---------.---------- .8...3 176
lateral workspkate -------- -------- -------- --- ------ ,3 146
80se ted operations ------------------------ ............. 5.7.3 146

space betwtn rows of cabints - ---------........... 5.7.13.3 145
spoea1-purpose console 4esn.ig 5.6.6 153
vtair, #tair-ladders, fixed- 4ddets, "4 rps ------ 5.7.7 156
stand*urd console design --------- --------.- .5 153
stading opertioas . -------------- -- V-

storage.. "C* --------------- ....- - .,7. V . 144.
surface aolors . .------------.... --------- 1. 5,7.0
+work npe .- ......... ........... 5.7.1.3 1

Workspace hazard, gen.rei thbarids-. aatty) ---------- S3.4 233.
alerting device .. ------ '- --- <5.i3-.4 233
esrlenoy doors nd exits ----------- .----. 5.13.4.2 23

- -l-u- --t1•o- - - - --------------- ' . . .234'
-- - - --...... . ..... ... -- -- .1 4.4 211k

thermal contact beards --- ----------------- -. 3-4., 234
Work surfece
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FOREWORD

1. This Military Standard has been approved for use by all Departments
and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commander, US Army Missile Command, ATTN: AMSMI-RD-SE-TD-ST,
Redstone Arsenal, AL 35898-5270, by using the self-addressed Standardization
Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter.

3. This standard establishes general human engineering criteria for
design and development of Military systems, equipment and facilities.
Its purpose is to present human engineering design criteria, principles and
practices to be applied in the design of systems, equipment and facilities
so as to:

a. Achieve required performance by operator, control and maintenance
personnel.

b. Minimize skill and personnel requirements and training time.

c. Achieve required reliability of personnel-equipment combinations.

e. Foster design standardization within and among systems.

4. This standard does not alter requirements for system development
participation of human engineering specialists to interpret and implement
these practices and to provide solutions to human engineering problems which
arise and which are not specifically covered herein.

5. The use of the words "shall," "should," "may," and "will" in this
standard is in accordance with MIL-STD-962, wherein "shall" expresses a
provision that is binding, "should" and "may" express nonmandatory provisions,
and "will" expresses a declaration of purpose or simple futurity.

6. Requirements herein are expressed in the International System of units
(SI). As a convenience, the metric units are accompanied by their approximate
customary system equivalents (in parentheses). Angular measure is expressed
in radians or milliradians, except for 45", 90% 1801, 3600, etc., which are
shown as multiples or divisions of v radians.
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ANSI S3.5 Articulation Index, Methods for the Calculation of

(Application for copies should be addressed to the American National
Standards Institute, Inc., 1430 Broadway, New York, NY 10018.)

..AMERICAN SOCIETY FOR TESTING AND "MATERIALS (ASTM)

ASTM E 380 Metric Practice, Standard for

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

HUMAN FACTORS SOCIETY (HFS)

ANSI/HFS 100 American National Standard for Huluan Factors
Engineering of Visual Display Terminal
Workstations

(Applications for copies should be addressed to the Human Factors Society,

Inc., P.O. Box 1369, Santa Monica, CA 90406

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO DIS 2631 Guide to the Evaluation of Human Exposure to Whole
Body Vibration

(Application for copies should be addressed to the American National
Standards Institute, Inc.,1430 Broadway, New York, NY 10018.)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

SAE J925 Minimum Access Dimensions for Construction and
Industrial Machinery

(Application for copies should be addressed to the Society of Automotive
Engineers, 400 Connonwealth Drive, Warrendale, PA 15096-0001.)

(Non-Government standards and other publications are normally available from
the organizations that prepare or distribute the documents. These documents
also may be available in or through libraries or other informational services.)

2.3 Order of _recedenle. In the event of a conflict between the text of

this document and the references cited herein, the text of this document takes

precedence. Nothing in this document, however, supersedes applicable laws and
regulations unle" a specific exemption has been obtained.

7
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In the absence of a radiant heat source (e.g., solar, engine, furnace), a
modified Wet-Dry (WD85) index should be used where:

WD8 5 = 0.85TWBnp i 0.15TA

NOTE: Unless otherwise indicated, terms of equipment divisions are defined in
accordance with MIL-STD-280.

I. 16A
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10l FOR MkXIMUM READING ACCURACY

(THE POINTER iS AN EOUAL DISTANCE -
NOMINAL CA-1.6 mm 10.031-.061 ii. -
FROM ALL SCALE MARKS. NEVER
OVERLAPPING ANY MARK OR NUMERAL)

TmommEVN 00 MZZ VISUAL
PARALLA

ALTtRATE ,FOIV iT FOR GROSS -

RE4AINQ OF !r4MR

FIGURE 3. RELATIVE POSITION OF SCALE MARKS, NUMERALS,
AND POINTERS ON CIRCULAR DIALS
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in rows so that all pointers line up horizontally (fov vertical scales) or in

columns so that all pointers line up vertically (for horizontal scales).

5.2.3.3 Fixed-pointer. movino-scale indicators.

5.2.3.3.1 Numerical oro1ression. On fixed-pointer,, moving scale indicators.

numbers shall progress in magnitude in clockwise direction around the faces of
circular dials (counter-clockwise dial movement for numerical increase). On-
vertical or horizontal straight moving scales, numbers shall increase from
bottom-to-top or from left-to-right.

5.2.3.3.2 Ointa ion. Numerals on moving scales shall be upright when in
the reading position.

5.2.3.3.3 A!nrpmUnt of 2ointer or fixed reference line. For circular
scales, alignment of the pointer or fixed reference line shall be in the 12

o'clock position for right-left directional information and in the 9 o'clock
position for up-down information. For purely quantitAtive information, either
position may be used.

5.2.3.3.4 j . If the display will be used for setting in a value

(e.g., tuning in a desired wavelength), the unused portion of the dial face

shall be covered, and the open window shall be large enough to permit at least
one numbered graduation to appear at each side of any setting.

5.2.3.3.5 ra~king. If the display will be used for tracking, as in the

case of a directional indicator, the whole face of the dial shall be exposed.

5.2,3.3.6 Iogyin taps dinnlavs. When the scale length required for

acceptable readout accuracy exceeds the limits of the display package capacity

(i.e., compaction of scale marking would make the display illegible or subject
to readouL error), moving tape scale format may be used.

5.2.3.3.7 CWgn morntZ Sralag/picLoral displays. Combinations of scales,

pointers, and pictorial symbols may be used to combine functionally-related
information into a tingle instrument or display (e.g., artificial horizon,

command heading. true/relative bearing). Design of significant reference

features (e.g.. aircraft or ship symbols, horizon, altitude or pitch scales)
shall conform to the general criteria herein for direction-of-motion, scale-
pointer relationships, and legibility.

5.2.4 ~bhW6 raX tRuI (c _4diJglavn. CRTs shall conform to the provisions

below; however, where a CRT is part of a visual display terminal used for teXt
processing, data entry, or data inquiry applications in an office environment
or equivalent. see 5.16,

5.2.4.1 Signal i t. When a target of complex shape is to be
distinguished from a non-target shape that is also complex, the target signal
should subtend not less than 6 mrad (20 minutes) of visual angle and should
subtend not lees than 10 lines or resolution elements. Image quality shall be
consistent with the operator's needs.

61
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DIMENSONS RESISTANCE
DIAMETER

Fingmrtip Thumb or Palm Single Finger Fingers Thumb or Pa

Minimum L5 mm t3Il J 19 m W (3A W 28N I10 oWJ 1AN o LJ 2A NtO ga

Maximum 2 ftI1 kt.I 11 N 40J SJ*Nt (20€=J 23N W W I

DISPLACEMENT
A

0Thumb r Pnalm

irufl2 wn 34 loo 3own 11g W

SEPARATION
S

SL'% FinplW Dt i[S~eigl FkIwK _________ Fnn h,,b

Mimurr 13 "" 1112 &,J 6 I/4 6 M 1114 iW 21, wait I n

Profelted 50 mn (2 if 13msft (1j3 1k J 13 m 1112 in.I iSOw wilJ

Nfte. AboWn data fot buwhWd "kaion. For ovd hadW operskm
winkow ,hoWId be mauably adiwlad.

FIGURE 11. PUSHBOJTTONS (WINGER OR HAND OPERATED)
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requirc:, cr when load sharing among limbs is desirable. BecJtusC foot-
operattd :-witches are susceptible to accidental actuation, their uses should
be limited to non-critical or infrequent operations such as press-to-talir
communication or vehicle headlight dimming.

5.4.3.1.2.2 Operation. Foot switches shall be positioned for operation by
the toe and.the ball of the foot rather than by the heel. They shall not be
located so near an obstruction that the operator cannot center the ball of the
foot on the switch button. A pedal may be used over the button to aid in
locating and operating the switch. When the switch may become wet and
slippery, the switch cap surface should possess a frictional surface to
minimize the possibility of the foot slipping off the switch.

5.4.3.1.2.3 Dimensions. resistance. and displacement. Dimensions,
resistance, and displacement of foot-operated switches shall conform to the
criteria in Figure 12. Although not recommended (i.e., only one switch per
foot is preferred), when one foot is required to operate more than one switch,
such switches shall be at least 75 mm (3 in.) apart (horizontal); 200 mm (8
in.) apart (vertical).

5.4.3.1.2.4 Feedback. A positive indication of control actuation shall
be provided (e.g., snap feel, audible click, associated visual or audio
display change).

5.4.3.1.3 K gards. Keyboards shall conform to the provisions below;
however, where a keyboard is part of a visual display terminal used for text
processing, data entry, or data inquiry applications in an office environment
cr equivalent, see 5.16.

5.4.3.1.3.1 fl.. Arrangements of push buttons in the form of keyboards
should be used when alphabetic, numeric, or special function information is to
be entered into a system.

5.4.3.1.3.2 Layout and configuration. The key configuration and the number
of keys are dependent upon the predominant type of information to be entered
into the system. The major forms that keyboards can'take, which aid in the
entry of such information, are given below:

4. Numgric kevboard. The configuration of a keyboard used to enter solely
numeric information should be a 3 X 3 + I matrix with the zero digit centered on
the bottom row.

b. Aloha-numeric keyboard. Keyboard configurations for entry of alphabetic
and some numeric information shall conform to MIL-STD-1280. For some
applications the entry of data varies from primarily alphabetic to primarily
numeric. For these applications, two alternatives are preferred: Provide a
keyboard of the type shown in Figure 2 of MIL-STD-1280 (where there is no
separation between alphabetic and numeric characters) or provide a separation to
emphasize the two separate functions, with the numeric keyboard located to the
right of the standard keyboard.

5.4.3.1.3.3 Di~enslons. resistance, disnlacement. and separation. The
control dimensions, resistance, displacement, and separation between adjacent

92
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ONVOTICE 1

5.'; Dor1ktoace deso.

5. enera. tn]h!r nth-:wise noted, the following criteria apply to
ground installations and, a5 practical, to airborne and shipboard
installations; however, where a visual display terminal is used for text
processing, data entry, or data inquiry applications in an office environment
or equivalent, see 5.16.

5.7.1.1 Kick space. All cabinets, consoles, and work surfaces that require
an operator to stand or sit close to their front surfaces shall contain a kick
space at the base at least 100 m (4 inches) deep and 100 mm (4 inches) high
to allow for protective or specialized apparel.

5.7.1.2 Hanle. Handles on cabinets and consoles shall be recessed
whenever practicable, to eliminate projections on the surface. If handles
cannot be recessed, they shall be designed such that they shall neither injure
personnel nor entangle clothing or equipment.

5.7.1.3 W. Whenever feasible, free floor space of at least
1.220 m (4 feet) shall be provided in front of each console. For equipment
racks that. require maintenance, free floor space shall be provided in
accordance with the following criteria.

5.7.1.3.1 Debth of work area. Clearance from the front of the rack to the
nearest facing surface or obstacle shall be not less than 1.070 m (42 inches).
The minimum space between rows of cabinets shall be 200 mm (8 inches) greater
than the depth of the deepest drawer (equipment).

5.7.1.3.2 ILt.ralk se . The minimum lateral workspace for racks
having drawers or removable equipment shall be as follows (measured from the
drawers or equipment in the extended position);

a. for racks having drawers or removable items weighing less than 20 kg
(44 pounds): 460 nn (18 inches) on one sice and 100 mm (4 inches) on the
other,

b. for racks having drawers or removable items weighing over 20 kg (44
pounds): 460 mm (18 inche ) on each side.

5.7.1.3.3 Space between rows of cabinets. The minimum space between rows
of cabinets shall be 200 mm (8 inches) greater than the depth of the deepest
drawer or cabinet.

5.7.1.3.4 Storaae space. Adequate and suitable space shall be provided on
consoles or immediate work space for the storage of manuals, worksheets, and
other materials that area required for use by the operational or maintenance
personnel.

5.7.2 Standing oDerations

5.7.2.1 Wor.sufac. Unless otherwise specified, work surfaces to support
documents such as job instruction manuals or worksheets shall be 915 15 mm
(36 ±0.6 Inches) above the floor.

145
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5.7.2.2 Display placement, normal. Visual displays mounted on vertical
panels and used in normal equipment operation shall be placed between 1.040 m
(41 inches) and 1.780 m (70 inches) above the standing surface.

5.7.2.3 Display placement, special. Displays requiring precise and
frequent reading shall be placed between 1.270 m (50 inches) and 1.650 m
(65 inches) above the standing surface.

5.7.2.4 Control placement, normal. All'controls mounted on a vertical
surface and used in normal equipment operation shall be located between 860 mm
and 1.780 m (34 and 70 inches) above the standing surface.

5.7.2.5 Control placement, special. Controls requiring precise or frequent
operation and emergency controls shall be mounted between 860 mm. and 1.350 m
(34 and 53 inches) above the standing surface and no farther than 530 mm (21
inches) laterally from the centerline.

5.7.3 Seated operations.

5.7.3.1 Work surface width and depth. A lateral workspace of at least
760 mm (30 inches) wide and 400 mm (16 inches) deep shall be provided whenever
practicable.

5.7.3.2 Work surface height. Desk tops and writing tables shall be 740 to
790 mm (29 to 31inches) above the floor, unless otherwise specified.

5.7.3.3 Writing surfaces. Where a writing surface is required on equipment
consoles, it shall be at least 400 mm (16 inches) deep and should be 610 mm
(24 inches) wide, when consistent with operator reach requirements.

5.7.3.4 Seating.

5.7.3.4.1 Copatbility. Work seating shall provide an adequate supporting
framework for the dy relative to the activities that must be carried out.
Chairs to be used with sit-down consoles shall be designed to be operationally
compatible with the console configuration.

5.7.3.4.2 Vertical adjustment. Provision shall be made for vertical seat
adjustment from 380 to 535 mm U5 to 21 inches) in increments of no more than
25 mm (I inch) each.

5.7.3.4.3 Backrest. A supporting backrest that reclines between 1745 and
2005 mrad (10an 1i15 d~Grees) shall be provided. The backrest shall engage
the lumbar and thoracic regions of the back, and shall support the torso in
such a position that the operator's eyes can be brought to the "Eye Line" with
no more than 75 mm (3 inches) of forward body movement.

5.7.3.4.4 Cushioning. Where applicable, both the backrest and seat shall
be cushioned with at least 25 mm (1 inch) of compressible material and
provided with a smooth surface.
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ENCLOSURE VOLUME (m3 /PERSON)

FIGURE 39. VENTLATION REQUIREMENTS

fuel handler suits, body armor, arctic clothing, and temperature regulated
clothing are required and worn, a comfort micro-climate between 200C (680F),
14 mm Hg ambient water vapor pressure and 350C (950 F), 3 mm Hg ambient water
vapor pressure is desirable and, where possible, shall be maintained by heat
transfer systems.

5.8.1.7 Tbpeal toIerane and eomtort 2ones. Temperature and humidity
exposure should not exceed the effective temperature limits given in Figure 40
when corrected for air velocity (Figure 39).

5.8.1.8 Limited thermal toleranae zones. Where hard physical work is to
be required for more than two hours, an environment not exceeding WBGT or WD
index of 250 C (770F) shall be provided. Where the wearing of protective
clothing' systems (which reduce evaporation of sweat from the skin) is
required, thic index shall be decreased 5oC (200 F) for complete protective
uniforms, 40C (70F) for intermediate clothing sysLems, and 30C (5OF) for body
armor.

5.8.2 ,. Where equipment is to be used in enclosures and is not
subject to blackout or special low-level lighting requirements, illumination
levels shall be as specified by table XXI and shall be distributed so as to
reduce glare and specular reflection. Capability for dimilng ahall be
provided. Adequate illumination shall be provided for maintenance tasks.
General and supplementary lighting shall be used as appropriate to ensure that
illumination is compatible with each task situation, Portable lights should
be provided for personnel performing visual tasks in areas where fixed
illumination is not provided. For display lighting, see Table XXII. For
illumination characteristics (illuminance, glare, balance, and specular
reflectance) of VDTs, see 5.16.

0 269
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not move beyond the display boundaries and disappear from sight. If the
cursor is moved by depressing a key, releasing the key shall cause the cursor
to stop moving.

5.15.2.1.8.3 Home Uosition. The home position for the cursor should be
consistent across similar types of displays.

5.15.2.1.8.4 Exnlicit actuation. A separate, explicit action, distinct from
cursor position, shall be required for the actual entry (e.g., enabling,
actuation) of a designation position.

5.15.2.1.8.5 €onsisteat 2ositionina. Where cursor positioning is
incremental by discrete steps, the step size of cursor movement shall be
consistent horizontally (i.e. in both right and left directions), and
vertically (in both up and down directions).

5.15.2.1.8.6 Keyboard cursor control. When position designation is
required in a task emphasizing keyed data entry, cursor control should be by
some device integral to the keyboard. If cursor movement is acccwlished by
depressing keys, the keys shall be located on the main keyboard.

5.15.2.1.8.7 govement relationships. The response of a cursor to control
movements shall be consistent, predictable, and compatible with the user's
expectation. For cursor control by key action a key labeled with a left-
pointing arrow should move the cursor leftward on the display; for cursor
control by joystick, leftward movement of the control should result in
leftward movement of the cursor.

5.15.2.1.9 Abbreviations. mnemonics. and codes. When abbreviations,
mnemonics, or codes are used to shorten data entry, they shall be distinctive
and have a relationship or association to normal language or specific job-
related terminology. Abbreviations should be the same length, the shortest
possible that will ensure unique abbreviations.

5.15.2.1.10 gXnDiCit delete &_tinn. Data deletion or cancellation shall
require an explicit action, such as the depression of a DELETE key.

5.15.2.1.11 Chanae of di)ta. Where a user requests change (or deletion) of
a data item that is not currently being displayed, the option of displaying
the old value before confirming the change should be presented.

5.15.2.1.12 Single method Cr data entry. Data entry methods and data
displays should not require the user to shift between entry methods.

5.15.2.1.13 Data entry display. Where data entry on an electronic display
is permitted only in prescribed areas, a clear visual definition of the entry
fields shall be provided.

5.15.2.2 Keyboar. Keyboards shall conform to the provisions belows
however, where a keyboard is part of a visual display terminal used for text
processing, data entry, or data inquiry applications in an office environment
or equivalent, see 5.16.
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5.15.2.2.1 Use. A keyboard should be used to enter alphabetic, numeric and
other special -aracters into the system.

5.15.2.2.2 Configuration. Keyboards shall conform to MIL-STD-1280, unless
otherwise specified or approved by the procuring activity.

5.15.2.2.3 Timely display. Keyed inputs, except security items such as
passwords, shall be shown on the display in accordance with the values in
Table XXVIII.

5.15.2.2.4 Length. Except for extended text, the length of individual data
items shall be minimized.

5.15.2.2.5 Justification. When entering tabular data, the user shall not
be required to rih- or ft-justify tabular data entries. The system shall
automatically justify columnar data with respect to decimal systems point,
left margin or right item margin, depending on the type of data.

5.15.2.2.6 Nueic kepads. Keyboards used in systems requiring
substantial numeric input shall be equipped with a numeric keypad.

5.15.2.2.7 Minimization of keying. The amount of keying required should be
minimized.

5.15.2.2.8 Minimization of shift keying. The use of key shifting functions
should be minimized during data entry transactions.

5.15.2.2.9 Data change. In keyed data entry, means shall be provided to
allow users to change previous entries, if necessary, by DELETE and INSERT
actions.

5.15.2.3 Fixed function (dedicated) keys.

5.15.2.3.1 Use. Fixed function keys (for example, ENTER) should be used
for time-critical , error-critical, or frequently used control Inputs.

5.15.P.3.2 Standardization. Fixed function keys should be common
throughout the system.

5.15.2.3.3 Functional consistency. Once a key has been assigned a given
function, it should not be reassigned to a different function for a given user.

5.15.2.3.4 Availability. Fixed function keys should be selected to control
functions that-are contnuously available; i.e., lockvot of fixed function
keys shall be minimized. At any step in a transaction sequence, however,
function keys which are not used for current inputs should be temporarily
disabled under computer control. Mechanical overlays should not be used for
this purpose.

5.15.2.3.5 Non-active keys. Non-active fixed function keys should be

replaced by a 5lank key on the keyboard.
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5.16 Visual Display Terminals (VDT s). Where a VDT is used only for text
processing, data entry, and data inquiry applications in an office environment
or equivalent, the VDT, associated furniture, and environments in which the
VDT is placed shall conform to ANSI/HFS 100; however, where such criteria are
not specified by ANSI/HFS 100, the VDT, associated furniture, and environments
shall conform to applicable provisions herein.
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10 SCOPE

The documents listed in this appendix provide supplementary information,
criteria, and guidance that may be used, as applicable, to assist the designer
in complying with the requirements of this standard. Their application is not
to be regarded as mandatory, unless so specified by the procuring activity.

20 TRI-SERVICE PUBLICATIONS

MIL-HDBK-761 Human Engineering Guidelines for Management
Information Systems

DOD-HDBK-763 Human Engineering Procedures Guide

MIL-H-46855 Human Engineering Requirements for Military Systems,
Equipment, and Facilities

MIL-HDBK-141 Optical Design

TB MED 81 Cold Injury
NAVMED P-5052-29
AFR 161-11

CSC-STD-002-85 Department of Defense Password Management Guide
(Fort George G. Weade, MD. Department of Defense
Security Center.)

30 ARMY PUBLICATIONS

30.1 ulAtigna

AR 40-10 Health Hazard Assessment Program in Support of the
Army Materiel Acquisition Decision Process.

AR 40-14 Control and Recording Procedures, Occupational
Exposure to Ionizing Radiation

AR 38S-16 Safety for Systems, Associated Subsystems and
Equipment

AR 700-52 Licensing and Control of Sources of Ionizing
Radiation

281
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30.2 Parmhlots & Bulletins

AMCP 706-134 Maintainability Guide tor Design (AD 823 539)

DA PAM 40-501 Hearing Conservation

TB MED 521 Diagnostic X-Ray, Therapeutic X-Ray, and Gama Beam
Protection for Energies up to 10 Million Electron
Volts

TB MED 270 Control of Hazards to Health from Microwave
Radiation

TB MED 279 Control of Hazards to Health from Laser Radiation

TB MED 288 Medical Problems of Man at High Terrestrial
Elevations

TB MED 508 Cold Injury

30.3 Design Criteria Handbook

MIL-HDBK-759 Human Factors Engineering Design for Army Materiel

30.4 ae£_rt

AVSCOM Study to Determine the Impact of Aircrew
Report 75-47 Anthropometry on Airframe Configuration.

Natick Laboratories Reference Anthropometry of the Arctic Equipped
TR EPT-2 Soldier (AD 449 4831)

Natick Laboratories The Carrying of Loads Within an Infantry Company
TR 73-51-CE (AD 762 559)

Natick RDEC Anthropometric Survey of U.S. Army Persoswel
TR 89/827

USAAMDL TR 71-22 Crash Survival Design Guide (Revised 1971)

USAHEL TM 4-77 A Human Factors Evaluation of a Vertical Scale
Inatrument Display System for the OV-1D Aircraft
(AD A03 6050)

40 NAVY PUBLICATIONS

40.1 Manal

NAVAIR 00-807-99 U.S. Naval Aerospace Physiologis st Manual, 1972.
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WADC TR 52-204 Handbook of Acoustic Noise Control (AD 18 260)

WADC TR 54-520 The Anthropmetry of Work Positions (AD 110 573)

WADC TR 55-159 Space Requirements of the Seated Operator (AD 87 892)

WADC TR 56-218 Guide to the Design of Electronic Equipment for
Maintainability (AD 101 729)

WADC TN 57-248 Acoustical Criteria for Work Spaces, Living Quarters,
and Other Areas on Air Bases (AD 130 839)

WADD TR 58-474 The Effect of Team Size and Intermember Comunication
on decision-Making Performance (AD 215 621)

WADD TR 60-814 Audio Warning Signals for Air Force Weapon Systems
(AD 258 477)

50.3 Air Force Systems Command Design Handbooks

Copies of Air Force Systems Command design criteria handbooks may be
obtained by nongovernmental organizations when compliance therewith is
required by a Government contract, or when possession of the handbook will
otherwise benefit the Goverment. Requests for the following handbooks should
be directed to 4950/TZHM, right-Patterson AFB, OH 45433:

AFSC OH 1-1 General Index and Reference

AFSC DH 1-3 Human Factors Engineering

AFSC DR 1-6 System Safety

AFSC 00 2-1 Airframe

AFSC ON 2-2 Crew Stations and Passenger Accodmattons

AFSC DH 2-3 Propulsion and Power

AFSC OH 2-6 Ground Equipment and Facilities

60 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION PUBLICATIONS

60.1 Standars

(Copies of the following documents can be obtained by qualified
requesters from PSIS Custodian/SP34, NASA-Johnson Space Center, Houston, TX77058)



MIL-STD-1472D 4
NOTICE 1

NASA-sTP)-300(, Volume 1 Man-SyctLmc, Integration Standards

NASA -STD-3000, Volume II Man-Systems Integration Standards-Appendices

60.2 Zook

Copies of the following document can be obtained from the Superintendent
of Documents, U.S. Government Printing office, Washington, DC 20402

NASA SP-3006 Bioastronautics Data Book, Second Edition,

J.F. Parker and V. R. West, eds.

70 VOLUNTARY STANDARDS AND GUIDES

70.1 American National Stan dardg Inatitute tMNI)

Copies of the following standards can be obtained at a nominal cost from
the ANSI, 1430 Broadway, New York, NY 10018

ANSI A12.1 Floor and Wall Openings, Railings. and Toeboards,
Safety Requirements for

ANSI A14.3 Ladders-Fixed-Safety Requirements

ANSI C2 National Electrical Safety Code (NBS H30)

ANSI S1.11 Specification for Octave-3anad and Fractional-Octave-
hand Analog and Digital Filters (ASA 65)

tANSI Z136.1 Safe Uae of Lasers

70.2 Amrican Soietv fgr Testing and ateriala. Copies of the following
document can be obtained at a nominal cost from the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTK F 1166-88 Standard Practice for Human Engineering Design
Criteria for Marine Systems, Equipment. and
Facilities

70.3 Aperican Societ of Heaatino. Uiriggratine and Air-CQmditionirU
Fnpineern s LA4MAMU Copies of the following documents can be obtained bt a
nominal cost from the ASARAE, 1791 Tullie Circle, NE, Atlanta, GA 30329

ASHRAE 55-81 Thermal Environmental Conditions for Human Occupancy

ASHRAE 61-01 Ventilation for Acceptable Indoor Air Quality Guide
and Data Book (latest edition)

70,4 11_uMInatign Enaineerina Society (InSI of.North AmrLa. Copier of the
follawing document c.an be obtained at a nominal cost from the IES. 345 East
47th Street, New York. NY 10017

IES Llghtitig 11O)FIK SEC 9 Application-87, Industrial Lighting
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NEW PAGE DATE SUPERSEDED PAGE DATE

284 30 June 1992 284 14 March 1989
2f,1 30 June 1992 285 14 Marchl1989
286 20 March 1991 286 REPRItED WITHOUT CHANGE

2. MAKE THE FOLLOWING PEN AND INK CHANGES:

a. Page iv, para 5.4.6, change *119" to *120.*

b. Page 16, pars 3.67, 2nd line, change ates to atet.

c. Page 44, pars, 5.23.3,,4th line, add space before 'bat.0

d. Page 44, para 5.2.3.3.7, 5th line, change *aljltde" to *atfltude.

e. Page 44, pama 5.2.4, 3rd line, change w5. 16" to "5. 15.*

f. Page 60, pama 5.3.5.4,5Sth line, change Omaybe* to "may be.

g. Page 60, para 5.3.5.4,5th line, change *3.24' to "3.51."

h . Page 159, para 5.7.7.6, 4%th line, change "75mm (3 inches)* to "l50 mm (6 inches)."4

I. Page 171, Tab13 XXIII, delete comma after *digital.*

j. Page 175, para 5.8.3.2, 2nd line, change OMIL.S-008806* to *MIL-$TD 1769.*

k. Page 195, pars 5.9.11.4.1, 3rd line, change *adJustment" to *value for females."

I. Page 215, pare. 5.11.1.2.2, 5th line, change *16.3 kg (36 Ib)' to '18.5 kg (41 lb)."

m. Page 215, para 5.11.1.2.2, 61th line, change 024.5 kg (54 Ib)m to "27.7 kg (61 lb)"

n. Page 241, para 5.14.2.4.1, 1 st and 4th sentences, change "rosbains* to *restraints.*

o. Page 241, para 5.14.2.4.3, 2nd line, change 02rlracl" to "2x~ rad.*

p. Page 241, para 5.14.2.4.5, 2nd line, change oactuation" to "abht to actuate."

q. Page 263, para 5.15.3.8.2, add"5.3.2.4."

r. Page 263, para 5. 15.3.8.5, change 05.3. 3.1.1 * top5.3.3.1'

s Page 284, pama 5.1 5.1. 1, chai a *5.15.8to '5. 15.9"
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t. Page 275, para 5.15.8.13.8, 3rd line, add "(not to exceed six months).*

u. Page 307, add "Covert operations- .... 5.13.9 237"

v. Pago 372, add "Stealth operations - - -.-5.13.9 237'

w. Page 377, add "Trainers ----------- 5.13.8 237"

3. RETAIN THIS NOTICE AND INSERT BEFORE TABLE OF CONTENTS.

4. Holders of MIL-STD-1472D will verify that page changes and additions indicated above
have been entered. This notice page will be retained as a check sheet This Issuance,
together with appended pages, Is a separate publication. Each notice is to be retained by
stocking points until the military standard Is completely revised or cancelled.
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Navy - ASO Air Force - 11

(Project HFAC-0048)

Review activities:
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Navy- EC, MC, MS, OS, PE, SH, TD
Air Forcel3, 14, 19, 26

User activities:
Army-AL
Navy-YD

Civilian agencies:
NASA-MSFC
DOT-RDS
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5.4.2.2.5.6 Steering wheel shape. Except for established uses In submarines, armored
combat vehicles, aircraft, and other applications where maximum wheel deflection does
not exceed 2/3 xrad (1200), all steering wheels shall be round.

5.4.2.2.5.7 Power steering failure. Steering systems shall be designed with sufficient
mechanical advantage to meet the force requirements of Table IX, even when the
primary operating mode is power assisted, i.e., the operator shall be able to steer the
vehicle to a safe stop in the event of a power failure.

5.4.2.2.5.8 Steein.rlatio. Steering systems should be designed so that the maximum
limits of the vehicle can be achieved with no more than 3-turns ifturning lconsistent

with force limits of Table IX.

5.4.3 Un onrl.

5.4.3.1 Discrete linear controls.

5.4.3.1.1 Push buttons (finaer or hand oneratadl.

5.4.3.1.1.1 UU. Push buttons should be used when a control or an array of controls Is
needed for momentary contact or for actuating a locking circuit, particularly in high-
frequency-of-use situations. Push buttons should not be used for discrete control where
the functions status Is determined exclusively by position of the switch. (i.e., An on-off push
buton that Is pressed In and retained to turn a circuit on and pressed again to releast the
push button and turn the circuit off.)

5.4.3.1.1.2 Shilgg.. The push button surface should normally be concave (indented) to fitthe finger. When this is Impractical, the surface shall provide a high degree of frictionalresistance to prevent slipping.

5.4.3.1.1.3 gstgg1J2JIa. A positive Indication of control actuation shall be provided
(e.g., snap feel, audible dick, or Integral light).

5.4.3.1.'1.4 Channel or cover guard. A channel or cover guard shall be provided when It is
Imperative to prevent accidental actuation of the controls. When a cover guard is In the
open position, it shall not Interfere with operation of the protected device or adjacent
controls.

5.4.3.1.1.5 Dimensions. resistance. dinslacement. and separaton. Except for use of push
buttons In keyboards, control dimensions, resistance, displacement, and separation
between adlacent edges of finger or hand-operated push buttons shall conform to the
criteria In Figure 11.

5.4.3.1.1.6 Itedogks or barir. Mechanical Interlocks or barriers may be used Instead of
the spacing required by Figure 11.
5.4.3.1.2 Foot o ed sthes.

5.4.3.1.2.1 U,. Foot-operated switches should be used only where the operator Is likely
to have both hands occupied when switch actuation may be

Supersedes Page 88 of 14 March 1989
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maximum force requirements shall not exceed those specified in Figure 21, and should
* be corrected, where applicable, for females. (Two-thirds of each value shown Is

considered to be a reasonable adjustment)

5.4.4.3 Foot contro. Where foot controls requiring high control forces are to be used,
the push force push exerted by the leg depends on the thigh angle and the knee angle.
Figure 22 specifies the mean maximum push at various knee and thigh angles. The
maximum push is at about the 160 degree angle, referred to as the limiting angle. The
values of Figure 22 apply to males only and should be corrected for females. (Two-
thirds of each value Is considered to be a reasonable value for females.)

3 is li
1000-

4 ~~ 33O -NL 3r
.1 3 V15 4-4

500- 2 LIMITING ANGLE

~KNEE STRAIGHT

061 - -1,I _ 3 .. .5- _

OD so 100 120 /40 160 140

KNEE.AGLE till. OENREEG

FIGURE 22. LEG STRENGTH AT VARIOUS KNEE AND THIGH ANGLES
(5th PERCENTILE MALE)

5.4.5 Minilug Q.D s

5.4.5.1 I.en. Miniature controls may be used only when severe space limitations exist.
Miniature controls shall not be used when available space Is adequate for standard-
sized controls or when heavy gloves or mittens will be worn.

5.4.52 Dimensions- rgalstance, d1l~pacement and SpArnton. When design
constraints dictate the use of miniature controls, the dimensions and separation of the
controls shall be the maximum permitted by the available space up to the maxima
prescrbed herein for standard-sized controls. Resistance and displacement of
mlnlatute corols should conform to the criteria specified for the standard size of that
type of control.

* 5.4.5.3 Other reouirements. Other design considerations (e.g., labeling, orientation)

shall conform to the requirements specified for the standard size of the control.

Supersedes page 119 of 14 March 1989
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5.4.6 Touch-screen controls for display

5.4.6.1 Use. Touch-screen control may be used to provide an overlaying control
function to data display devices such as CRTs, dot matrix/segmented displays,
electroluminescent displays, programmable indicators, or other display devices where
direct visual reference access and optimum direct control access are desired.

5.4.6.2 Luminance transmission. When used, touch-screen displays shall have
sufficient luminance transmission to allow the display with touch-screen instled to be
clearly readable in the intended environment and meet the display luminance
requirements herein,

5A.6.3 Positive indication. A positive indication of touch-screen actuation shall be
provided to acknowledge the system response to the control action. Visual feedback
should be provided for touch-screen actuation.

5.4.6.4 Dlmensions and separation. The dimensions and separation of responsive
areas of the touch-screen shall conform to S1, $2 and Bw of Figure 14 for a seated
operator In a benign environmenL (An adverse environment may warrant larger sizes
and separations.)

5.4.6.5 Resinee. Force required to operate force-actuated touch-screens shall
conform to the alphanumeric resistance limits of Table X.

5.4.6.6 System Display Response Time. System display response time shall be not
more than 0.25 seconds.

Supersedes Page 120 of 14 March 1989
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5.6 AntfrQpom~cy,

5.6.1 .airal. Design and sizing shall ensure accommodation, compatibility, operability,
and maintainability by the user population. Generally, design limits shall be based upon a
range from the 5th percentile female to the 95th percentile male values for critical body
dimensions, as appropriate, except for special populations (see 5.6.4). For any body
dimension, the 5th percentile value means that five percent of the population will be equal
to or smaller than that value, and 95 percent will be larger; conversely, the 95th percentile
value indicates that 95 percent of the population will be equal to or smaller than that value
and five percent will be larger. Therefore, use of a design range from the 5th to 95th
percentile values will theoretically provide coverage for 90 percent of the user population
for that dimension. Where two or more dimensions are used slimltaneously as design
parameters, appropriate multivariate data and techniques should be utilized. (See
Appendix for representative references.) The limited anthropometric data presented In this
section In Figures 23 through 28 and Tables XIII through XVIII are Intended to provide
general design guidance only. DOD-HDBK-743 should be consulted for more extensive
data. Use of these data shall take the following Into consideration:

a. The nature, frequency, and difficulty of the related tasks to be performed by

the operator or wearer of the equipment.

b. The position of the body during performance of these tasks.

c. Mobility or flexibility requirements Imposed by these tasks.

d. Increments in the design-critical dimensions Imposed by the need to
compensate for obstacles, projections, etc.

e. Increments In the design-critical dimensions Imposed by protective clothing
or equipment, packages, lines, padding, etc.

5.6.2 Anth.glajdc Data The anthropornetric data presented In Tables XIII through
XVIII are nude body dimensions; data are given In centimeters, with equivalent values In
inches beneath In parentheses. The anthropometric data shown In these tables were
compiled and collated from several sources, The data on "General Forces - Male" were
compiled from the 1988 Anthropometric Survey of U.S. Army Personnel (ANSUR), the
1966 Antliropometric Survey of U.S. Marines and the 1965 Anthropometrlc Survey of U.S.
Air Force male officers and enlisted personnel. The data on "General Forces - Female"
were compiled from the ANSUR and the 1968 Anthropometric Survey of U.S. Air Force
female off leers and enlisted personnel. The data on "Army Pilots - Male" were compiled
from a subset of pilots from the ANSUR data pool. The data on "Army Pilots - Female*
were compiled from a subset of women, adjusted to match the demographic distribution of
current female Army pilots, from the ANSUR data pool who met the body size requirements
for entry Into pilot training. The data on "Air Force Pilots - Male* were compiled from the
1967 Survey of USAF male rated officers. The data on "Air Force Pilots - Female" were
compiled from a subset of the 1968 Survey of USAF female officers and enlisted personnel
who met the body size requirements for entry into USAF Undergraduate Pilot Training.
Data voids and omitted line numbers within these ables represent measurements which
were not taken or for data not available.
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FIGURE 23. Standing Body Dimensions
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TABLE XI11. STANDING BODY DIMENSIONS

A GENERAL FORCES

Percmole Values In Centimeters
(Inch Equivalents In Parethese.)

5th Peentile 95th Prcmntil.
Ma___e Female . I Female

WEIGHT, kos 61.6 46.4 98.1 77.0
(11n) (135.8) (1023) (216.3) (169.8)

i STATURE 164.5 12.4 187.1 17.7

(64.8) (60.0) (73.7) (68.4)

2 VE HEIHT (STANDEG 162.8 141.5 174.3 162.1
(62) (51.7) (6.) (6)

3 SHOULDER (ACIXRO W HEGHT 123.0 164.6 14U
(52.e) (48.4) (60.9) (56.4)

4 CHEST(NIPPLE)HEUHT" 118.6 108.9 IM 127.3
(46.7) (42.9) (54.1) (60.1)

5 ELBOW (RADIALE) HEIGHT 102.. 96.1 119.9 111.0
(40.3) (37.8) (47.2) (43.7)

6 FINGERTIP (DACTYLJON) HEIGHT 59.1 55.1 72.4 67.0
(23.3) (21.7) (28-6) (26A)

76 WAIST (OCRISTALE) HEIGI4T 7.5 91.1 - t5.9 107.1
(37-5) 435.) (45.6) (42.2)

bWAIST(OMPAJON)HEIGHT 91.7 30.3 1 Z, 105.6
MO.) (35.6) (45.0) (41.9)

7c WAIST (NATUAALm KDENTATKKno 7.3 121'. 114.

HEIGHT (41.1) (38.3) (47.8) (45.0)
8 CROTCH HEIGHT R.3 68. 1 91.0 C4.6

(29.6) (26.8) (3601) (33.)
9 GLUTEAL FURROW HEIGHT 73.6 66.4 89.2 61.7

(29.0) (26 1) (351) (32.2)
10 KNEE M0.PATLA) HEIGHT 46.1 41.7 55.2 50.3

(18.1) (i6.4) (21.7) (19.8)
11 CALF HEIGHT 31.6 27.8 40.6 35.7

(12.4) (109) (16.0) (14.1)

12 (UCflNAL MAMW) F 71.7 67.7 88.6 '0.5
(28.2) (26.7) (34.9) (31.7)

13 NN MALREACH, t D 8o.5 73.5 94.2 2.3
(31.7) (26.9) (37.1,) (36.3)

• ustoo" he h for women
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TABLE XIIL STANDING BODY DIMENSIONS (continued)

B. ARMY PILOTS

Percentile Values in Centimeters
(Inch Equivalents in Parentheses)

5th Percentle 95th Percentile

W4.5 k S 51.2 97.3 81.1

(Ibs) (142.2) (112.9) (214.5) (178.8)
1 STATURE 165.9 160.9 188.4 175.7

(65.3) (633) (74.2) (0.2)
2 EYE HEIGHT (STMADIM IS3.7 140.9 17F 114.1

(60.5) (59.0) (6&4) (64.W )
3 SHOULME (ACROM E) HE4f 1 .7 131.1 %5.T ,74

(534) (51.7) (613) (56.9)
4 CHEST(NIPPLE)HEIGHT 119.3 115.1 1372 128.2

(47.0) (45.3) (54.0) (50.)
5 ELBOW (RADIALE) HEIGHT 104.8 101.0 120A 112.7

(41.3) (39.8) (47.4) (44A)
6 FWGERTIP (DACTYLON) HEIGHT .2 568.3 '790 6,7

(23.7) (23.0) (26.3) (27.0)
7& WAIST (DCRSTALE) HE T 100.0 05 1 5. 118,3 1-5-07

(39.4) (38.4) (45.8) (424)

(38.0) (37.9) (45.2) (4.2)
7b WAIST (NATURAL IDENATION) 105.3 142.8 121A 115.5

HEIGHT (41.6) (40.5) (47,8) (45.6)
C RTCH HEIGHT 111 r. . 592.1 . .39

(30.6) (2V.7) (30.3) (330)
9 GIEAIFURROW HEIGHT 72 '2.5 137 111

(29.4) (28.5) (34.9) (32.0)
10 KNEE (MV-PATELLA) HEIGHT " '44. 4.8 50.3

(18.3) (17,6) (21.6) (19.0)

11 CALF HEIGHT 319 23,5 35.1
(12.6) (11. ) (15.2) (13.0)

12 RNTIONAL MI T REACH 74.0 7.1 86.3 79.
(29.1) (28.0) (34.0) (31.4)

13 FLOO M ,L .REACH. EXTENDED 802 74 92:6 8.0
(31.6) (30.5) (W86) (33.9)

"Bugtpoi heigh for women
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0
TABLE XIIL STANDING BODY DIMENSIONS (waciudod)

C. AIR FORCE PILOTS

Percentile Values in Centimeters
(Inch Equivalents in Parentheses)

5th Percentile 95th Percentile
________________________ Male FeaeMaio Female

WEIGHT, kas 63.6 51.0 95.6 67.1
(W) (140.2) (112.4) (210.8) (147.9)
1 STA11,2 163.3 167.7 M5.6

(Me.8) (64.3) (73g9) (02)
3 SHODER (ACOMIALE) 3k 16.7 1T1.6 14.8 1,43.9

(53.4) (51.8) (60.9) (50.7)
4 CHEST(NIPPLE)HEIGHT" 120.8 117.5 138.1 130,4

(47.6) (46.3) (64.4) (51.3)
5 ELBOW (RADIALE) HEIGHT 104.8 120.0

(41.3) (47.2)
6 FINGERTIP (DMYUON) HEI-9 -61.5 '32

(24.2) (28.8)
7a WAIST (UOCPdSTALE) HEGH1 101.3 17,9-

(3091) (46.1)
7b WAIST(WHAUON HK". 11- 4.3

(31.9) (45.0)
7c WAIST (NATU DENTATON) 99.3 . 10.5

HEIGH (32.1) (43S6)

9 CF)rCH HEh04T .2.6 .. 4
(30.8) (28.6) (36.2) (32.8)

9 GLUIEALR.RROWHEIGHT 74,6 70,4 87.9 81.5
(29.4) (27.7) (34.6) (32.1)

10 KNEE (MID-PATELL. HEIC-44T 45.7 53.9
(1e.0) (21.2)

11 CALF HEKI4T 32.0 3.
(12.6) (15,5) _____

12 FUNCTUNAL(THUMBTP) REACH 1 3. 71.1 81.9.
(29.1) (28.0) (34.3) (32.2)

. . . ... MENDED.82.3 - .7 e.97.3 94.0
(32.4) (31.4) (38.3) (37.0)

"austio hoh1 for woma
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14

| 15 1719W 21

IrlI
' 22

Dimension 16 - Sitting eye height (relaxed) is not shown on figure.

Dimension 30 - not used.

FIGURE 24. Seated Body Dimensions

Supersedes page 132 of 14 March 1989
132



NOTICE 2

TABLE XIV. SEATED BODY DIMENSIONS

A. GENERAL FORCES

Percentile Value' in Centimeters
(Inch Equivalents in Parerthoses)

5th Peroentile 05th Percentile
Me...male male Faw s

14 VERTICAL ARM REACH, SITTING 128.6 t23.3 153.2 141.8
(50.6) (48.5) (60.3) (55.8)

15 e$TNG HEIGHT. EPE0T 85.2 79.5 97.2 91.0
(338.) (31.3) (38.3) (35.8)

16 SITTING HEIGHT. RELAXED 89..9 897
(31.1) (3S.3)

17 EYE HEIGHT SrIrlNG, ERECT 72.9 68.5 85.2 797
(28.7) (27.0) (33S5) (31-3)

19 MID-SHOULDER HEIGHT 57.2 53.9 66 63.1
(22.5) (21.2) (27.0) (24.8)

20 SHOULDER HEIGHT, SITTING R49 50.9 UA.6M
(21.6) (20.0) (25.4) (23.8)

21 SHOULDER-ELBOW LENGTH 34.0 28.3 40.2 36.6
(13.4) (11. 1) (15.8) (14.4)

22 ELBOW-GRIP LENGTH 332 30.0 39.1 .35.8
(13.1) (11.8) (15.4) (14.1)

23 ELVX4-f WGERTIP LENGTH 44A 40.8 5-2.4- 4.
(7.5) (16.0) (20.6) (11LO)

24 ELSOWRESTHEIG-T 18.4 17.T 28,9
(7.2) (8.9) (11.3) (10.6)

25 THIGH CLEARANCE HEIGHT 13.7 0.4 19.0 - i -6.)
(S) (4.1) (7.5) (71)

26 KNEE HEIGHT, SITTING 50.0- 46 6.0
(19.7) (18.7) (23 9) (22.0)

27 POPLITEALHEIGHT .393- 3.1 50.0 44.1
(156) (13,8) (19.7) (17.4)

2689 = 0 LElOC. N U 55.2 667 64.0
(21.7) (20.9) (26.) (25.2)

29 BUSTKOPUTFAL LENGTH 45 X 43.5 4.6 52.8-

(180) (171) (21.5) (20.)
31 FUNCTK L LEG LENGTH "f00. W3 11.9 SOj (394) (36.7) (46.0) (43.1)
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TABLE XIV. SEATED BODY DIMENSIONS (continued)

B. ARMY PLOTS

Percentile Values In Centimeters
(Inch Equivalents in Parentheses)

'th Pemrh 16t Percentile

14 VERTICAL ARM REACH SITTING 135.0 129.7 153.8 143.3
(53.1). (51.1) (60.6) (6.4)

15 SITTING HE*IHT ERECT 87.1 as.? 98.1 92.7
3(34.3) 33.0) (38.6) (38.5)

17 EYE ITI' SITNG ERECT 62. "6.1 812
(22.6) (28.4) (339) (W.)

19 MID-SHOULDER HEIGHT 5.7 57.0 68.5 $4.5
(23.5) (22.4) (27.0) (25.4)

20 SHOULDER HEIGHT, SITTING 564 54.1 65.6
(22.2) (21.3) (25.8) (24.4)

21 ,I4OULDER-ELBOW LENGTH 34.3 33.0 40.0
(13.5) (13.0) (16.7) (14.6)

22 ELBOW-GRIP LENGT 33.3 31.6 39.5 35.5
(13.1) (12.4) (15.2) (14.0)

23 SELBO.RNoTIP LENGTH 45.1 18.1 31.8
(17.0) (17.0) (20.4) (16.7)

24 FUOWRESTHEiG4T 1.0 197 28.4
(7,8) (7.8) (11.2) (10.5)

25 HK364 CLEARANCE HEIGHT '14.9 14. 11. i0,
(5.9) (5.6) (7.4) (7.1)

2 KNEE-HEIGHT, SITTING 51.9 50.3 60,6 56C
(20.4) (19.0) (23.9) (22.0)

27 POPLTEAL HEK4HT 39.6 475 42.8
(15$.6) (14.8) (18.7) (16.9)

28 2TRCK.(Nf. NGTH 57.7 56.8 66.5 63.6
(22.7) (22.4) (26.2) (26.0)

29 .JUTTOCK-POPLUEAL LENGTH 463 46.3 55.0 52.3
(18.2) (18,2) (21.7) (20.6)

31 RNTMNAL LEG LENGTH 100.9 99.1 117.1 .100.
(39.7) (39.0) (46.1) (43.2)

NEW PAGE
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TABLE XIV. SEATED BODY DIMENSIONS (concluded)

C. AIR FORCE PILOTS

Percentile Values in Centimeters
(Inch Equivalents in Parentheses)

6th Pementile 95th Porentle

15 Srr=NEIT. ERECT 88.1 86.8 98.6 90.9
(34.7) (34.1) (388) (35.8)

16 S1771G IEIGHT, RELAXED 84.9 89.7
(33.4) (35.9)

17 EYE HEIGHT SITTG, ERECT 762 73.5 86.1 80.2
(30.0) (28.9) (33.9) (31.6)

19 MIDSHOULDER HEIGHT 60.2 57.5 69.2 63.7
(23.7) (22.6) (27.2) (25.1)

20 SHOULDER HEIGHT, SITTING 56.5 65.9
(22.2) (25.9)

21 SHOULDER-ELBOW LENGTH 33.2 38.8
(13.1) (15.3)

22 ELBOW-GR LENGTH 326
(12.8) _(14.9)

24 ELBOW REST HEIGHT 20.9 20.3 295 27.8
(8.2) (8o) (118) (109)

25 THIGH CLEARANCE HEIGHT 143-- 10.7 18.0 14.5

(5.6) (42) (7.4) (5.7)
26 KNEE HEIGHT. SIT1NG57 59.9

(20,4) (23.6)
27 POPLMTEAL HEIGHT 40.1 39.9 47.5 45.2

(16.8) (15.7) (18.7) (17.8)
28 BU'rDMK4CEE LENGTH 56 ..1. 55.7. 65.0 62.5

(22.1) (21.9) (25.6) (24.6)
29 Mu'rOC X.OPMUnALLENGTH 46.1 45.2 . 64.6 53.2

(18.1) (17.8) (21.5) (2o,).9
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3 4

233

u --- . 37

Dimenslon 39- not used

FIGURE 25. Depth and Breadth Dimensions
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TABLE XV. DEPTH AND BREADTH DIMNSIONS

A- GENERAL FORCES

Percentile Values In Centimeters
(inch Equivalents in Parene)

5th Percentie 95th Percentile
me Fep m ~ Female

32 CHEST DEPTH' 20.4 20.9 28.0 27.8
(8.0) (8.2) (11.0) (10.9)

33 BUTTOCK DEPTH 21.2 ia.4 28.6
(8.3) (7.2) (11.3) (10.4)

34 CHEST BREADTH 27.8 25.0 3 731.£
(10.9) (9.8) (14.4) (12.4)

35 HIP BREADTH STANDNG 80.5 30.8 $64 38T1
(12.0) (12.1) (15.1) (15.3)

36 SHOLL.DER (BIDEL1ID) BREADTH 41.8 38.2 63.64.
(10.5) (15.0) (21.1) (18.6)

37 FOFEARMFOREARM BREADTH 47" 41. 62.1 52.8-
(18.8) (16.3) (24.4) (20.8)

38 HIP BREADTh. SITTING 31.1 33841.3 43.3
(12.2) (13.3) (16.3) (17.0)

B. ARMY PLOTS

PementII. Value fI Centimters
(Inch Equivalents In Parentheses)

Sih Percentile 95th PercentIle
Maio Female Mai -Fem

32 CHEST DEPTH 21.7 20.7 28.4 28.2

33 BUTTOC0K DEPTH 2.9 ME2. -27.9
(84) (7.7)(0.)(.6

34 CHESTBREADTH 29.7 25.7 3. 2
(11.7) (10.1) (14.5) (12,1)

35 HIP BREADTH, STANDING 32231.9 98.0 '30'
(12.7)(12.6) (15.0)(i)

36 SHOULDER (BUME1O4) BREADWh 46.0 435.

37 FCREARJ.ORAR BREADTH 49.2 ZT 62.3
(19.4) (16.7) (24.5) (21.3)

38 HIP BREADTH. SITTING 33.8 35.5 41.0 44.6
(13.3) (14.0) (16.1) (17.6)

Bust d~th for won
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TABLE XV. DEPTH AND BREADTH DIMENSIONS (oncluded)

C. AIR FORCE PILOTS

Percnile Vauue i Cetlme
(Inch Equivalents in Parentheses)

5th Percentile 95th Percentile
'Mae Fmale Male Fornak

32 CHEST DEPTH 21.3 20.9 27.7 26.1
e.4) (8.2) (10.9) (10.3)

33 BUTTOCK DEPTH 20.7 18.8 27.5 23.3
(8.1) (7.4) (10.8) (9.2)

34 CHEST BREADTH 29.5 25.6 30.7
(11.6) (10.1) (14.4) (12.1)

3W HP BREA.7H. STAJNG 32.3 32. 38.5 03
(12.7) (12.8) (15.2) (15.0)

36 SHOULDER (SIDELTOID) BREADTH 44.1 38.8 52.6 45.0
(17.4) (15.3) (20.7) (17.7)

37 FOREARUFOREARM BREADTH 48.2 6.7
(19.0) (23.9)

38 HIP BREADTH, SITTING 34.2 34.5 41.8 41.9
(13.5) (13,6) (16.5) (16,5)

i4
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NOTICE 2

TABLE XVL CIRCUMFERENCES AND SURFACE DIMENSIONS

A, GENERAL FORCES

Percentile Values in Centimeters
(inch Equivalents In Parentheses)

5th Percentile 95th Percentile
Male Female Male Female

40 NECK CIRCUMFERENCE 34.7 29.2 41.6 36.7
(13.7) (11.5) (16.4) (14.4)

41 CHEST C UMFERENCE 85.5 81.4 111.3 102.2
(33.7) (32.0) (43.8) (40.2)

42a WAIST CROUMFERENC 7-0.2 67.6 101.6 04.6
#OMPHA.t4 (27.6) (26.6) (40.0) (37.2)

42b WAISTC 3.2. -... 71:9 59.5 98.4 43
(NATURAL INDENTATON) (28.3) (23.4) (38.7) (332)

43 HIP BUT1OCK) CIECUFERENCE, 6.7 ii 109.0 107.0
STANDING (34.1) (33.8) (42.9) (42.1)

45 VERTICAL TRUNK CIRCUM. 150.6 142.0 180.7 166.3
FERENCE. STANDING (59.3) (55.9) (71.1) (65.5)

47 AFAA SOYE CIRCUMFERENCE 39.9 33.6 49.8 41.2
(15.7) (13.2) (19.6) (16.2)O 48 BICEPS CIRCUMFERENCE, 27.7 25.3 38.5 32.1

FLEXED (10.9) (9.2) (15,2) (12.6)
49 ELBOWCIRCJUMFERENCE, 3- 21.8 35.0 300

FLEXED (10.0) (6,6) (13.8) (11.8)
50 FOREARM -CCUMFERENCL- 26.5 23.0 336 27.9

R.XO(1 0.4) (9,1) (13,2) (11.0)

51 WRISTCHW RENCE 18.7 613.8 1es Vt.3
(6.2) (5.4) (7.4) (6.4)

52 UPPER THIGH CIRCUMFERENCE 49.1 467 765.7
(19,3) (19.2) (26,7) (25.9)

53 CALF CIRCUMFEENME 32.7 31.5 42.1 39.1
(12.9) (12.4) (16.6) (164)

S4 ANKLE CIRCUMF, RECE 200 18.6 2is 23.3
(7.9) (7.3) (9,) (9.2)

Sa WAIST (W6HAUON) -BACK LENG-1 H 43.5 40.4 52.3 48.6
(17.1) (16.9) (20.6) (19,1)

M WAIST (NAT Ul*ALWNAY ) - 37.4 32.7 45.1 44. .
BAO( LENGTH (14.7) (129) (17.6) (17.4)

56a WAIST(OMP*ALUO.FRONT -35.5 45.7 42.6
LENGTH (14.1) (14.0) (18.0) (16.9)

M WAIST (NATURAL INDENTATION) - 31.0 27.5- 38.193.
FRONT LENGTH (122) (10.8) (15.0) (14.S)

"Bust ciicumtrtoce fOr women
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TABLE XVL CRCUMFERENCES AND SURFACE DIMENSIONS (wtinued)

B. ARMY PILOTS

Percentile Values in Gentimeter.

(Inch Equivalets In Parethese)

5th Percentile 95th Percentile
" Maio Femas Male Female

40 NECK CIRCUMFERENCE 35.2 29,3 41.2 34.5
(13.9) (11.5) (162) (1sh)

41 CHST CIRCUMFERNCE' 91.6 62.3 111.0 103.5
(36.1) (32.4) (43.7) (40.7)

42a WAIST CfIXR7F ECE 7. 68.7- 101.7 97.9
PHAUON) (30.2) (27.0) (4.0) (a.5)

42b WAISCPM fENCE 75 64.7 09.V ui7.6
(NATUR. I NTATU4) (29.6) (25.5) (3&1L) (34.A)

43 HIP ( 1TIK ClRUMlE¢ENCE. 905 88.7 102.4 100.4
STANDING (35.6) (34.9) (43.1) (43.1)

45 VERT-CALTRUNKCIRCUM- 154.6 147.8 177.2 168.5
FERENCE, STANDING (60.8) (58.2) (69.8) (66.3)

47 AFA SMC CIRCUMFERENCE 40.8 34.5 48.5 42.2
(16.1) (13.6) (19.1) (16.6)

48 BICPS CVIRfERENGE 29.0 24.7 37.5 32.7
FLEXED (11.8) (9.7) (14.8) (12.9)

49 ELOW ORC W NCE. 25.4 22.3 30.1 26
RLEM (10.0) (8.8) (11.9) (10A)

50 RFMA CI fERENCE, 27.3 3.1 =9 26.0
M (1o.7) (9.1) (13.0) (11.0)

51 WNST CIRCUMFE .CE iR2 14.4 11.6 .3
(6.4) (6.7) (7A) (6.4)

52 UPP-HIK J T 52. 6.2) 1975 03,)
(20-7)- (20.2) (26.3) (20.6)

S3 ALF CEICUMFERENCE 34.2 m .0 -41.- 9.6.

(13.5) (12.6) (164) (15.6)
-54 ANKLE C4RCUiFERENCE 20.2 191 24.3 22.6

(8-0) (7.5) (9.6) (9.0)
5a WAIST ( ION) - BACK LENGTH 44.75 5ze 49.7

(17.6) (16,7) (206) (19.6)
M WAIST (NATURAL RW.WATION) 38.7 3. . .

BACKLENGTH (1 .2) (137) (18.0) (16.6)
Sa WAIST (OMPHAKION) -R OT 384 57.0 46.6 44.4

LENOTH (16.1) (14.6) (10.0) (17A5)
6b WAIST (NATURAL INDENTATIN) - 32.0 '9. 1 38.5 3.6

FRONTLENGTH (12.6) (11.5) (152) (14.4)

"Bust c erenco fr wmon

NEW PAGE
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NOTICE 2

TABLE XVI. CIRCUMFERENCES AND SURFACE DIMENSIONS (concluded)

C. AIR FORCE PILOTS

Percentile Values In Centiretrs
(Inch Equivalents In Parentheses)

5th Percentile 95th Percentile
Male Female Male Female

40 NECKCIrCUMFERENE 34.9 31.6 41.6 36.5
(13.7) (12.4) (16.4) (14.4)

41 CHEST CIRCIJ:EFENCE 88.6 82.7 109.4 96.1
(34.9) (32.6) (43.1) (37.8)

42a WAST CIROU: .CE 75.7 100.1
(OAU.KO (29.8) (39.4)

42b WAST FXE RENCE 60.87.
(NATURAL IErN"ATION) (23.9) (20.7

43 HIP (MUTTOCK CIRCU.NMIERENCE 89.7 88.7 107.0 102.7
STANDING (35.3) (34.9) (42-5) (40.4)

44 HIP (BUTTOCK) CIRCUMFERENCE, 97.1 93.9 119.3 107.4
SITTING (38.2) (37.0) (47.0) (42.3)

45 VERT1CTAiTRUNK CIRCUMFERENCE. 156 150.6 180.2 166.0
STAND'JG (61.7) (59.3) (70.9) (65.4). 46 VERTICALTRUNKCIRCUMFERENCE. 150.4 147.6 73.2 161.
SnlwG (592) 58.1) (68.2) (63.7)

47 ARMA SQYE CC.... EN3.$ 34.3 53.0 1404
(17.2) (13.5) (20.9) (15.9)

48 BICEPS CIRCUMFERENCE, FLEXED 29.1 23. 36.6'No 29.1--
(11,5) (9.3) (14.4) (11,5)

49 ELBOW CI C UF NCE, FLEXED 28. . 25.0 34.2 30.1
(11.2) (9.8) (13.6) (11.9)

50 FOREARM CIRCUMFERENCE. FLEXED 27.2 23.0 32.4 27.1
(10,7) (9.1) (12.8) (101)

51 WRIST CIRCUMFERENCE 614.2 1942 6.3
(6.4) 0s.6) (7.6) (6.4)

52 UPPER TEH CMUMFEIENCE 51.5 49.5 66.2 6o.e
(20.3) (19.6) (26.1) (23.9)

53 CALF CF0JMFRCE 33.5 31.2 41.0 37.4
(13 2) (12.3) (16.1) (14.7)

54 ANKLECIRCUMFE CE 204 19.- 2.,6 23.5
(00) (7.8) (9.7) 19.3)

,U WAIST (OPI-ALION) - ACK LENGTH 43.1 39.3 50.945.4
(17.0) (15.) (20.0) (17.9)

46a WAIST (OMPHALION) - FRONT 369 31.6 237.7

LENGTH (14.5) (12.4) (17.4) (14.8)0
*lusi dicW ore. ce Wnc wmen

NEW PAGE
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N011CE 2

TABLE XVIL HAND AND FOOT DIMENSIONS

is A. GENERAL FORCES

P9rcentie Values In Centimeters
(Inch Equivalents In Parentheses)

5th Percentile 95th Percentle
Male I _Female Male _ Female

57 HAND LENGTH 17.5 16.5 21.1 20.1
(6.9) (6.5) (8.3) (7.9)

58 PALM LENGTH" 9.6 9.0 11.7 10.8
(3.8) (3.5) (4.6) (4.3)

89 HAND BEADTH 8. 6.9 9.8 a.6
(3.2) (2.7) (3.9) (3.4)

60 HAND CIUMW.EECE 19.9 16.8 23.5 20.0
(7.8) (6.6) (9.) (7.9)

62 FCOT LGTH 94.8 22.2 29.2 2.
M?) (8.7) (11.5) (10.4)

63 NS41EP LENGH179 16.4 21.4 19.5
(7.0) (6.5) (8.4) (7.7)

84 FOOTBREAT 9.0 8.0 11.0 9.8
(3.5) (3.1) (4.3) MO)

65 FOOT:-. L 3 ENCE 22., 20.5 27.3 24.2
(9.0) (8.1) (10.7) (9.5)

66 I'EL-,AN.E C04CUERENCE 31.3 28.1 36.9 33.0
(12.3) (11.1) (14.5) (13.0)

WData for maiu wr* ompled thwn the 1968 survey of U.S. Azmy Men, the 19M suivey al U.S. Marines,
Md the 1965 survey cl U.S. Ak~ Fame. Mart. Da w inWwedrwmntba1 t9 77 suwy cUS Ary
Women &nW the 1988 ox"~ 0 U.S. Air Focce Womm

&. A RY PUXTS

PMOrs# vaus in Centimetew
(Inch Equivala- M Farenthses)

51h Percentile 95th Parconlile
MaioFemale Male inl

67 HAND LENGTH 18.1 17.2 20.9 19.5
_( 7 ;, . .. ..( 6 -8 ) ( 8 2 ) ( 7 .7 )
89 ND ."iH 6,4 7,5 9.7 8.6
(3.3) (3.0) (3.8) (3.4)

60 HAM CCUMFEENCFE 19.9 221. UT 201
(7.e) (69) (9.0) (7'9)

62 FOOT LIENGTH 23.2 28.9 US
q(9) 1) (11.4 . .(10.4)

63 INSTEP LENGTH 18.2 i7.0 21.4 19.6
g.2) (.7) (8.4) (7.)

64 R T)TeREA;TH .2 108 9.-
(36) (3.) (4.3) (3.9)

65 FOOT CIRCUMERENCE 23.1 21 26.9 24.4
(9.1).. .(8.3) - (10.) (9.6)

*66 HEE L, CWREN 31.3 28.9 36.4 32.7
(12.3) (11.4) (14.3) (12.9)

Supersedes page 139 of 14 March 1989
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NOTICE 2

TABLE XVIL HAND AND FOOT DIMENSIONS (coMudd)

C. AIR FORCE PILOTS

Percentile Values in Centimeers
(Inch Equivalents In Parenthees)

5th Percentile 95th Percentile
maleF__ _ _ _ _ FMea

57 HAND LENGTH 17.8 17.6 20.5 20.4
(7.0) (6.9) (8.1) (8.o)

58 PALM LENGTH 10.0 11.8
(3.9) (4.6)

59 HAND BREADTH 8.2 1 9.6 8.3
(3.2) (2.8) (3.8) (3.3)

Go HADCCWEEC 20.0 17.2 23.1 19.9
(7.9) (6.8) (9.1) (7.8)

61 HAND THICKNEM 2.4 3.1
(0.9) (1.2)

62 FOOT LENGTH 25.1 23.2 29.0 26.3
(9.9) (9.1) (11.4) (10.4)

63 INSTEP LENGTH 18.3 21.4
(7.2) (8.4)

64 FOOT BREADTH 9.0 8.2 10.6 9.9
(3.5) (3.2) (4.2) (3.9)

65 FOOT CIRCUMFERENCE 22.9
(9.0) (10.6)

66 HEEL-ANKLE CIRCUMFERENCE 31.7 36.3

(12.5) (14.3)

NEW PAGE
1 39a
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FIGURE 28. Head and face dimensions4
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NOTICE 2

TABLE XVIll. HEAD AND FACE DIMENSIONS

A. GENERAL*FORCES

Percentie Values in Contimiters
(Inch Equivalefts in Parenft s)

5th Pementie 95th Percentile
__a__ Female Male Female

67 HEAD CIRCUMFERENCE 53.6 52.3 59.7 57.6
(21.1) (20.6) (23.5) (22.7)

68 BMTGRON,0ORONAL, CURVATURE 33.2 31.6 38.0 36.3
(13.1) (12.4) (15.0) (143)

69 BITRAGKON.MENT0N CURVATURE 30.4 282 34.8 32.6
(12.0) (11.1) (13.7) (12.8)

70 BlaT PJWON -ARBAN II A 27.8 25.6 33.0 20.70"mAILRE (.10.0) (10.1) (13.0) (11.)
71 HEADLENGTH 18.3 17.3 21.0 19.8

(7.2) (6.8) ((7.)
72 PRONASALE TO WALL 20.5 19.7 23.6 22.9

MAY (7.8) (93) (9.0)
73 TRW3ONTO WALL 8.6 8.6 12.6 11.8

(3.4) (3.4) L5.0) , (4.6)
75 HEAD BREADTH 14.3 13.5 16.5 15.5

(5.6) (5.3) (6.5) (6.1)
76 BMrRWION BREADTH 12.6 12.1 15.5 14.5

(5.0) (4.8) 6.1(5.7)
77 BIAJRICULAR BREADTH 17,4 142 21.0 10.5

(6.9)_ .1 
6 )  

L - (83) 7- 7D)

78 HEAD HEkIG4T (rRAON TO TOP 12.1 11.3 14.4 14.1
OFNEAD) (4.8) (4.4) 16:7) (L

79 GLAIELLA TO TOP OF HEAD 7.6 7.7 10.8 10.0
(3.3) (3.0) (4.3) (3.9)

O PRONASALE TO TOP OF HEAD 13.0 12.8 16.6 16.8
(5.4) (5.0) (6.5) (6,6)

81 FACE LENGTH (MENTON-SELLION) 10.7 9.6 13.3 12.4
(4.2) ..... (3.8) (5.2) (4.9)

82 FACE (BZYGOMATIC) BREADTH 13.1 11.9 15.0 14.0
(6.2) 4.7)(.9) .

83 BOCULAR BREADTH 11.3 11.1 13.1 12.9
(4.4) (4.4) (5-2) (5.1)

84 INTERPLJIM.ARY 9$EADTH 6.4 6.1 7.1 6.9
(2.1) (2.0) (2.7

87 UP LElNGT (MOUTH BREADIH) 4.4 3.7 6.3 6.2
(1.7) (1.5) .(2,5) (2.4)

89 EAR LENGTH ABOVE YNAION 2.6 2.5 3.6 3.3
(1.0) (1.0) (1.4) (1.3)

90 EAR BREADTH 3.2 2.4 4,2 3.9
(1.3) (0.9) (1,7) (1.5)

91 EAR PROTRUSION 1.7 17 3.0 2.7
(0.7) (0.7) (1.2) (1.1)

Supersedes page 141 of 14 March 1989
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MIL-STD-1472D
NOTICE 2

TABLE XVIIL HEAD AND FACE DIMENSIONS (oontinued)

B. ARMY PILOTS

Percentile Values In Centimeters
(Inch Equivalet s in Parenthmes)

5th Percentile 95th Percentile
___________________ male Female Male Female

67 HEAD CIRCUMFERENCE 54.8 52.6 59.2 56.8
(21.6) (20.7) (23.3) (22.4)

68 BITRAGION-0ORONALCURVATURE 33.3 31.7 37.3 35.8
(13.1) (125) (14.7) (14.1)

69 Bm WION-MENTON CURVATURE 31.0 283- 34.9 32.0
(12.2) (11.1) (13.7) (126)

70 B1TwitON 1iA AR 2. 13.8 3&1 29.9
QJFWA7URE (11.3) (10.2) (1&0) (11.8)

71 HEAD LEIH 18.8 17.0 20.9' 19
(7.4) (6.9) (8.2) (7.6)

72 PRONASALE TO WALL 20.9 '19.9 23. m
(8.2) (7.8) (9.1) (86)

73 TRAGION TO WALL 9.1 8.8 10.8 10.6
(3.6) (3.5) (4.3) (4.2)

76 HEAD BREADTH 14.5 13.8 16,3 15.3
(5.7) (5.4) (6.4) (6.0)

76 BITFIA" BREADTH ITS 12.8 15.4 14.5
(5.3) (5.0) (6.1) (6.7).

77 BIAURICUIAR BFEADTH 17.9 16.7 21.1 19.7
(7.0) (6.6) (8.3) (7.8)

78 HEAD HEIGHT (TRAGION TO TOP M "1 211" 13.5
OFIEAD) (4.8) (4,6) (S.S) (6.3)

79 GLABE.LATOTOP OF HEAD 816 7. 10.1
(3.4) (3.1) (4.3) (4.0)

60 PRONASALE TO TOP OP HEAD 40 -i-3.1 16.5 W-.8
(5.5) (5.2) (6.5) (6.2)

81 FACE LENGTH (MTONSE.LLION) 11.2 10.5 132 12.5
(4.4) (4.1) (5.2) (4.9)

82 FACE (BIZYGOMATIC) BREADTH 13.3 12.3 16.1 14.0
(5.2) (4.8) (5.9) (5.5)

83 1OCLJLAR BREADTH 11.4 11.0 13.0 12.7
(4.5) (4.3) (5.1) (5.0)

84 WTRPUPLARY BRIADTh 5.9 5.6 7.0 ' 6.6
(2.3) (2.2) (2.8) (2.6)

87 UP LENGTH (MJT1H BREADTH) 5.1 4.8 6.3 6.0
(2.0) (1.9) (2.5) (2.4)

89 EAR LENGTH ABOVE TlWC" 2.8 2.6 3.6 3.3
(1.1) (1.0) (1.4) (1.3)

90 EAR BREADTH 3.4 3.1 4.2 3.9
(1.3) (1.2) (1.7) (1.5)

91 EAR PROTRUSION 2.0 1.7 3.0 2.8
(0.8) (0.7) (1.2) (1.1)

Supersedes Page 142 of 14 March 1989
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TABLE XVI,. HEAD AND FACE DIMENSIONS (ckludod)

C. AIR FORCE PILOTS

Pumri VJum in Cenom s
(Inch Equivalent i Pamnthde)

5iPooplo oft Pewmme

67 HEADC11PIC .... 2...56.2 52. , 59.9 57.0
(21.7) (20.8) (23.6) (22.8)

68 BTAGICN4C)ONAL CURVATURE 33.7 32.0 371 36.7
(13,3) (12.6) (14.9) (14.4)

69 BrITRAOKIN.'TON CURVATURE 30.6 34.7(12.o) _ _ _ _ __ (12.7) _ _ _ _ _ _

70 BITRAGION-SU13MANDIBULAR m, .
SCURUARE (112) (13.2)

71 WEN 16A 17.5 21,0 19.7
(?A) 0 (Si (73)

72 PFKKSAE TO WALL 20A~ETN
(34) (7.) IPA (0-1)

73T RMICTOWALL 9.3 9.0 14 11.9
(3.7) (8.5) (4.6) (4.7)

75 HEAD BRADTH 74.7 13* 10.6 .
(-.) (5.4) (6.) (6.1)

76 aTAGION BREADTH 13.4 12.2 15. 13.8
(5.) (4.8) (6.0) (5A)

77 8L&UICULAR BREADTH 176 I14A ~ 8 175
(6.9) (8.7) (8.0) (P9)

78 HEAD HEIGHT (TRAGCON TO TOP '17-4 11.7 1A, W3
OF HEAD) (4.9) (4.6) (5.7) (5.6)

79 GOLA TO TWPOFWHAD 7. o.9
(U.) (4.3)

80 PRONASA.E TO TOP OF HEAD 1330 04 6 y.
(51) (8.2) (6.5) . - (6.7)

81 FCEINTH(k"7TOH-SELLcO4) I i -613 l
81 A( E(; ( )-11-.0 9.8 13.0 ... Ii8..

(40) (. 9) (5.1) (4.. )
62 FACE (BZMVW TIC) DREATW -415. 15T.1 "i5T.

(5.3) (4.7) (5.1 (5.4)
83 S K)CLAROREAM W D M6 o.6

(3,3) (3.6) (3.9) (4-2)

64 Kr8VwRPULARY BREADTH -.

(22) (2.7)
05 INTEOCULAR RAD14 2.93.

(1.1) _________________ (1.3) _________

86 LP TO UP LENGTH 13
(0.4) (0.9)

87 UP 1JEWN ~(MOM HOWMTH) *3*:7~ ro
.. ) .(1.6) (2.3) (2. .)

a EAR LENGTH 4. 7 :3 -
(2.3) (1.6) (2.9) 423)

89 EAR LENGTH ABOVE TRAGION 25
(1.0) (14)

gO EAR BREADTH 3.3 2.4 4.3 3.5
(1.3) (0.9) (1.7) (1.4)

91 EAR PWTR SON 1.7 2.84o.7) __ _ _ _ _ _ (1,1) _ _ _ _ _

Supersedes page 143 of 14 March 1989
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MIL-STD-1472D
NOTICE 2

5.6.3 L .

5.6.3.1 Data limitan. Because the anthropometric data presented here represent nude
body measurements, suitable allowances shall be made for light or heavy clothing, flying suits,
helmeta, boots, body armor, ioad-carrying equipment, protective equipment, and other worn or
carried items, when utilizing these data for design criteria.

5.6.3.2 Clearance dimensions. Clearance dimensions (e.g., for passageways and accesses),
which must accommodate or allow passage of the body or parts of the body, shall be based
upon the 95th percentile values for applicable body dimensions.

5.6.3.3 Limiting dimensions. Umlting dimensions (reaching distance, control movement,
displays, test points, handrails, etc.) which restrict or are limited by extensions of the body shall
be based upon the 5th percentile values for applicable body dimensions.

5.6.3.4 .table dimensions Seats, restralnt systems, safety harnesses, belts, controls or
any equipmnt that must be aclusted for the comfort or peromianoe of the indvkual user
shl be adjustable over the range of the 5th to 95th percentile values for the appicable body
member(s).

5.6.3.5 Clothlng and personal eauinment. Clothing and personal equipment (including
protective or specialized equipment worn or carried by the individual) shall be designed and
sized to accommodate at least the 5th through the 95th percentile values of body dimensions.
Pertinent dimensions of essential or critical equipment (e.g., aviators' helmets) shall be based
on the Ist and 99th percentile values. Where two or more dimensions are used simultaneously
as design parameters, appropriate multivariate data and techniques shall be utilized. (See
appendix for representative references.)

5.6.4 Spelal pgopulatlons. Where equipment will be used, inclusively or exclusively, by
selected or specialized segments of the military population (e.g., Army tank crews, Navy
divers, etc.) or population ranges other than the 5 - 95th percentiles (e.g., disproportionate
anthropometric accommodation test cases), appropriate available anthropometric data on
these specialized populations, contained In OOD-HDBK-743, shall be utilized for design and
sizing criteria. Where equipment Is Intended for use by foreign military personnel, appropriate
anthropometric data on such populations shall be utilized for design and sizing criteria. (See
appendix for representative references.)

Supersedes page 144 of 14 March 1989
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NOTICE 2

5.11 Small systems and eauipm nt.

* g 5.11.1 Portability and load carryin. Individual portions of equipment shall be designed so
that, when carried, the weight of the load will be distributed through as many muscle groups as
possible. Pressure should be avoided or minimized on sensitive areas, including large blood
vessels, nerves and areas lacking muscular padding. Design of load-carrying systems shall
consider the weight and distribution of individual items to be carried by the user. The weight of
the items to be carded varies according to the climatic zone, mission to be performed, and
occupational specialty. See Table XXVI for weights of representative Individual Items that an
infantry rifleman carries in temperate hot weather areas. Load carrying systems shall be
provided with a quick-release capability. In general, portable refers to an item that is carried a
distance of no more than 2 km (1.24 miles). For items to be carried up to 10 meters (33 ft.), see
paragraphs 5.9.11.3.5, 5.9.11.3.6, and 5.9.11.3.7.

5.11.1.1 o bl .

5.11.1.1.1 WgbiL. Individual portions of equipment may weigh up to 16 kg (35 ib) If the load
Is balanced and is distributed over many muscle groups and It is not necessary for the
Individual carrying the load to maintain the pace of an infantry movement.

5.11.1.12 L g When necessary, lifting aids shall be provided to permit a second
person to assist the porter in placing the load on the body.

5.11.1.1.3 Q. The load should be designed to permit treedom of movement. The
shape of the load should be free of sharp edges or projections that may be harmful to the
porter or snag on undergrowth. The shape and weight o' the load should not interfere with:

a. The length of step,

b. Movements of the head.

c. The ability to raise and lower the load when going over obstacles.

d. The ability to see where the feet are placed when walking.

e. The ability to squat.

1. Regulation of body temperature.

g, The maintenance of normal posture.

5.11,1.1.4 Q=i3gbv twa gpoS. Where the load is designed tr carrying by two persons,
a combination of stretcher type handles and shoulder support should be used, If feasible.

5.11.1.1.5 Sjmtnlton. Maximum use should be made of standard load carrying systems
or components.

* Supersedes page 213 of 14 March 1989
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NOTICE 2

TABLE XXVIIL TYPICAL FIGHTING AND EXISTENCE LOADS (TEMPERATE ZONE)

LOAD KILOGRAMS POUNDS
FIGmNGmmD

CLDONNC
PASOT HinkW 1.36 3.00
Bood Dres Uniform 1.73 S.01
PASGTVest 3.86 8.50
Unduwsar (Summw) OWd Socks 0.27 0.60

B* w. webw~2udd 0.09 0.20
60016bdmwM ) -a --

8.83 19.47

EOUb*MEWT:
IN. MIGAI w430 rd mVuNi. wvJ alb 3.59 7.91
Ammi~uW~do pauw (2 sa) w/180

uioiai i 6 flf M 3.21 7.07
Hand gmwAds 2.*a 0.91 2.00
LAW2.aorftAWl"s 3.88 8.50
C4mw I qt. fil wu and cover 1.63 3.60
Waterpwrkalon Abt 0,03 0.08
frkI*Ak equopm baek fkrs a

pecke wk=0 W awslers 0.72 1.59
ktrwhi*,g io Wwanw 1.14 2.52
awpwe M wiscoamw 0.89 1.30

Meek CB Prutdit Wwod 1.3 2,07
__m Em

17.80 39.22

EXISTENCE LOAD:
AUMC Pads med~ wtA*wi 1.12 246
Cich aI Protacke owrgamm

w~jIOwWboft 2,81 5.75
COP i*Ifi 0.10 0,22
Underw ad soda, 2. 0$54 1.20

P.allHp~.Kk 1.20 2.64
RAiocs 1410 1.33 2.04
OW, SWOeVn, kiterrndiat cold 3.40 7.60
Mdutms, pmuwrmic iu~atd 1.59 3.50
Jx". FW.J I w w/lkw., leaher

_____ ____ _____ ____ ____ _____ ____ ____14.173.4

Supers.4es pape 214 0f 14 MaOc 1989f
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NOTICE 2

5.13.7.3.2 Fluid and fuel servicing equipment. Automatic shutoff devices shall be provided on
* fluid and fuel service equipment to prevent overflow and spillage.

5.13.7.4 c .zrd.

5.13.7A.1 General. Personnel shall not be exposed to the concentrations of toxic substances
In excess of the limits specified in either the Department of Defense (DoD) Occupational
Safety and Health (OSH) standards or specialized standards applicable to military unique
equipment, systems or operations.

5.13.7.4.2 Carbon monoxide. Carbon monoxide in personnel areas shall be reduced to the
lowest level feasible. Personnel shall not be exposed to concentrations of carbon monoxide
(CO) in excess of values which will result in carboxyhemoglobin (COHb) levels in their blood
greater than the following percentages: 5% COHb (all system design objectives and aviation
system performance limits); 10% COHb (all other system performance limits). It Is acceptable
to estimate COHb blood levels In personnel by solving the empirical equation given In
paragraph 3.7.5 of MIL-HDBK-759A. When using the equations to estimate the percent COI-lb
blood levels for combat vehicle occupants, the following work stres levels (defined by MIL-
HDBK-759A) shall be applied as appropriate: activities Involving weapons fire - level 4; all
other mission activities - level 3. An Initial value of COHbo=1..0% shall be assumed for all
estimates.

5.13.7.5 Badiaan. Radiation emitting systems and equipment require special consideration
to minimize hazards to operators and maintenance personnel. Ionizing radiation exposure
rates produced by any device shall not exceed 0.5 millroentgens/hr at a distance of 50 mm
(2") from any point on the external surface. Microwave, radio frequency, X and laser radiation

* limits shall conform to those specified in Requirement 1, MIL.STD-454. Definitive and specific
data should be obtained from the service agency responsible for control of personnel
exposure to radiation.

5.13.7.5 J13jn0C. Training materials, devices, simulators and other systems utilizing
embedded training, should Incorporate appropriate safety safeguards, warnings and other
procedures developed during the material design process.

5.13.9 Stealth and covert Operation.. Systems and equipment designed for use in combat
may require stealth for covert operations. The need for low-observable exterior and
camouflage may preclude the use of brightly colored warning signs, warning lights and/or
auditory alarms. For such systems and equipment, emphasis must be placed on barriers,
interlocks and other techniques which insure safe operations.

* Supersedes page 237 of 14 March 1989
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10 SCOPE

The documents listed in this appendix provide supplementary Information, criteria and
guidance that may be used, as applicable, to assist the designer In complying with the
requirements of this standard. Their application is not to be regarded as mandatory, unless so
specified by the procuring activity.

20 TRI-SERVICE PUBUCATIONS

MIL-HDBK-761 Human Engineering Guidelines for Management Information
Systems

DOD-HDBK-763 Human Engineering Procedures Guide

MIL-H-46855 Human Engineering Requirements for Military Systems,
Equipment, and Facilities

MIL-HDBK-141 Optical Design

TB MED 81 Cold Injury
NAVMED P-5052-29
AFR 161-11

CSC-STD-002-85 Department of Defense Password Management Gt, de
(Fort George G. Meade, MD: Department of Defonse Security
Center.)

* H4IL-STD-1474 Noise Umits for Military Materiel

30 ARMY PUBUCATIONS

30.1 Bugu~ationm

AR 40-10 Health Hazard Assessment Program In Support of the
Army Materiel Acquisition Decision Process

AR 40-14 Control and Recording Procedures, Occupational
Exposure to Ionizirg Radiation

AR 385-16 Safety for Systems, Associated Subsystems and Equipment

AR 700-52 LUcenng and Control of Sources of Ionlzing Radaton

* Supersedes page 281 of 20 March 1991
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30.2 Pamphlets & Bulletins

AMCP 706-134 Maintainability Guide for Design (AD 823 539)

DA PAM 40-501 Hearing Conservation

TB MED 521 Diagnostic X-Ray, Therapeutic X-Ray, and Gamma Beam
Protection for Energies up to 10 Million Electron Volts

TB MED 270 Control of Hazards to Health from Microwave Radiation

TB MED 279 Control of Hazards to Health from Laser Radiation

TB MED 288 Medical Problems of Man at High Terrestrial Elevations

TB MED 508 Cold Injury

30.3 Desgn Cdteria Handbook

MIL-HDBK-759 Human Factons Engineering Design for Army Materiel

DOD-HDBK-743 Military Handbook. Anthropometry of U.S. Military Personnel

DOD-HDBK-761 Human Engineering Guide for Management Information
Systems

30.4 Be=

AVSCOM Study to Determine the Impact of Alrcrow Anthropometty
Rept 75-47 on Airframe Configuration

Natick Laboratories Reference Anthropometry of the Arctic Equipped Soldier
TR EPT-2 (AD 449 4831)

Natick Laboratories The Carrying of Loads withIn an Infantry Company
TR 73-51-CE (AD 762 559)

Natick RDEC 1988 Anthropometric Survey of U.S. Army Personnel
TR 891040 Methods and Summary Statistics (AD A225094)

USAAMRDL Crash Survival Design Guide (Revised 1971)
TR 71-22

USAHEL TM 4-77 A Human Factors Evaluation of a Vertical Scale Instrument
Display System for the OV-1D Aircraft (AD A03 6050)

40 NAVY PUBUCATIONS

40.1 Manual

NAVAIR 00-807-99 U.S. Naval Aerospace Physiologist's Manual, 1972

Supersedes Page 282 of 2C March 1991

282



NOTICE 2

40.2 Bed

* NATC Rept TM 77-1 SY Analysis o, Flight Clothing Effects on Aircrew Station
Geometry (AD A046260)

NAMRL Report 1164 Empirical Reduction In Potential user Population as the
Result of Imposed Multivarlate Anthropometry Limits
(AD 752 032)

NAVMISCEN Report Reduction in Potential user Population as the Result of
TP-74-6 Imposed Anthropometry Limits: Monte Carlo Estimation

(AD 919 319L)

NAVSHIPS 94323 Human Engineering Guidelines for Maintainability

NEL Report 688 Listening to Differentially Filtered Competing Voice Messages

NRL Repor 155 PsmtoduflOn Speech ClpIn and Filering: Their Effs
on the Intelligibility of Speech

PACMISTESTCEN The Accommodated Population of a Potential User
Report TM-75-46 Population: Compilation and Comparisons of Methods for

Estimation

PACMISTESTCEN Computerized Accommodated Percentage (CAPE)
Report TP-75-49 Model for Cockpit Analysis and other Exclus4on Studies

(AD BOOS 948L)

PACMISTESTCEN Improved Seat, Console and Woroace Design
RepoitTP-76.1 (AD A040 479)

PACMISTESTCEN Recommended Human Exposure Limits for Very-Low-
Report TP-76-36 Frequency Vibration

PACMISTESTCEN Computerized Accommodated Percentage (CAPE): Review
Report TP-76-46 and Prospectus (AD A035 205)

40.3

NAVMEDNOTE 6260 Hazardous Noise Areas. Equipment. Machine and Tools;
Identif-,ation of

50 AIR FORCE PUBLICATIONS

50.1 Maail
AFM 127-201 Missile Safety Handbook

AFP 160-6-7 Maximum Permissible Body Burdens and Maximum
Permissible Concentrations of Radio-Nuclides in Air and
Water for OccupationaJ Exposure
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50.2 R

AFFDL-TDR-64-86 Investigation of Aerospace Vehicle Crew Station Criteria
(AD 452 187)

AFSWC TR 59-11 Human Factors Handbook for Design of Transporting,
Positioning, and Ufting Ground Support Equipment
(AD 227 311)

AFSWC TR 59-12 Human Factors Handbook for Design of Testing and Monitoring
Ground Support Equipment (AD 227 312)

AFSWC TR 59-13 Human Factors Handbook for Design of Protective and Storage
Ground Support Equipment (AD 227 313)

AMRL TDR 64-59 Reach Capability of the USAF Population (AD 608269)

AWRL TR 65-73 Anthropometry of Common Working Positions (AD 632 241)

AMRL TR 66-27 Aperture Sizes and Depths of Reach for One and Two-Handed
Tasks (AD 646 716)

AMRL TR 68-24 Clearance and Performance Values for the Bare-Handed and
the Pressure-Gloved (AD 681 457)

AMRL TR 69-6 Anthropometric Dimensions of Air Force Pressure-Suited
Personnel for Workspace and Design Criteria (AD 697 022) ,

AMRL TR 70-114 Horizontal Static Forces Exerted by Men Standing In Common
Working Positions on Surfaces of Various Tractions
(AD 720 252)

ASD TR 54-520 The Anthropometry of Work Positions (AD 110 573)

AS) TR 56-218 Guide to the Design of Electronic Equipment for Maintainability
(AD 101 729)

ASO T.J 57-248 Acoustical Criteria foi Work Spaces, Living Quarters, and Other
Areas on Air Bases (AD 130 839)

ASD TR 61-381 Guide to the Design of Mechanical Equipment for Maintainability
(AD 269 332)

ASD TR 61-424 Guide to Integrated System Design for Maintainability
(AD 271 477)

ESD TDR 62-4 A Test of the 20 Band and Octave Band Methods of Computing
the Articulation Index (AD 271 606)

Supersedes Page 284 of 14 March 1989
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ESD-TR-63-403 Psychoacoustic Speech Test: A Modified Rhyme Test
(AD 411 983)

ESD TR 86-278 Guidelines for Designing User Interface Software
(AD-A 177 198)

RADC-TDR-62-315 Criteria for Group Display Chains for The 1962-1965
Time Period (AD 283 390)

WADC TR 52-204 Handbook of Acoustic Noise Control (AD 018 260 and

AD 012 015)

WADC TR 55-159 Space Requirements of the Seated Operator (AD 087 892)

WADC TR 58-474 The Effect of Team Size and Intermember Communication on
decision-Making Performance (AD 215 621)

WADD TR 60-814 Audio Warning Signals for Air Force Weapon Systems
(AD 258 477)

50.3 Air Force Systems Command Design Handbooks

Copies of Air Force Systems Command design criteria handbooks may be obtained by
nongovernmental organizations when compliance therewith is required by a Government
contract, or when possession of the handbook will otherwise benefit the Government.
Requests for the following handbooks should be directed to 4950/TZHM, Wright-Patterson. AFB, OH 45433:

AFSC DH 1-1 General Index and Reference

AFSC DH 1-3 Human Factors Engineering

AFSC DH 1-6 System Safety

AFSC DH 2-1 Airframe

AFSC DH 2-2 Crew Stations and Passenger Accommodations

AFSC DH 2-3 Propulsion and Power

AFSC DH 2-6 Ground Equipment and Facilities

60 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION PUBLICATIONS

60.1 Standatds

Copies of the following documents can be obtained by qualified requesters from MSIS
Custodlan/SP34, NASA-Johnson Space Center, HouSton, TX 77058

O Supersedes page 285 of 14 March 1989
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NASA-STD-3000, Volume I Man-Systems Integration Standards

NASA-STD-3000, Volume I! Man-Systems Integration Standards-Appendices

Supersedes page 286 of 14 March 1989
60.2 Bk

Copies of the following documents can be obtained from the Superintendent of
Documents, U.S. Government Printing Office, Washington DC 20402

NASA SP-3006 Bioastronautics Data Book, Second Edition,
J.F. Parker and V.R. West, eds.

70 VOLUNTARY STANDARDS AND GUIDES

70.1 Amerin National Standards Institute (ANSID

Coples of the following standards can be obtained at a nominal cost from the ANSI.
1440 Broadway, New York, New York 10018.

ANSI A12.1 Floor and Wall Openings, Railings, and Toeboards, Safety
Requirements for

ANSI A14.3 Ladders-Fixed-Safety Requirements

ANSI 02 national Electrical Safety Code (NBS H30)

ANSI $1.1 Specification for Octave-Band and Fractlonal-Octave-Band
Analog and Digital Filters (ASA 65)

ANSI Z136,1 Safe use of Lasers

70.2 Amedc=n Sljj Xty for Testg god Materlds. Copies of the following documents can
be obtained at a nominal cost from the American Society for Testing and Materials,
1916 Race Street Philadelphia. PA 19103.

ASTM F 1166-8 Standard Practice for Human Engineering Design Criteria for
Marine Systems. Equipment and Facilities.

70.3 Ameran o ig. Refrianratirig and Air-Conditioning Engineers
(ASUASI Copies of the iollowirn documents can be obtained at a nominal cost from the
ASHRAE, 1791 Tullie Circle, NE, Atlanta, GA 30329.

ASHRAE 55-81 Themal Environmenital Conditions for Human
Occupancy

ASHRAE 62-81 Ventilation for Acceptable Indoor Air Quality Guide and Data
Book (latest edition)

70.4 Illumirnting Engineering Society (IESI of Notth Amnei. Copies of the following
document can be obtained at a nominal cost from the IFES, 345 East 47th Street New York,
NY 10017.

IES Lighting HDBK SEC 9 Application-87, Industrial Ughting

Supersedes page 286 of 14 March 1989
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NOTICE 3
10 February 1994

MILITARY STARD
HUMAN zIW 7ZNG ZsO= CXTUUA 70M MILITARY

XrY*MPS, IMQo! T AN ACILIT

TO ALL VOLDEUS OF MIL-STh.1472S)i

1 TEE FOLLOVING PAGAS OF mIn-STD-1472D SAVE DUE REVISED AND BMPUBED1D THE
Pik=S LI3?1mrt . ... .. . -: 1 - .1 -

5 10 February 1994 3 14 Miarch 1989
6 10 kebruary 1994 6 14 March 1989
7 10 Febroary 1094 7 10 March 1991
8 14 March 1989 8 PIINTU) V10 .CGU

11 10 February 1994 11 14 March .989
12 10 February 1994 12 14 lireb 198961 2'D "lqlbruary.."V4!g ' 1 '1* Mal "¢t 1ftN#

62 10 Febrery 1994 62 14N aeh 18
123 10 February 1994 123 14 March 1989
124 10 February 1904 124 14 lurch 1989
127 10 F obuuary 1t94 127 14 Miarb 1N9
128 14 afth ls9 12 LurIIIaM -EOU? n OIM
136. so June 1992 1S6.
233 10 February 1994 233 14 March 1989
234 10 February 1994 234 14 lurch 1089
285 10 February 1994 285 30 June 1992
286 10 February 1994 286 288 14 March 1989

2. MEAU THE ILLOVIIUG PI32 AND INK CHAINGE8

a. Page 13, pare 3.43, second ine, chaMne paragraph 4" to *paragraph 6.'

b. Page 16, pars 3.72, third liner Change "on-set" to 'onset.'

AMSC Nt/A ARIA EFAC
D18TRIBUTION SUT&TDIET A. Approved for public releases distributlon 1
unlimited.



c. Page 18, para 4.4.g., first line: Change 'insuring' td
"ensuring.w

d. Page 24, para 5.1.4, change "Control display movement
ratio* to "Control/display movement ratio."

e. Page 27, para 5.2.1.1, third line: Delete "his."

f. Page 28, para 5.2.1.3.1, third line: Change "that which
is" to Oinformation.'

g. Page 29, para 5.2.1.4.4, fifth line: Change "insure" to
"ensure."

h. Page 32, para 5.2.1.4.12, third line: Change "never be"

to "be not."

i. Page 32, para 5.2.1.5.2, second line: Delete "codix.a."

J. Page 35, para 5.2.2.1.17, third line: Change "insure" to
"ensure."

k. Page 35, para 5.2.2.1.18e., third line: Delete "etc."

1. Page 36, para 5.2.2.1.19, first line: Change "indicator"
to 'display."

m. Page 41, para 5.2.3.1.10.1, third line: Change to read,
"level, caution, undesirable - and inefficient

n. Page 41, par& 5.2.3.2, change "indicators" to *displays.'

o. Paqe 46, par& 5.2.3.3.3, 4th line: Delete "space before
bat."

p. Page 65, pars 5.3.12.1.a., second line; Change "S3.2-
1960" to 'ANSI S3.2".

para 5.3.12.1.c., third line: Delete "-1969".

q. Page 71, para 5.4.1.4.3, fifth and sixth lines: Change
"not be" to "be not."

r. Page 72, para 5.4.1.8.1, fourth line: Change
"degredation" to "degradation' and *functions' to
"performance."

s. Page 73, para 5.4.1.8.4.f, third line: Add "is" after
"control."

t. Page 73, para 5.4.1.8.5, second line: Add 'or input'
after "force."
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u. Page 75, para 5.4.2.1.2.1, second line: Change *go no-go'

to 'go/no-go.'

v. Page 91, figure 11, change '9.50 to "10'.

w. Page 94, para 5.4.3.1.4.1, fourth line: Edit to read
"...control or legend switch control is not feasible or when
the toggle....

x. Page 99, para 5.4.3.1.7.3, third line: Delete third line.

y. Page 113, para 5.4.3.2.5.1, fourth line: Delete "etc."

z. Page 175, para 5.8.3.2, third line: Add ODA PAM 40-501"
after "5100.2380.

aa. Page 177, para 5.8.3.4.3, third line: Delete ', as
defined by ANSI S1.1,

bb. Page 193, para 5.9.11.3.3, second line: Change 'XXIV" to'XXIII."

cc. Page 237, Change '5.13.7.5 Tra.prg." to 15.13.8 Lgainax .

3. RETAIN THIS NOTICE AND INSERT BEFORE TABLE OF CONTENTS.

4. Holders of MIL-STD-1472D will verify that page changes and
additions indicated above have been entered. These notice
pages will be retained as a separate check lint. This
issuance, together with appended pages, is a separate
publication. Each notice is to be retained by stocking points
until the military standard is completely revised or
cancelled.

Custodians: Preparing activity:
Army - MI Army - MI
Navy - AS
Air Force - 11

(Project HFAC-0058)
Review activities:

Army - AR, AT, AV, CR, ER, GL, ME, MD, MR, TE, TM, EA
Navy - EC, MC, MS, OS, PE, SH, TD
Air Force - 13, 14, 19, 26

User activities:
Army - AL
Navy - YD

Civilian agencies:
NASA - MSFC
DOT - RDS
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MIL-STD-783 Legends for Use in Aircrew Stations and"on
Airborne Equipment

MIL-STD-850 Aircrew Station Vision Requirements for
Military Aircraft

MIL-STD-1179 Lamp, Reflectors and Associated Signalling

Equipment for Military Vehicles

MIL-STD-1180 Safety Standards for Military Ground Vehicles

MIL-STD-1247 Markings, Functions and Hazard Designations
of Hose, Pipe, and Tube lines for Aircraft,
Missile and Space Systems

MIL-STD-1280 Keyboard Arrangements,

=Il-STD-1Z94 Acoustical Noiim Limits- in -Helioopters

MIL-STD-1333 Aircrew Station Geometry for Military
Aircraft

MIL-STD-1348 Knobs, Control, Selection of

MIL-STD-1473 Standard General Requirements for Color and
Marking of Army Materiel

MIL-STD-1474 Noise Limits for Military Materiel

MIL-STD-1787 Aircraft Display Symbology

HANDBOOKS

MILITARY

DOD-HDBK-743 Anthropometry of US Military Personnel

MIL-HDBK-759 Guman Factors Engineering Design for Army
Materiel

(Unless otherwise indicated, copies of federal and military
specifications, standards and handbooks are available from the
Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.)

2.1.2 Other irnmvnt a Mgntt drawings. and
puh14eat!onM. The following other government documents,
drawings and publications form a part of this document to the
extent specified herein. Unless otherwise specified, the issues
are those cited in the solicitation.

Supersedes page 5 of 14 March 1989
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PUBLICATIONS

ARMY

DA PAN 40-501 - Hearing Conservation

NAVY

OPNAVINST 5100.23B Rearing Conservation Program

AIR FORCE
ArR 161-35 - Hazardous Noise Expoure (Regulation)

FEDERAL REGULATION
29 CF 1910 - Occupational Safety and Health Standards

(Copies of other government documents, drawings, and
publicaties requixed by ootzaato" ia. cameot~tn with p ecific
procurement functions should be obtained from the procuring activity
or as directed by the contracting officer.)

2.2 Onn- zwlkvnr nt rbliatinns. Tha following document (s) form
a part of this document to the extent specified herein. Unless
otherwise specified, the issues of the documents which are DoD
adopted are those listed in the issue of the DODISS cited in the
solicitation. Unless otherwise specified, the issues of documents j
not listed in the DODISS are the issues of the documents cited in
the solicitation (see 6.2).

Human Engineering Guide to Equipment Design, 1972 Edition

(Application for copies should be addressed to the Superintendent
of Documents, US Government Printing Office, Washington, DC 20402)

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)
Threnhold Limit Values

(Application for copies should be addressed to the ACGIH In-.,
6500 Glenway Ave. Bldg. D-7, Cincinnati, OB 45211)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI S1.4 Sound Level Meters (ASA 47)
ANSI S1.6 Preferred Frequencies and Band Numbers for

Acoustical Measurements (ASA 53)

ANSI S3.2 Method for Measuring the Intelligibility of
Speech Over Communication Systems (ASA 85)

ANSI 63.5 Articulation Index, Methods for the Calculation of.

(Application for copies of ANSI S1.4, S1.6, and S3.2 (ASA 47, 53
and 85) should be addressed to Professional Book Distributors, Inc.,
ASA Standards Distribution Center, 1650 Bluegrass Lake Parkway,

Supersedes page 6 of 14 March 1989
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P.O. Box 6996, Alpharetta, GA 30239-6996. Application for
copies of other ANSI standards should be addressed to the
American National Standards Institute, Inc., 11 West 42nd
Street, New York, NY 10036.)

AMERICAN SOCIETY OF TESTING AND MATERIALS (ASTM)

ASTM E 380 Metric Practice, Standard for

(Application for copies should be addressed to the American
Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103)

HUMAN FACTORS AND ERGONOMICS SOCIETY (HFES)

ANSI/HFS 100 American National Standard for Human
Factors Engineeritg of Visual Display
Terminal Workstations

(Application for copies should bp addressed to the Human
Factors and Ergonomics Society, Inc., P.O. Box 1369, Santa
Monica, CA 90406)

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO DIS 2631 Guide to the Evaluation of Human
Exposure

to Whole Body Vibration

(Application for copies should be addressed to the American
National Standards Institute, Inc.f 1430 Broadway# New York, NY
10018)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

SAE J925 Minimum Access Dimensions for
Construction and Industrial Machinery

(Application for copies should be addressed to the Society of
Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA
15096-0001)

(Non-Government standards an other publications are normally
available from the organizations that prepare or distribute the
documents. These documents also may be available in or through
libraries or other informational services.)

2.3 order af rgf~rPnn&. In the event of a conflict between
the text of this document and the references cited herein, the
text of this document takes precedence. Nothing in this
document, however, superseded applicable laws and regulation
unless a specific exemption has been obtained.

Supersedes page 7 of 20 March 1991
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MIL-STD-1472D
Notice 3

3.22 D. A structured series of interchanges between a use
and a computer terminal. Dialogues can be computer initiated, e.g.,
question and answer, or user initiated, e.g., command languages.

3.23 n. The condition in which the sound stimulus
presented at one ear differs from the sound stimulus presented at th
other ear. The stimulus may differ in sound pressutre, frequency,
phase, time, duration, or bandwidth or other characteristics.

3.24 fisilay format. The organization of different types of data
in a display, including information about the data such as labels,
and other user guidance such as prompts, error messages.

3.25 Eff.r±1v. tamnralure. An empirically determined index whic
combines into a single value the effect of temperature, humidity, an
air novemnt on the sensation of warmth or cold felt by the human
body. The numerical value is that of the temperature of still,
saturated air which would induce an identical sensation.

3.26 Entor. An explicit user action that effects computer
processing of user entries. For example, after typing a series of
numbers, a user might press an ENTER key that will add them to a dat
base, subject to data validation.

3.27 fAm a. General term designating any item or group of
* items.

3.28 EqQUImnnt 1aiLur. Cessation of the ability to meet the
minimum perfomance requirements of the equipment specifications.
Further, equipment failure shall imply that the minimum spwciUtld
performance cannot be reator*d through pezaissible roadjustmt of
operator controls.

3.29 AcL tip.I A physical plant, such as real estate and
improvements thereto, including building and equipment, which
provides the means for assisting or making easier the prtormance of
a system funct4on. The facilities to which this standard apply are
those in which personnel perform system operational or maintenance
duties.

3.30 FA1i-safa desiag. Design where a failure will not adversely

affect the safe operation of the system, equipment, or facility.

3.31 FlJ4. See "Data Field.0

3.32 LU&. A collection of data that is stored in a computer,
treated as a single unit by the operating system of the computer.

3,33 LunctionkU. A key, such as the SHIFT key, which initiates
or modifies a machine function, (e.g., effects a control entry,
instructs the computer to perform a step, or a series of steps) but
Standard Code of Information Exchange (ASCII).

Supersedes page 11 of 14 March 1989
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3.34 UJR. A capability that displays information upon user request for q
on-line guidance. IlELP may inform a user gnerally about the syste" -
capabilities. or may provide more specific guidanc in intomtion handling
trmnsactions.

3.35 ML;abL. z~a. Emphasizing displayed data or format fetatures in some
way, e.g., through the use of underlining, bolding, or inverse video.

3.36 RIman npn&erin. 4m eransim. Stated limits on design to achiev
the objectives of human engineering.

3.37 ln~nxmax4.z. Organized data that users need to perform their tasks
sucoe Safully. Information serve as an mwae to a user' question about
data and ispUss effective saaimlatia of data by a user. Data that have
been processed and fozulated by automated or manual means to satisfy a
knowlefde eoquiromnt fox use by a decision maker.

3.38 tt .. Stopping an ongoing trasactiaon in order to redirect the
course of the pL+ocassing. Syaslea of interrut optima are AD=, 3&CWW,
CANCEL, and RESTART.

3.39 L=m4 nanc 0t-X3an . The contrast between the background anti a figure
equals the difference between the higher luminance (Li) and the lower
luminame (L2) divided by the lower luminance (L2); i.e.#

L2

Conversioos to the other contrast formlae are as follows:

L1  L2  L1-L2  il-2 LJ1  10
(brIghter) (dimer) L lL*L 1

Lo 50 1.0 0.50 (50) 0.33 2.0
100 25 3,0 0.75 (75%) 0.60 4.0
100 10 9.0 0.90 (90%) 0.62 10.0

3.40 .LMii WAn xaltia (LA. The ratio of the target, subject or eyabol
lminanoe to the surounding field or background luminance. For projection
systems, the luminance ratio is equal to the light output of a proeictor
(meacnued with no film In the projector) reflected off the screen (image
luminmme) divided by all the light f0lling on the ecreen (measured tram the
greatest viewing angle) other than that actually foming the image (nimVu ,
background): i.e.,

L where: L - Image or subJect luminance
Ln Ln - Nonimage or background luminance

3.41 UA=. The capability to allow the user to assign a single name or
function key to a defined series of commands for use with subsequent comand
entry. Sometimes called "smart key* or "script." Exanples of use are storaq
of addresses or signature blocks that are frequently used. Usually initiated
through use of a function key.

3.42 Ma inakitit. drm nr fnr. Design considerations directed toward
achieving those combined characteristics of equipment and facilities which
will enable the accooplisahent of necessary maintenance quickly, safely,
accurately, and effectively with minimm requirements for personnel, skills_
special tools, and cost.

Supersedes page 12 of 14 March 1989
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5.3.5.5 )iesaae ennten~, In selecting words to be used in audio
warning signals, priority shall be given to intelligibility,
aptness, and conclsenes in that order.

5.3.5.6 Critical warnings and mRaB& r rioritij=.

5.3.5.6.1 Critinal wamn@ -iftnmla. Critical warning signals
shall be xepeated with not More than a 3-second pause between
messages until the condition is corrected or overridden by the crew.

5.3.5.6.2 Ma.saqP zAtiAi=s. A message priority system shall be
established and more critical messages shall override the
presentation of any message occurring below it on the priority list.
If two or more incidents or malfunctions OCCUz smuultaneously, the
message having the higher priority shall be given first. The
remaining messages shall follow in order of priority. In the event
of a colete subsystem failure, the system shall integrate previous
messages via electronic gating and report the system rather than the
oo.Nqo *at ftilue ...........

5.3.6 ongrnl..for audoja warnipn devtei .

5.3.6.1 Auto--tic . r aamial ahit-off'. When an audio signal is
designed to persist as long as it contributes useful information, a
shut-off switch controllable by the operator, the sensing mechanism,
or both, shall be provided, depending on the operational situation
and personnel safety factors.

5.3.6.2 h t n r ama. Whthex audio warning signal are
designed to be terminated automatically, by manual control, or both,
an automatic reset function shall be provided. The automatic reset
funetim stall be. controlled -by -tke wms - wbich sball
recycle the signal systfa to a specified condition a a function of
tive or the state of the signalling system so that the warning
devIce can sowd ag in it the condition repeats.

5.3.6.3 Rd dnt Vdataua Uasninn . All non-verbal aural
annunciations shall be accompanied by a visual annunciation which
defines the condition. In a cockpit, this may be an illuminated
display. In the case of a warning horn on a backing vehicle, the
vehicle's backward motion is adequate visual annunoiation.

5.3.6.4 YolUMS tontrnL.

5.3.6.4.1 ttommtic o_ ranal. The volume (loudness) of &n auldo
warning signal shall be designed to be controlled by the operator,
the sensing mechantsm, or both, depending on the operational
situation and personnel safety factors. Control movements shall be
restricted to prevent reducing the volme to an inaudible level or
increasing it to an unacceptably high level.

5.3.6.4.2 rnaing tgn mnd. Awlthe.. Volume controls may be
ganged to mode switches to provide maximum output during mission
phases in which intense noise may occur and to provide reduced
volume at other times. Ganging shall not be accomplished if there
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is a possibility that intense noise may oqcur in an eMergency-
situation during a mission phase in which the volum would be
decreased below an audible love],.

5.3.6.4.3 Caution sianA"Uanaol. Audio caution signals shall
be providd with manual reset and volume controls.

1 3.6.5 Daat= Audio warning signal duration shall be at
least 0.5 second, and may continue until the appropriate response
is made. Completion of a correctiv, action by the operatox or by
other means shall autoMticaly terMinate th. signal.

5.3.6.6 Dut~nliiain.in an emergency situation,
-signals that persist or increase progressively in level shall not
be used if manual &but-off may interfere with the corrective.
action required.

5.3.7 p.chtnmiin 4w1-

5.3.7.1 Frginy Microphones and associated system-input
devices shall respond optimally to that part of the speech spectrum
most essential to intelligiility (i.. 200 to 6,100 Ht). Where
system engineering necessitates spescb-traamaission bandwidt.hs
narrower then 200 to 6,100 Hz, the minimm acceptable frequency
range shall be 250 to 4,000 Rx.

5.3.7.2 DvnAnmrG rano. The dynamic range of a microphone Used
with 0a selected a~Uliir shall be great enough to admtit
variations in signal input of at least 50 dB.

S.3.7. 1algCne3g3 L.. . an. ftvery loud*1 loW
frequency noise onvirormento (100 dS overall), noise canceallng
microphones shall be used and shall be capable of affecting an
iOPrOvlSent of not less than 10 dB peak-speech to roat-man-
squar*-noise ratio as compared with non-noie-canceling
microphones of equivalent transmission characteristics.

5.3.144 Ega-eabAjj,. If necessary, speech system input
devices should emloy frequency pres-eWphasis with a positive slope
frequency characteristic no greater than is dB per octave from 140
to 1,500 RZ, and no greater than 9 dB per octave over the
frequency rainge 1,500 to 4,800 Hz, when no clipping is used.

5.3.7.5 atn j1pn1 ?.pp'*pma. fhet. speech signals
are t* be transmitted over channels showing loss than 15 dB peak
speech to root-mean-square-noise ratios, peak clipping of 12 to 20
dB may be eMployed at system input and may be preceded by
frequency pro-emphasis as specified in 5.3.7.4.

5.3.7.6 Ha~fts, !mbADWiJ Whi the talker i3 in an intense noise
field, the microphone should bo put in a noise shield. Noise
shields should be designed to meet the following requirements:
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5.5.5 00ALCMi 6f lahel mhsrattmrR.

5.5.5.1 H1aCk e.haranttrs. Where the ambient illuminance will
be above 10 lux (0.9 ft-c), black characters shall be provided on
a light background.

5.5.5.2 Dark AdAptatin. Where dark adaptation is required,
the displayed letters or numerals shall be visible without
interfering with night vision requirements. Where possible,
markings shall be white on a dark background.

5.5.5.3 A.tIa. Style of label characters shall conform to
MIL-M-18012, where consistent with 5.5.5.4, 5.5.5.5, 5.5.5.7, and
5.5.5.8, herein.

5.5.5.4 Crantal im lower ap.

5.5.5.4.1 LI . Labels shall be printed in all capitals;
periods shall not be used after abbreviations.

5.5.5.4.2 geciaa. Legends shall be printed in all capitals;
periods or commas shall not be used.

5.5.5.4.3 ZAr.0a. Instructional material placards may employ
capitals and lower came when the amount of material Consists of
several linesv hove r, for short, instructional material, all-
capitals are preferred. All-capital material, consisting oflarger caps for the initial letter in a paragraph, line of
instruction or procedural step, may be used.

5.5.5.4.4 Sig= . Signs shall consist of all-capitals, except
when -the sign is Lnst - tional and involves several lines of
extended sentences, in which case capitals and lower case letters
may be used.

5.5.5.5 zmtt width. The width of letters should be 3/5 of
the height, except for "M" and "W", which shall be 4/5 of the
height, and "1, which shall be one stroke wide.

5.5.5.6 P ral Midth. The width of numerals shall preferably
be 3/5 of the height, except for the "4", which shall be one
stroke width wider, and the "1" which shall be one stroke wide.

5.5.5.7 Wide £lhraerk. Where conditions indicate the use of
wider characters, as on a curved surface, or where numerals must
be aligned vertically in columns, the basic height-to-width ratio
may be increased to as much as 1:1.

5.5.5.8 Stroke width. normal. For black characters on a white
(or light) background, the stroke width shall be 1/6 to 1/7 of the
height.
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5. 5.5.9 Str*kt width, dark 3 EmLtmtn Where dark adaptation
is required or legibility at night is a critical factor, and
white characters are specified on a black background, the stroke
width of the characters shall be from 1/7 to 1/8 of the height
(i.e., narrower than specified for normal daytime vision). The
stroke width shall be the same for all letters and numerals of
equal height.

5.5.5.10 Strnkp width. trmnqi11nyi1nmted haract-ars, For
transilluminated characters, the stroke width shall be 1/10 to
1/11 of the height.

5.5.5.11 hApoet or aoui=. The -minims Space between
characters shall be one stroke width.

5.5.5.12 Word spnrins. The minimum space between words shall
be the width of one character.

5.5.5.13 Ling ma&DA". The minimum space between lines shall
be one-half character height.

5.5.5.14 T.ahl SJ4Z v i ,wainArt. The height of letters and
numerals shall conform to Table XI.

5.5.5.15 rhraCterZ htiht and vrmaLna rtnn,. For general
dial and panel design, with the luminance normally above
3.5 cd/m (I fL), character height should be not less than
0.006 X the viewinq distance.

5.5.6 EL~i~nntlamhibling.

5.5.6.1 flnime. Am 1w vlapmiA nti IUaL=.

5 5.6.i.1. (.-nral J uirnri . Each unit, assembly,
subassembly and part shall be labeled with a clearly visible,
legible, and meaningful name, number cod*, mark or symbol, as
applicable.

5.5.6.1.2 Lga ij. The gross identifying label on a unit,
assembly or major subassembly shall be located:

a. Externally in such a position that it is not obscured by
adjacent items.

b. On the flattest, most uncluttered surface available.

c. On a main chassis of the equipment.
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c. The units of measurement (e.g., volts, psi, meters)
shall be labeled on the panel.

d. Labels shall be used to identify functionally grouped
controls and displays. The labels shall be located above the
functional groups they identify. When a line is used to enclose
a functional group and define its boundaries, the label shall be
centered at the top of the group either in a break in the line
or just below the line. When colored pads are used, the label
shall be centered at the top within the pad area.

e. Label location throughout a system and within panel
groupings shall be uniform.

f. Adjacent labels should be separated by sufficient space
so they are not read as one continuous label.

5.5.6.2.5 -al hie1 la4inq. A hiszarchical labeling
scheme should be used on control and display panels to reduce
confusion and search time. Major labels should be used to
identify major systems or operator work stations and component
labels should identify each panel or cogsole element. Labels
should not repeat information contained in higher-level labels.

5.5.6.2.6 sit. ga tUA tn. To reduce confusion and operator
search time, labels shall be graduated in size. The characters
in group labels shall be larger than those used to identify
individual controls and displays. The characters identifying
controls and displays shall be larger than the characters
identifying control positions. With the smallest characters
determined by viewing conditions, the dimensions of each
character shall be at least approximately 25 percent larger than
those of the next smaller label.

5.5.6.2. 7 hwhrbmd it=. Items that are located overhead
and out of view should be identified with labels on walls with
an arrow pointing in the direction of the item or by a label on
the floor directly below the item.

5.5.6.3 atnrnge rahinptM. The contents of storage cabinets
should be labeled on the outside of the cabinet door. For large
storage cabinets, labels should be placed at standing eye
height, i.e., from 1.270 to 1.650 mwters (50 to Z5 inches) above
the standing surface. A prominent redundant label that
identifies the cabinet's contents should be visible when the
door is open.
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5.13 Hazard and safety.

5.13.1 enarli. Design shall reflect the safety related human
engineering criteria below as well as in other sections of this
standard.

5.13.2 Safty labls and ZlaeardR.

5.13.2.1 Warnn 2ilae=aL&. Conspicuous placards shall be
mounted adjacent to any equipment which presents a hazard to
personnel (e.g., from high voltage, beat, toxic vapors, explosion,
radiation).

5.13.2.2 (new r-of-Cw=vty&v d a iqht. Where applicable, the
center of gravity and the weight of equipment shall be distinctly
marked.

5.13.2.3 U4 echt -  aUa&Iy. The weight capacity shall be
indicated on stands, hoists, lifts, jacks, and Similar wsigbt-
bearing equipment, so as to prevent overloading.

5.13.2.4 !ntie an n 2=0 pr4e~v ~a Areas of
operation or maintenance where special protective clothing, tools,
or equipment are necessary (e.g., insulated shoes, gloves, suits)
shall be specifically identified.

5.13.2.5 "NO-=SP" ,mr1kna,. "NO-STEP" -markings shall be
provided when necessary to prevent injury to personnel or damage
to equiwent,

5.13.2.4 1 *, -4i *ahmI . All receptacles shall be marked
with their voltagQ, phase, and frequeney characteristics, as
appropriate. For other electrical labeling and warning
requirements, m HM-STD-454.

5.13.2.7 N gtan arua. Hand grasp areas shall be
conspicuously and unambiguously identified on the equipment.

5.13.3 Rip&. hne. and tbe Line =e t~fieation. Pipe, hOse,
and tube lines for liquids, gas, and st*a shall be clearly and
unambiguously labeled or coded as to contents, pressuro, hoat,
cold, or other specific hazardous properties in accordance vith
MIL-STD-1247.

5.13.4 enera1 vnrksa~e hazad.

5.13.4.1 Alertina deviec. A hazard alerting device shall be
provided to warn personnel of impending danger or existing hazards
(e.g., fire, the presence of combustible or asphyxiating gas, and
radiation).

5.13.4.2 & nrgh dnnr't anr n xniQZ Emergency doors and exits
shall be constructed so that they:
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a. are simple to operate, C

b. are readily accessible,

C. are unobstructed,

d. are simple to locate and operate in the dark,

e. are quick opening in three seconds or less,

f. requie 44 to 133 N (10 to 30 Ibs) of operating force to
open,

g. do not themselves, or in operation, constitute a safety
hazrd, and

h. permit one person egress in 5 seconds or less.

5.13.4.3 Atmu., Stairs, ncludinq incline, step rises, and
treads, shall conform to standar4 safe des&gn pot s. S3kid-proof
flooring, stair, and step trads shall be previded. Where
conditions warrant special precaution, surfaces shall cotiform to the
nonslip coatifg requIrwants of MIL-W-5044 and NIL-*-5050.

$13.4.4 st-aetJ-=. Workspace around areas where maintenance
is performed shall be free of obstructions which could cause injury
to personnel, either through accidental contact with the obstruction
or because the obstsuctiUm requizes an awkward or dangerous body
positipn.

5.13.4.5 LUmAn n. Admqpaat. illumination shall be ptvided
in all areas. Warning placards, staiways, and all hazardous areas
shall be illuminated, in adcordance with the ro tnded levels of
Table XKZ.

5.13.4.6 t'Am1rn~tvtbYiIf qimint~~th. in iioual
operation, exposes pesOnoel to surface teqeratures greater or less
than those shown below, shell be appretiAtely guaafsd. Su.-ace
temperatures induced by climatic environment are exempt from this
requirement. CryOgnic systafs shall also be apropriately guarded.

Te4erature limits

MXAL G"M~a

Momentary contact 600 C 68* C 85* C
(1400 F) (154' r; (185' F

Prolonged contact 49' C 59' C 69' C
or handling (120' F) (138' F) (156' F)

Momentary contact 0 C O C 0 C
(32* F) (320 F) (32 F)

Prolonged contact 0' C 00 C 00 C
or handling (320 F) (320 F) (32' F)
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ESD-TR-63-403 Psychoacoustic Speech Test: A Modified
Rhyme Test (AD 411 983)

ESD TR 86-278 Guidelines for Designing User Interface
Software (AD-A 177 198)

RADC-TDR-62-315 Criteria for Group Display Chains for The
1962-1965 Time Period (AD 283 390)

WADC TR 52-204 Handbook of Acoustic Noise Control
(AD 018 260 and AD 012 015)

WADC TR 55q-159 Space Requirements of the Seated Operator
(AD 087 892)

WADC TR 58-474 The Effect of Team Size and Znternember
06 Communication on decision-Making Perfozmance

JAD 215 621)

WADD TR 60-814 Audio Warning Signals for Air Force Weapon

Systems (AD 258 477)

60 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION PUBLICATIONS

60.1 tangAzda

Copies of the following documents can be obtained by
qualified requesters from MSIS Custodian/SP34, NASA-Jochnsor Space
Center, Houston, TX 77058

NASA-STD-3000, Volume I kan-Systems Integration Standards

NASA-BTD-3000, Volume 11 Moa-Systems Integration Standards-
Appendices

60.2 Zng

Copies of the following document can be obtained from the
Superintendent of Documents, U.S. Government Printing Office,
Washington DC 20402

NASA SP-3006 Bioastronautics Data Book, Second Edition,
J.F. Parker and V.R. West, eds.
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70 VOLUNTARY STADARDS AND GtIIDES

70.1 AnMrjrjQmr Natpnnml stardrdm I tttAtI ~ 1 Copies of
ANSI A12.1, A14.3t C2, and Z136.1 can be obtained at a nominal
cost from the ANSI, 11 West 42nd Street, New York, Now York
10036. Copies of ANSI $1.11 can be obtained at a nominal cost
from the Professional Book Distributors, Inc., ASA Standards
Distribution Center, 1650 Bluegrass Lake Parkway, P.O. Box 6996,
Alpharetta, Georgia 30239-6996

ANSI A12 .1 Floor and Wall Openings, Railings, and
Toeboards, Safety Requirement* for

ANSI A14.3 Ladders-Fixed-Safety Requirements

ANSI C2 National Electrical Safety Code (IIBS U30)

ANSI $1.11 Specification for Octave-Band and
Fractional-Octave-Band Analog and Digital
Filters~ (ASA 65)

ANSI Z136.1 Safe Use of Lasers

70.2 Awr{ican Soalatu~ for 'retin And.NaterUA1R. Copies of the
following documents can be obtained at a nominal cost from the
American Society for Testing and Materials, 1916 Race Street,
Philadelphia# PA 19103

ASTM F 1166-8 Standard Practice for Human Engineering
Desigun Criteria for Marine Systems,
Equipment and Facilities

70.3 awricow n ati. of, W.tmtint2. Bo gfaratingai Andhr-
=djtit Aning .ngOnCmr& EhfLfLA. Copies of the following

documents can be obtained at a nominal cost from the AS1ZRAE,
1791. Tullie Circle, NE, Atlanta, GA 30329

ASURAE 55-81 Themnal Envimousental Conditions for Human
Occupancy

ASIIRAE 62-81 Ventilation for Acceptable Indoor Air
Quality Guide and Data Book (latest
edition)
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70.4 a.
Copies of the following document can be obtained at a nominal
cost from the IES, 345 East 47th Street, New York, NY 10017

IES Lighting HDBK SEC 9 Application-87, Industrial
Lighting

70.5 NationAl Fire Protae-tnijA e atian 1N!PA). Copies of
the following document may be obtained from the NFPA,
60 Batterymarch Street, Boston, MA 02110

NFPA 101 Code for Safety to Life from Fire in Buildings

and Structures

80 BOOKS

The documents listed below are normally available in general
and technical libraries:

a. A CollAton Qf Anthrongmgt-rV, J. W. Garett and K. W.
Kennedy. Aerospace Medical Research Laboratory, Wright-Patterson
Air Force Base, Ohio. 1971. (2 Volumes) (AD 723 629; Library of
Congress Catalog Card No. 74-607818)

b. Dirtlnsn 1 0 HuM-an/(nmpter T-ttA ra c4fn. A. Badre and
B. Schneidezman, £4s., Ablex Publishing, Norwood, NJ, 1982

c. 'nnr~mnnpL- nf .eriaetd C rbiea, J. D.
Foley and A. Van Dam, Addison-*esley, Reading, 14, 1982

d. X~nIA1 S&aty 8=1roment - U.S. Army Enqiaeer Manual
38S-1-1.

D. Meister and D. J. Sullivan, The Bunker-Ramo Corp., Contract
No. N0001468-C-027E, Work Unit No. NR196-080 (AD 693 237),
Office of Naval Research, 30 August 1969.

f. HumAn &gin"Xing GjindP to FZpiimuint .fl'ian - H. P. Van
Cott, and R. G. Kinkade, eds., Wiley, 605 Third Ave., New York,
NY 10158, 1972 (Library of Congress Catalog Card No. 72600054).
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g. Inntrn Vfintrn na of RAoimna pra~titp.
-Latest Edition, America Conference of Governmental
Industrial Hygienists, Committee on Industrial Ventilation,
P.O. Box 453, Lansing, Michigan.

h. Liahting .adok illuminating Engineering Society
(IES), latest edition.

i. Rgf-wAr& Pgyechp1pgM: Human Factors in Computer and
Information Systems. B. Schneiderman, Winthrop Publishers,
Cambridge, MA, 1980.

J. symbnl Sorn ankf H, Dreyfuss 1972, McGraw-Hill
Book Company, ibrary of Congress Card No. 71-172261.

k. :tfb Hman body In Rql1$pment Qmm* 9 n, A. Damon, H. W.
Stoudt, and R. A. McFarl.and, Rarvard University Press,
Cambridge* Mass, 1966. (Libry of Congress Catalog Card No.
65-22067).

1. Enainimwririga Athl-ooma.t-ru datboda_. 3. A. Roebuck, K(.
H. E. Kroemer and W. G. Thoasont John Wiley and Sons, New
York, NY 1975 (Library of Congress) Catalog Ao. 74-34272.)

Copies of specification, standardst and other publications
required by contractors in connection with specific
promurement functions -should be obtained Zrom the procuring
agency or as directed by the contracting orricer.

Technical society and technical association specifications
and standards are generally available for reference from
libraries. They are also distributed among technical groups
and usi~ng Federal Agencies.
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