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Notes to Reviewers:

1. This workbook has been set up so that original
materials from MIL-STD-1472B are printed on white
pages, with recommended modifications for each
white page section printed on yellow. This allows
one to first review the original material, along
with recommended modifications section by section.

[p]

Although the primary objective has been to minimize
reorganizing the order of original materials, it

has been necessary in some cascs to do some reorganiz-
ing in order to add new materials.

3. It should be noted that there have been a few
slight modifications with respect to specific criterion
values that were in the original (i.e., in terms of
dimensions, rates, times, forces, etc.), in order
to minimize some of the conflicts that have occurred
between MIL-STD-1472 and other military standards
and specifications. Such changes were based on
judgment that such changes do not materially affect
human performance.

4. Many of the new materials recommended for addition
to MIL-STD-1472 have been based on best judgment
of various experts based on experience and consensus
(since specific research data was not available).
Your critical review of these are solicited, especially
if you have knowledge of research information to sug-=
gest that such recommendations are not correct.

5. Note that tables and figures in yellow sections have
not been numbered purposely, since until decisions
have been made as to which recommendations might be
used for revising MIL-STD-1472B, such numbering might
confuse the reviewer. Hopefully such tables and fig-
ures have been placed appropriately so you can relate
them with text references.
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ORIGINAL REQUIREMENT

MFI COMMENTS

1.1 SCOPE -

This standard establishes general human engineering criteria for
development of military systems, subsystems, equipment and facilities.

1.2 PURPOSE -

The purpose of this standard is to present human engineering design
criteria, 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 meintenance.

1.3 APPLICATION -

This standard shall be applied to the design of all systems, sub-
systems, equipment and facilities. HNothing in this standard shall be

construed as limiting the selection of hardware, materials, or processes
to the specific items described herein.

Some of the statements in this
Section could be improved by minor
revision as indicated.

The matter of conflicts with other
standards would be appropriate to
include in this Section as indi-
cated in the MFI Recommended
Modifications and Rationale.
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MF1 RECOMMENDED MODIFICATION

RAT IONALE/REFERENCES

1.1 SCOPE -

This standard defines human engineering criteria for util-
ization in dvvelop1ng, procuring, and evaluating systems, sub-
systems, equipment, and facilities for military use.

1.2 PURPOSE -

The purpose I this standard is to ensure that all military
systems, subsystems, equipment, and facilivies will be designed
for proper interface with their operators and maintainers, to
enhance human—system performance capability, and to reduce manning
and training requirements, and insure adequate safetv,

1.3 APPLICATION -

This standard shall be applied to the design of all systems,
subsystems, equipment and facilities for military use, subject to
the following limitations.

1.3.1 Aircraft Flight Control Stations ~ Only those provisions
which specifically cite applicability to aircraft £light control
stations shall apply to such stations.

1.3.2 Design Limits —~ Design limits are generally presented in
the texT or in tables referenced to the text or keyed to illus-—
trations. Some illustratioms include a specification of limits
or characteristics directly on the illustration. 1In the absgence
of limiting specifications the illustrations should be construed
as examples only, and do not provide design limits with respect
to approach, hardware, materials, or range of acceptable values.

1.3.3 Conflicts With Other Standards - Some provisions in this
Standard may be in conflict with provisions in other standards
and specifications which are called out in development contracts.
When a Lonfllct occurs, the procuring activity shall determine
which provisions of the respective documents shall govern.

More specific to "interface" design,

To avoid implication that 1472 is
a design specification.

Although we have tried to eliminate
as many conflicts as possxble, some
will remain until "other™ documents
are revised,
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2.1 SPECIFICATIONS AND STANDARDS -

Specifications

Add the following:

MIL-C~-81774 Control Pancl. Aircraft, General Requirements

This very comprehensive specifica-
For. tion has considerable human engin-
eeyring content.




ORIGINAL REQUIREMENT

MFI COMMENTS

DETAILED REQUIREMENTS

5.1  CONTROL/DISPLAY INTEGRATION -

5.1.7 General Criteria -

5.1.1.1 Compatibility - Controls shall be compatible with their associ-
ated displays. The control-display relationships shall be functionally
effective and regquire 2 minimun of decoding or mental involvement on the
part of the operator.

5.1.1.2 Relationship - The relationships ¢f a conirol to its associated
display anc the display to the control shail be immediatelv apparent and
unambiguous to the operater. Coatrols shall normxlly be jocated adjacent
to (preferably under or to the right of) their 2ssociated displays and
positioned s that neither ihe control nor the lLand normally used for
setting the control will obscure the display.

5.1.1.3 Desicn - Control-dispiay releticnships shall be gpparent through
design considerations of proximi.y, siuilarity o ¢roupings, coding,
framing, labeling, and simlar tecnniques.

¢ 1.1.4 Precision ~ The precision required of contrei ~2nipulation shall
be consistenl with the precision required by the system. The precision
of display presentation shall be consistent with the renge of ceatrol
movements required for adeguate systen performance.

5.1.1.5 Feedback - Feedback on contr>l response adequacy shall be
provided.

. v

Titles do not convey purpose of
praragraph content

Paragraph sentences tend to o¢bscure
primary objectlLive.

Feedback requirement is too sim-
plistic -- needs clarificatien.




MF1 RECOMMENDED MODIFICATION

RATONALE/REFERENCES

5.1
5.1.1

L 2

5. DETAILED REQUIREMENTS

CONTROL/DISPLAY INTEGRATION

General Criteria

[V NNURN S A SV

No change




MF] RECOMMENDED MODIFICATION
5.1.1.1

RATIONALE/REFERENCES

Compatibility - Control-display relationships shall be
functionally effective and require a minimum of decoding or mental
involvenment on the part of the operator. This shall include rela-
tionships between a control and specific display hardware (e.g.,
meters, instruments, labeled control escutcheon plates, etc.),
and/or external devices or visual elements that are used as visual
reference while operating particular controls. A control shall
not be used in any application inm which its movement is lxkely s}
be ambiguously interpreted. (Example-—the manipulation required

is opposite to that anticipated or expected by the typical opera-
tor.)

5.1.1.2 Physical Relationships ~ The physical relationships of a
control to 1ts associated visual display and/or the display to the
control shall be immediately apparent and unambiguous to the oper-
ator (1.e., in terms of adlacency) Controls shall normally be

placed benecath or to the right of a related display except under
conditions as follows:

a. The display would be obscured by the operator's hand.

b. Panel space limitations requires use of an array of dis-
plays that would be selectively operated by means of a
"ganged" control device, wherein separate knobs would be
associated with individual displays within the array.

c. The control operation would be inefficient or awkward if
the control were placed next to the display, andfor vice-
versa (i.e., placement of the display next to the control
would make for awkward or inefficient visual access to
the display). Typical appllcatlons include such rela-
tionships as steering wheel, joystick or foot-operated
controls relat:ve to displays on an instrumeit panel.

5.1.1 3 Organization - Controls and displays shall be organized
in a manner that will minimize operator effort, confusion and

error, by means of functional grouping, sequential arrangement,

accessibility to the nominal using limt or hand, and/or nominal
viewing axis of the operator,

5.1.1.4 Design Detail - Control-display relationships shall be
apparent from thé configurational and graphic details of the

hardware elements, i.e., size, shape, format, labeling, etc.

Expanded to cover other feedback
relationships.

Re-titled to differentiate from
5.1.1.1,

and to include awkwardness.

Added as a "general" requirement.

Modified since proximity is in
5.1.1.2, and to emphasize other
visual £actors.

Expanded to clarify "unambiguous"




MFI RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

5.1.1.5 Simplicity ~ The complexity and/or precision required

of control manipulation and display monitoring shall be consistent
with the precision required of the system and shall not exceed the
capability of the operator (in terms of discrimination of display
detail) and/or exceed the operator's manipulative capability uander
the dynamic conditions expected (in terms of manual dexterity,
coordination or reaction time).

5.1.1.6 Feedback - Control-display systems shall be designed to
provide feedback on control input and system state as related to
control input. Feedback shall be considered at three levels as
follows:

a. Control Actuation -

(N

Discrete State Selectors — Controls of this type
(toggle switches, push button switches, rotary
selectors, etc.) shall provide positive indication
of control actuation to the operator under all op-
erational conditions. Control displacement suffic-
ient to be unambiguously recognized may provide
adequate feedback at this level for most functions.

(2) Continuous Adjustment Controis - Controllers such

as contlnuous—adjustment knobs, c¢ranks, joysticks,
etc., shall provide feedback as to where the control
is positioned with respect to its entire range of
variability. Ordinarily this is by means of visual
indication viz; the control's moving pointer agaiunst
a fixed scale.

b. Transient System Response — Feedback at this level is
used to provide an indication of system response to the
control input between the time of control actuation and
that of arriving at system steady-state condition in
,response to that input. (When the transient response is
short, e.g., lesz than two seconds duration, feedback
at this level for non-critical functions may not be
required.) Usually a single positive feedback indication
at this level is sufficient (i.e., there is one clear
visual or auditory indication that the system is in the

process of responding). For especially critical functionr,

Simplicity is made a general
concept, with an explanation.

Expanded because this is perhaps

the most important general require-
ment that applies across the board.
This material is a collation of basic
precepts from numerous authors found
in references such as the following:

Van Cott, Human Engineering Guide to
Equipment Design, 1972

McCormick, Human Factors in Engineer-
ing and Design, 19/6

Poulton, Tracking Skill and Manual
Control, 1974 i

Kelley, Manual and Automatic Control,
1968

AFSC DH 1-3, Design Handbook,

plus comments from our reviewers.

e e — - - - RPN .
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MET RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

however, transient system response shall be indicated bv
one of the foilowing:

(1) Direct positive feedback from the mechanism being
driven viz; for example, a scroag auditory signal
direccly from a drive motor, or direct visual indi-
cation of the orientation of the drivea unit.

(2) Redundant positive ifeedback from two diff cent
points in the svstem (e.g., a meter indicrtion
and a2 pilot light, whish sense the system's
transient state}.

(3) Both positive and negative feedback, so tha¢
one or the other will always be activated, whether
or nor the system responds to the control input
viz; the positive feedback indicates the system is
in the process of responding whea it should; che
negative feedback indicates that the systen is not
respending when it sheuld; and/or one or the o;he.
of ~~e indicaticns wouxd al"ays he present during
the transient rericd

Svstem Steads Stare - Feedback shall ae provided te¢
indicate: (1) completion of rhe svstem's rasponse to the
control input and (2) zurrent system operating state.
Usually a siangle positive feedback indication ar this
level is sufficient. (The onset c¢f the Ladicaticn
signals completion of the response and the continuing
indication constantly xnlorm of svstem state.) Where
the original control input is by some tyyc of discrete
state selector, 2 discretz state indicator for feedback
is sufficient. Wherz2 che original control 1nput was by
2 continuous adjustment control, an analog or digital
jndication of system state is usaally required to indi-
cace that the system has indeed responded fuliy to the
control xﬂpu:. Exceptions to this may be 2llowed where
provision is made to automatically compare the completed
system response with the mzgnitude of the control input

o ——
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NF1 RECOMMENDED MOBIFICAT!ON ' RATIONALE/REFERENCES

and ro indicacte that cthe System has respoaded within
satisfactory tolerance. For critical functions, a wara-
ing indication shall be provided to sigmal ac all times
following the system transient response when the svsrem
state nis-matches the ordered State 2s set by the input
control(s).

5.1.1.7 1Illumination ~ Visuai displavs, inciuding displav conrroi Added because without illuminacion
and panel labels and c:itical markings, that mast be read at aight | visual feedback will not occur
or under darkened conditions shall be iliucinated.

Too many arbitrary decisions are
made with regard to providing

light . unlighted components.

This requiremear should ba "up Eronz"

TS S e e o i 1 o

S B ek o .
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ORIGINAL RECUIREMENT . ME{ COMMENTS
5.1.2 Position Relationships - A kev issue in locating oarrels
. e e S eSS e _ and_displnys.is the arproetur, ol
5.1.2.1 Functional Grouping - Functionally related controls and displays definition of the basic wperato:
shall be Tocated in proximity to one another -- arranged in functional position and biasher orieacas o,
groups. e.g., power, status, test. For vears we have alsc sct forih
at loust four basic pric. ;s
5.1.2.1.1 Ffunctional Group Arrangement - of control=display p..sitivni,,
i.e., gromping by function, ov
5.1.2.1.1,1 Sequence - Functional groups of controls and Jisplays shel) sequence of operation. wv fry-
be located to provide for laft-to-right (preferred) or tup-to-bottom quency of use, and by oemer,oco
order of use, or Loth, aeed,  Althouxh the.o gee oy o
_ . ] varionsly within the nrog: oo,
5.1.2.1.1.2 -Access - Providing that the {nteyrity of grouping by func- we belivve these principle. -
. tion and sequance 1s not compromised, the more frequently used groups important Lo expose as leooay
and the most imgortant groups should be located in areas of easiest as possible,
access.  Control-display groups required solely for maintenance purposes | Albowiug tor these twe iwsies.

chall be Jocated (n 8 position providing & lessor degree of access

i h g alpoadd s ope -
reletive to operating groups, recaining materinl abould 50

vranized to follow,

§.1.7...1.3 Funrtional Group Marking - Functinnal groups may be set The main title does ot fullv rordooe
apart by ous)Tning witn Contrasting lines. Where such coding is speci- what is to follow, L

fied by the nrozuring activity, and where gray panels are used, noncrit- ot subtitles alem o et Frg e
feal functicne) groups (i.e., those not associated with emergency what follows, - ’
operations) snall pe nutlined with & 1/16-1nch {1.6mm) black horder e Co,

12797 ~f FED-510-555), anrd those {nvelving 2mergency or extremely Soer of Lhe "“‘l“‘"‘i‘“}"“‘ Sl uebe s
critio.t aperations shall be outlined with a 3/16-1nch (4.8mm) red are not complete with resiect t
border 121136 of FED-SIN-595), As an alternate method, contrasting the topic.

splor parn cr patrhes myy be vserd to designate bots critical and non- Additional topics germane (v fthe
~ritical functional armas, subject to prior approvel by the prpcuring to the section title shoulg te
aetiyit, . wnen ved sompartment 1ighting fs used, 81 orange-yellow added,

(23579 of FeD-$70-505) and black (27038 of FED-S5TD-595) striped border
oha's be used to wutline functional groups {nvolving emergency or

extremely critical oparations. Critical and noncritical controle ‘ b‘ CO . ;

¢raplay areas in aircraft crow s%ations shull be delineated in accord. y 21 ; ¥ :

arce with MIL-M-1£012, : BeSt Ava‘ a e F |

Mote: Above 9.1,2.1.1.3 moved to new paragraph under ;

“ ontrol=Dlaplay Idenrification”
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.1.2.1.1.4 Consistency - Locetion of recurring functional groups and
individual items shall be similar from panel to panel.

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 him in determining which controls are used
with which disolays, 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 dispieys, controls affecting the top row of displays
shell be positioned at the far left; controls affecting the second row
f displays shail be placed immediately to the right of these, etc.

5.1.2.%.2 Vertical and Horizontal Arrays - If a horizontal row of dis-
plays must be associated with & 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 shali be avoided whenever possible.

5.1.2.3.3 Multiple Displays - When the manipulation of one control
requires the reading of several displays, the contro) shall be placed
as near as possible to the related displays and preferably beneath the
middie of the displays.

5.1.2.3.4 Combined Control - When separate displays are affected by a

combined control (e.g., concentrically ganged knobs), the display shall
bé arranged from left to right with the combined control underneath the
center of the displays.

Too limited.

This is part of same topic addressed
in 5.1.2.1 and other of the follow-
ing paragraphs. The reader has
difficulty understanding topic
hierarchy. Some modification of
subtitles and order could help
clarify this by bringing "like"
topics together,




ORIGINAL REQUIREMENT

MFI COMMENTS

5.1.2.3.5 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.

5.1,2.3.6 Component Groups - When a group of equipment components has

the same function, the related control and display positiops shall be
oriented to correspond to those of the controlled and monitored com-
ponents. (For example, the position of aircraft engine controls shall
be oriented as if the operator faces the normal direction of vehicle
movement. )

1t took several passes to understand
what was said here!

Same here.




MF1 RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

5.1.2 General Arrangement Factors - Arrangement of controls and
displays at work stations shall be in accordance with those
arrangement factors most likely to ensure effective operator per-
formance. Care shall be exercised to obtain the best balance of
these factors when they may be in conflict or may vary in signifi-
cance with -mude of operation at the work station. The following
arrangement factors shall be considered.

5.1.2.1 Operator Orientation - Controls and displays associated
with a given control/monitoring task(s) shall be located and
positioned  with reference to a specified operator position or
positions, including requirements for visual monitoring beyond
the immediate control-display interface, and shall not impose
difficult mobility problems for the operator (i.e., sitting or
standing in an ~wkward position, frequent extreme reaching and
body or head turning requirements, or constant changes in body
position in order to accommodate to various control manipulation
or visual monitoring tasks). Controls and displays that may be
used concurrently and/or alternately by more than one person
shall be positioned so that neither operator is inconvenienced
for the advantage of the other except where it ¢an be determined
that one of the operator's tasks is more critical and of higher
priority, and spatial constraints actually require compromise of
one operator's convenience over the other,

5.1.2,2 Functional Grouping - Functionally related controls and
displays shall be located in groups and physically or visually
separated from other control-display elements or groups whenever
such grouping enhances operator capability to locate rrlated
functions -and observe inter-relationships among related Func-
tions. No non-related control or display function shall be
located within the apparent confines of a functionally~related
group of controls or displays.

5.1,.2.3 Sequence of Operation - Whenever a frequently recurring
sequence of operation (i.e., instrument scan Oor sequentixl series
of control operations) can be defined, control-display elements
shall be arranged for convenient left-to-right, o6r top-to-bottom
eye/hand movements, Such sequential arrangement shall be cbserved

both for individual items or group-to-group sequencés, and "within|

functional groups".

— [ —

- FEEF e - -l o t e e e

Title changed to more clearly
represent all that follows., An
introductory statement introduces
concept of proper compromise.

First issue of afrangement is

- operator position, missing from

original section,

The following are somewhat re-
organized but include all of pre-
vious topics plus additional ones
considered important to cover in
this section,

This topic needed to be more
explicit,

Same.
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RATIONALE/REFCRENCES

5.1,2.4 Frequency of Use - Controls and/or displays that are used

continuously and/or most frequently should be located and posi-
tioned as convenient to the operator as practlcable relative

to related physical and env1ronmenta1 -constraints, Displays
should be positioned to minimize excess reaching and/or awkward
hand/arm and/or foot/leg movements.

5.1.2.5 1Importance of Use - Controls and displays which are most
critical to operation should be placed in preferential positions.
Refer to appropriate sections of 5.2 VISUAL DISPLAYS and 5.4
CONTROLS.

5.1.2.6 Simultaneous Use - Visual displays that must be moni-
tored concurrently with manipulation of a related control shall
be located sufficiently close to the control se that the operator
is not required to observe the display from an extreme visual
angle and thus introduce the possibility of parallax error.

5.1.2.7 Emergency Use - Emergency displays and controls shall
be 1ocate3 wﬁere they can be seen and reached with minimum delay

(e.g., warning lights within a 30-degree cone about the operator’s
nominal line of sight; emergency control close to the nearest,
available hand in its nominal operating position).

5.1.3 Design Factors

5.1.3.1 Control-Display Identification —~ Except for controls
whose function and appearance is obvious (e.g., steering wheel,
joystick, etc.), all operator and malntalner controls and dlS‘
plays shall have appropriate labels to aid in their identifica-
tion. This shall apply not only to individual items, but also

to functional groups of controls and displays. Functional groups
may be set apart by means of spatial separation, outlines around
the group, and/or contrasting panel backgrounds. When outline
borders are used they shall not be wider than the character
stroke width in the associated function labels, except for panels
containing emergency or extremely critical functions where the
border width may be twice the character stroke width, Borders on

gray panels should be marked in black (FED-STD-595, color #27038);]

or for emergency panels, the border should be red (FED-STD-595,
color #21136) unless red illumination is used, in which case it

Same.

Th:zz and next topic were omitted
in oxtglnal but are critical
factorz in arrangement,

This topic needed to be more
explicit,

A new title was needed to collate
following topics at an appropriate
level,

Note: 5.1.3.1 picke up detailed

material from original 5.1.2.1,1.3.
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RATIONALE/REFERENCES

should be striped in yellow and ‘black (FED-STD-595 yeliow #23538
and black #27038). Background pads may be used subject to
approval by ‘the procuring activity. Critical and noncritical

control—dlsplay areas in aircraft crew stations shall be delineated

in accordance with MIL-M-18012 and MIL-C-81774).
display-control labeling and marking, see 5.5.

5.1.3.2 Consistency - Like control-display functions shall be
consistent [rom one operator workstation to another when it 1is

likely that the same operator may be called upon to change work-
stations. The following are examples:

For other

a. Left-Right Arrangements ~ When a group of control-display
elements normaIIy‘Yave a left—to-right and/or numbered
relat10n<h1p to other equipment components (e.g., aircraff
engines numbered from left to right), the operator con-
trol-display arrangement shall remain the same with re-
spect to the operator's orientation within the work sta-
tion (i.e., facing forward, right, left, or aft).

b. Related But Separated Control-Display Arrays - When an
array ol controls on one panel correspond to displays
mounted on another panel (i.,e., due to special space
11mxtat10ns), the control and display arrays should be
similarly arranged, That is, the left-most control of
a horizontal array shall correspond to the left-most
display mounted on the other panel, or a top-most control
of a vertical array shall correspond to the top~most dis-
play on the other panel. The two horizontal panels shall
not be mounted so that they "face" each other and thus

create the opportunity to confuse the right-to-left
relatlonshlps.

c. Vertical vs Horizontal Control-Display Arrangements -
when dirsplays are arranged‘in a row or colump the associ-
ated controls should be similarly arranged and spaced
«(and vice versa), except -as follows:

Adé new aircrew station "Control
Panel"” specification.

Makes topic more exp11c1t These
"standardization” concepts are

based on recent automotive driver

station studies by MFI for U.S.

DOT plus some refinement of the

material presently contained in 1472.
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(1)

(2)

(3)

(3)

Fewer Rows of Controls Than Displays - Controls
affecting the top row of displays shall be posi-
tioned at the far left; controls affecting a second
row of displays shall be placed immediately to the
right of these, with an appropriate space betweén
the two control arrays.

Vertical vs Horizontal Association - If a hori-
zontal row of displays must be related to a ver-
tical row of controls or vice versa, the farthest
left item in the horizontal array shall correspond
to the top item in the vertical array, etc.

Nete: The above exceptions often lead to errors in
Spice of the recommended spatial associations,
Therefore they should be avoided whenever possible.

Multiple Displays vs Single Control - Wien the
manipulation of one control requires readlng of
several displays, it shall be "centered" as near
as possibie below the display group.

Multiple Display vs Ganged Control - When up to
three displays are to be individually-affected by
a three-layer, ganged rotary control switch, the
switch should be centered below a horlzontal dis-
play group, or to the right of a vertical display
grogp The knob-display associations should be as
follows:

(a) Top Knob - Left Display or Upper Display
(b) Middle Knob - Middle Display

(c) Bottom Kaob - Right Display or Lower Display

Ref: Van Cott, Human Engineering

Guide to Equipment Deszgn,
1972, Ch 9

11
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MF1 COMMENTS

5.1.3 Hovement Relationships -

5.1.3.1 Lack of Ambiquity - Display indicators thali clearly and
unambiguously direct and guide the appropriate cintroi response. The
response of a display to control movements shall 2e consistent, pre-
dicteble, and compatible with the operator’s expe«tations.

5.1.3.2 Time Laq - The time lag between the response of a system to 2
control input and the display presentation of the response shall be
kept to a minimum, consistent with safe and efficient svstem operation,
The displey indicator shall normally cease to move after the control
movement has ceased.

5.1.3.3 Moving Pointer Circular Scales = Clockwise movement of a rotary
control or movement of a linear control forward, up, or %» the right
shall produce a cioCkwise movement of circular scale pointers and an
increase in the magnitude of the setting.

5.1.3.4 Moving Pointer Linear Scales - Clockwise movement of 2 rotary
control or movement of a iinear control forward, up, or to the right
shall produce a movement up or to the right for horizontal and vertical
scale pointers and 2n increase in the magaitude of toe r-2o'ug.

5.1.3.5 Fixed Pointer Circuiar Scale - Displays withi moving scales
and fixed pointers or cursors should be avoided. When circular fixed-
pointer, moving-scale indicators ere necessary, ¢*-ckwise movement

of a rotary control or movement of 2 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 Scsle - When vertical or horizontal fixed-
pointer, moving-sc2le indicators are necessary, ciockwise mcvement of
an associated rotary contro! or movement of a linear control forward,
up, or to the right shall normally produce a movement of the scale down
or to thk left and an -increase in -the magnitude of the reading.

- -

This section needs to address
the independent contrel molion
expectancies as well as the
control vs display motions.

The universal us~ of CW vs CCUW

to describe motions breaks down
under c¢ertain cases, especially
when 1+ft vs rizht hand use is
considered. To clarify these
differences, it seems desirable
to use illustrations since it

iLs ard to describe all variables
in woris.




ORIGINAL REQUIREMENT

MF1 COMMENTS

5.1.3.7 Direct Linkage - When there is a direct linkage between control
and dispizy (e.g., radio frequency selector and station pointer}, a
rotary controi shall be used if the indicator moves through an arc of
more than 180°. If the indicator moves through an arc of less than
180°, 2 linear conirol may be used, provided the path of control move-
ment parailels the average path of the indicetor movement and the indi-
cator and control move in the same relative direction.

5.1.2.8 Cca~on Plane - Contr)ls shall be selected so that the direction
of movement of Lhe control w: ~ be consistent with the relatad movement
of an associated display, equipment component, or vehicle.

5.1.3.9 Paralie} Movement - Direction-of-movement relationships shall

be strictly adhered to when control and display are parailel in line of
movement.

5.1.3.10 Labeling - When control-display relationships specified herein
cannot be adhered to, controls shali be ciearly labelec (see par: 5.5)
tc indicate the direction of control movement reguired.

5.1.3.11 Povement Direction - When a rotary control and & linear dis-
play are in %he same piene, the part of the contryl adjecent t3 the

(2%
display shall move in the same diresction as the moving part of the
display.

5.1.3.12 Thumbwheels ~ if a thumbwheel is used as 2 continuous control
which affecils venicle movement, movement of the thumbwheel forward or

up should cause the vehicle to move down or forward.

submersibles).

Upward motioa ol
dewnward vehicle
only to specific

This "breaks down" fe¢
applications (e.

<
~ -
PO |

There is some confusion between
this and paragraph 5.1.3.9.

thumbwheel for
motion would apply
vehicles.

Suggest be deleted siunce its limited
applicarion will be cov=red by
portinent engineering documents.
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5.1.3.3 Control-Display Movement Relationships Title clarified.

- 5.1.3.3.1 Change in Value - When control manipulation results in
: a change in value, the direction of control movement shall conform
to ¢riteria in Figure .

: 5.1.3.3.2 Change in Displayed Element - When control manipulation
: results in @ change in the position of displayed elements (e.g.,
display pointers, cross—hairs, or other controlled markers), the
direction of contrul movement shali conform to criteria inm

Figure .

5.1.3.3.3 Change in Vehicle/Jomponent Movement or Position - New topic - omitted in original.
: Direction-of-moticn conventions for various types of operational
- systems {i.e., automotive, aircraft, marinecraft, etc.) shall be
: foilowed uuless -express approval has heen granted by the procur-
ing activity. The following couventiens shall appiy:

P

. Automorive ' Although thes a.+ cbvious, such
¢ conventions uc.1 to be stated to
avoid "odd design ianventions'.

1) Steering Wheels: Clockwise rozation = right turn;
cousiterclockwise rotation = left turn. !

lerater Pedals: For-
ing, disengages clutch, g
espectively.

{2) Service Brake, Cluteh and Acc
ward pedal motion applies bra
and ilncreases engine S.P.M. r

1
k

(3) Automatic Gear Shift: Floor/Console-mounted; PARK =
foremost pesition of lever, followed by successive
aft positions of REVERSE, NEUTRAL, DRIVE and LOW;
Column-mounted; same positional order.

(4) Tuiin Signals: (Column-mounted lever, left-hand-
operated) Clockwise movemeni about column axis =
RIGHT TURN; counterclockwise movement = LEFT TURN.

{5) Automotive Mznual Throttle: "Pull" = Increasing
R.P.M.

12
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RATIONALE/REFERENCES

Aircraft

(1)

(2)

(3)

(4)

Submersibles

(1)

(2)

Rudder Pedals: Forward movement of right pedal =
right turn; forward movement of ieft pedal = left
turn.

Control Stick/Wheel: Aft motion = nose-up; forward
motion = nose down; Movement to the right and/or
clockwise wheel motion = right wing down; left
movement and/or counterclockwise wheel motxon =
left -wing down.

ThroLtle(s) Forward motion = increase in aircraft
speed, é.g., increased thrust. When reverser systemg
are present, aft motion of throttle lever(s) =
increased thrust (a separate "1ift" movement of
throttle lever shall be required to prevent inadver-
tent operation of reverser system).

Other: As a general rule, forward or upward lever
movement = increased vehicle performance. Rotary
controls shall conform to criteria in Figure

Direétion and Attitude: Clockwise motion of a
rotary control = right turn, counterclockwise
motion = left turn; forward motion of lever or
rotary control = bow down, aft motion of lever or
rotary'control bow up.

Propulsion System Control: Forward lever motion =
increasing forward motion of vessel, aft lever
motion = decreasing forward motion/increasing rear-
ward motion of vessel (i.e., to provide corollary
control/vessel motions).

Ref: AFSCM, Handbook of Instructions
for Aircraft Design (RIAD),
1967, p c¢.2-1.




rectilinear display with linear pointer or cross—hair movements.

JiF1 RECOMMERDED MODIFICATION
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RAT 1ORALE/REFERENCES

5.1.3.3.4 Control-Display Geometric Compatibility -~ Where
applicable and/cr practical, the shape of a control should cor-
respond geometrically to that of the display it affects viz;
(1) a round knob corresponds geometrically to a round dial with
a rotating pointer, (2) a lever corresponds geometrically to a

5.1.3.3.5 1Inside-Out vs Outside-In Principle - Instruments or dis-
plays that utilize semi-pictorial elements, along with fixed,
scalar or indexing elements to allow the operator to quickly see
positional relationships between himself and related features of
the operating environment, may utilize either the “Inside-Qut" or
“Outside~In" principle. The "Outside-Inr" principle should normally
be used when the operator will not have external cues, i.e.,
reliarce throughout the mission will be completely on the artifical
display. When the operation may involve alternate reference to thd
display and external references (viz; flving an airplane), the
"Inside-Out” principle shall be used, i.e., so that the movement

relationships between moving and fixed elements of the display
are equivalent to the comparable elements in the external visual
world. (See Figure ). s

¥
5.1.3.3.6 Display Lag - The time lag between system/display :
response to control Input should be kept tc a minimum, consistent .
with safe and efficlent system operation. :

5.1.3.3.7 Fixed Scale/Moving Pointer vs Moving Scale/Fixed Pointer |-

When skirted, rotary krob controls are used, a Fixed scale/moving
pointer format is preferred, because both scale progression and
control movement are compatible with operator expectancies. The

moving Scale/Eixed péinter (i.e., the scale is imprinted on the
knob skirt, and moves against a fixed index on the adjacent panel
surface) shall only be used when operator time and error proba-
bility is not critical, and/or there is special benefir in having
the scale value to be readout appear in a censtant position (i.e.,
for check-reading several knob/dial devices).

Recent automotive research shows
control shape to influence operator
expectations re; function and
manipulation. (MFI study for

pOT, e.g., DOT-HS-803-456)

Topic omitted in original - very
germane to this section.

Ref: Woodson and Conover, Human
Engineering Guide for
quipment Designers, 1966,
p 2-26. -

From 5.1.3.2, simplified since we
cannot define "normally" in last
sentence.

Combines 5.1.3.5 & 5.1 3.6 since
the "decision" is criti=zal.




INSIGE~-OUT DISPLAY
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QUTSIDE-IN DISPLAY

FIGURE - INSIDE~GUT VS OUTSIDE-IN CONTROL-DISPLAY PRINCIPLES

FESATOR CONTLOLS Ol VEMICLE?
I T COCKPET, AN "MiNSIUE-QuT™
3505,% 85 USES.  THIS
A £%I-T3-3NE ~OTION
#HEES THE MOVING ELEMEXT
THE MIVING CEATURES
TS L™ AS VIEWED THROUSGH
LE WINDSCREEN. IN (A) THE

1S SHORN BANKING TO THE B]GHT;
#E AIRCRAFT IS NOSS-HiGr; INM

i FT 15 NOSE-HIGH AND ANV~

HT. T9 LEVEL THE WINSS,

5 THE JNISTICK IN THE

i.
SHES THE STICK FORWARD.
= SISHLAY OFTEN REFESRED 70
AS A TCONTACT AMNALGEY DISPLAY TINTSE TO
CONFISE MAIVE JPERATORS SINCE THEY EX-
PECT TO MOVE YHE CONTROL IN RELAYION YO
THE AIRCRAFT SYM3OL (WHICH UNFORTUNATELY
OGES *OT MOVE).

COCXPIT OF THE VEHI-
LE BEING CON LED, AN MOUTSIDE-IMT
FORMAT SHOULD USED SINCE IT WiILL
PROJULE FEWER ¥LONTRCOL-REVERSAL™ ERRIES
BY =GN PILOT-TRAINED OPERATORS. THZ
ACCOVPANYENG ILLUSTRATIONS SHOW (A)
A RIGHT ZANK, (B8) KOSE-Hiud, ARD (L)
COMBINATION NOSE-HIGH/RICGHY BANA. 1O
CORRECT 7THESE DISCREPANCIES THE OPERA~
TOR "FLYS"™ THE AIRCRAFY 3YMBGL "70"
THE FIXED HORIZON.

WHEM 4 PILOT FLYS A DRONE FROM THE
CCCXPIT OF AN AIRCRAFT, "INSIDE-OUT™
DISPLAYS SHOULD BE USED FOR BOTH
"OWN AIRCRAFT™ AND “DRONE™ £ONTOOL.




ORIGINAL REQUIREMENT

5.1.4 Control Dj;p)ay;ﬂatio -

5.1.4.1 Minimization of Time ~ Control display ratio shall be selected
for continuous adjustment controls so as to minimize the total time
required to meke the desired control movement {i.e., slewing time plus
fine adjusting time), taking into consideration dispiay size, tolerance
requirements, viewing distance, and time delays.

5.1.4.2 Range of Display Movement - ilhen 2 wide range of dispiay ele-
ment movement is required, small movement of the control shall generally
yield a large movement of the display element. When & small range of
display movement is required, a large movement cf the control shall
result in smell movement of the display.

5.1.4.3 Knob, Coarse Setting - When a knob is provided for making
coarse displey eiement settings on lipear scales -- 0.016 to 0.100 inch
(0.4 to 0.25mm) tolerance -- appreximately & inches {150 nm) display
element movement shail be provided for one complete turn of the knob.

5.1.4.5 Sracketing - When bracketing 1s used to locate a visual or
Audlco,y nuli"position (e.q9., tuning a transmitter), the knob shall
move through an arc of 30 to 60 on either side of the null position
in order for a misalignment to be just noticeable.

(}I

l 5.6 foot-Operated Controls - Foot-operated controls shall be
ovided only for gross setiings,

“0

5.1.4.7 Lever, Coarse Set:ing - When a lever is provided for coarse
cettings -- 0.016 to 9.100 inch (0.4 to 2.5 ms} tolerance -- one unit
of display element movement shall be used to three units of Tever
mvement .

5.1.4.8 Lever, Two-Dimensional Setting - When a lever is provided to
make settings in two dimensions to coarse tolerances -- 0.1 inch (2.5
o) -- one unit of display element movement shall be used to two and
cne-nalf units of lever movement.

5.1.4.9 Counters - When counters are provnded the control-display
ratio shall be such that on. revolution of the knob equals approximately
50 counts (i.e., the right hand drum rotates five times}.

MF1 COMMENTS

Add the word “"movement"

Needs general, introductory p«r.

to clarify the need to conside

gross and pracision adjus*ment
requirements, operator limitations,
and general principles relating

to control-display ratio determina-
tion,

Need to reorganize rest of the re-
quirements so they are more
compatible with the wav a designer
would expect to see the informa-
tion categorized.

Suggg,t adrlng steering ratio
riteria. .

k\\‘
o

Suggest slight expansion here in
order to make it more comprehensive.

Suggest removing tolerances = these
are not ounly confusing, but ques-
tionable criceria.
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RATJONALE/REFERENCES

5.1.4 Control-Display Movement Ratio

5.1.4.1
adjustment controller tasks shall be selected so as to minimize
-the total time required for the operacor to work the desired con-
trol movement, i.e., to accommodate both response time and pre-
¢ision-setting requirements.

5.1.4.1.1 Coarse vs Fine Setting - The amount of control and/or
display movement shall be compatible with the operator's inherent
capacity to discriminate visual and tactile inputs from displayed
elements and/or control movement feedback. For coarse setting
tasks, control movement should be less than display movement;

for fine setting tasks, display movement should be greater than
control movement. When a task may include requirements for both
coarse and fine setting
to minimize the time to make control settings. At operator
stations where some tasks require only coarse settings, but others
require fine settings, the operator should be provided with two
selectable ratios, normal and “fine."

5.1.4,1.2 Hand vs Foot Controls - Foot controls shall be used
only for coarse adjustments or settings. Hand/arm-operated
controls may be used for both coarse and fine adjustment, The
mote precision required, the less arm move.ent should be in-
volved in control operation.

5.1.4.2

Coarse Setting - The following criteria shall apply:

a. Knob/Linear Scale - 1 full knob rotation = approximately
6-inches of display element movement,

b. Lever/Linear Scale - 1 to 2 units of lever movement =
1 unit of display element movement.

c. Steering Wheel ~ Approximately 3 +1/2 turns of the
wheel = lock-to~lock.

General - Control-display movement ratios for continuous-

the control/display ratio should be chosen

Conceptial elements are gathered
under general head, followed by
details. This should make require-
ments easier to follow.

Ref: Van Cott, Human Engineering
Guide for Equipment Design,
1972, p 348-~49.

Have removed tolerance definitions.
They are not in proper terms

(e.g., %) and if they were, are
not applicable across the board.
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RATIONALE/REFERENCES

5.1.4.3

5.1.4.4

When bracketlng is to be used to locate a maximum or mlnlmum
rather than a specific value (~.g., as in tuning a transmitter),
the control knob shall swing through an arc of at least plus or
minus 10 degrees but not more than plus or minus 30 degrees either
side of the target value ih order to make the peak or dip assoc-
jated with that value clearly noticeable.

5.1.4.5

a.

Fine Setting - The following criteria shall apply:

Knob/Linear Scale - 1 full kncb rotation = 1 to 2 inches
of display elemént movement.

Lever/Linear Scale -~ 3 to 4 units of levet movement =
1 unit of display element movement,

Bracketing for Determining Maximum or Minimum Values -

Counter-Setting — The following criteria shall apply:

Multi-Digit, Mechanical Dfum Counters - One revolution

of a knob should equal approx1mate1y 50 counts (i.e.,
the right~hand drum rotates five times).

Multi-Digit Electronically-Displayed Counters -~ A
nmomentary switch type control shall be used. Both
slow and fast speed (slew) operation should be provided
so the operator can either slew through the digits
rapidly (about 2 digits per second for the cell being
read) or step through, one digit at a time. In the
latter case, the system should preclude the operator
advancing more than one character in the event the
control- 1s not released. However, it is preferred to
have a system in which both forward and reverse display
changes can be made (i.e., so that the operator can
"backup” one or two digits rather than having to "cycle-
through" the series to obtain the desired setting.

Single-Digit Electronically-Displayed- Counter - A
momentary-contact step advance may be sufficient unless
frequent setting is requ1red in which case a two=speed
switch -should be prov1ded as- for the multi-digit counter.

Broadened coverage.

Ref: Woodson and Conover, Human
Engineering Guide £0: “Equipment

Designers, 1966, p. 2-33.

19
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RAT]ONALE/REFERENCES

5.1.4.6 Foot-Operated Controls - Foot- operated controls should
not be used to adjust a visual display dlrectiy, i.e., other than
indirect display of vehicle changes in direction, acceleration,
etc.). If a directly-coupled display adjustment is to be made
by foot-operated control movements, it should be only for gross,
relatively slow settlngs Foot—-operated controls, when used to
control the direction of vehicle movement (as in small submer-
sibles) should be instrumented to indicate -the direction and

magnitude of control surface actuation as well as the heading
of the vehicle,

First sentence is believed necessary
to preclude use of foot control

"just" to adjust a display.

20
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MF1 COMMENTS

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 aventuality commensurate with the operational
and maintenance philosophy of the system under desian.

5.2.1.1 Dispiay Itlumination - When the degree of dark adaptation
required 15 not maxamum, low ®rightness white Tight (preferably inte-
gral), adjustable as appropriate, shail be used; however, vhen the
maximum degree of dark adaptation is required, iow brightness red
Jight (greater than 620 nm} shall be provided. Where multiple displays
are grouped together, the displays .hall have brightness uniformity so

that all appear of equal brightness across the range of full Oi to full
OFF.

5.2.1.2 Information -
5.2.1.2.1 Content - The information displayed to an operator shall be

limited to that which is necescary to perform ~pecific actions or to
rmake decisions.

5,2.1.2.2 Precisicen - Information shall be dispiayed only to the degree
of specificity and precision required for a specific operator actisn or
decision.

5.2.1.2.3 Format - Information shall be presented to the operator in
a directly useable form. (Requirements for transposing, computing,
interpolating, or mentaz: transiation into otiier units shall be avoided.)

-

5.2.1.2 This section is about in-
formation requirements.

5,2.1.2.1 Although strictly spaak-
ing this may be correct there are
other considerations which should
be brought out.

5.2.1.2.2 This statement as
written might conzeivably give
the wrong idea about scale design
in relation to infermation gran-
ularity.

5.2.1.2.3 Minor revision.
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RAT [ONALE/REFERENCES

5.2 VISUAL DISPLAYS -

5.2.1 General =~ Visual displays are used for a wide varlety

of purposes such as sensing, detection, tracking identification,
monitoring, decision making, system or process conirol, and
pattern recognition, They may be without memory and present only
transient, real-time data, or may have memories and present data
accumulated over a period of time. A direct reading meter is an
example of a transient display and a status board is an example
of a memory display. Visual displays without memory should be
used whenever the visual channel is superior for sensing and
perceiving transient information as compared with other sensory
channels. Visual displays with memory should be used whenever

it is -desirable to allow the uset to have random access to infor-
mation accumulated over a period of time,

5.2.1.1 Display Illumination - The full range of operat10na1
conditions shall be taken into account in designing display
11]um1nat10n A display which must be operable under condi.tions
varying from night blackout conditions to full daylight shall
incorporate the necessary 111um1natlon features to allow proper
use under all these widely warying conditions. A display which
will always be used in a controlled lighting envxronment, e.g., a
command control center may need to satisfy illumination require~
ments only for the ambient conditions of that task environment.
When complete dark adaptation is required, the illumination shall
be low~brightness red 11ght (greater than: 620 nm); when only
partial adaptation is. required low brightness white illumination
may be used as appropriate for specific applications,

Feel this amplification helps set
stage for following detailed

. requirements.

Increases scope and definition
requirement.
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5.2.1.2 Information Requirements

5.2,1.2.1 Content - The information displayed to an operator
shall be limited to that which is necessary for performing
specific actions, monitoring a situation, or making decisions or
assessments. Extraneous information which can be of no use either
in normal or emergency operation shall not be displayed.

5.2.1.2.2 Precision - Information shall be displayed only to the
level of precision which is operationally meaningful and useful
to the operator, except that scale designs should be based on
logical numerical progressions as specified in 5.2.3.1.5.1.
(E.g., in_a system in which antenna position is known only to the
ne?reit 77, the best scale to use would be graduated in 5° inter-
vals.)

5.2.1.2.3 Format - Information shall be presented to the op-
erator in a directly usable form whenever practical so as to
micimize the requirements for transposing, computing, inter-
polating, conversion-of units, etc.

RATIONALE/REFERENCES

5.2.1.2.1 Much more information
may be presented for monitoring a
situation than might be obviously
needed for specific actions or
decisions. Also information may
need to be presented which would
not normally be used but which

“would be essential for an operator

in order to quickly assume emerg-
ency or fall back duties.

5.2.1.2.2 Relates information
granularity to scale progressicn:

5.2.1.2.3 Practicability clause
added.
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REQUIREMENT

MFI COMMENTS

5.2.1.2.4 Redundancy ~ Red
to a single operator shall
achieve specified reljabjli

5.2.1.2.5 Combined Information
different activitios

] {e.q., operation and
simultanevusiy appear in a single display

undancy in the display of infermation
be svoided unless it is required co
ry.

- Informetion necessary for performing
troubleshooting) shail not

unless they are ccmparable

functions requiring the same information.

5.3.1.2.5‘ Display Failure Clarity - Displays shali be so designed thag
fatlure of The d15play or display circuit wili pe imrediztely apparent
to the oze-ator,

5.2.1.2.7 Bisplay Circuit railu

re - Failure of the display circuit

shall not czuse & failure in cne

5.2.1.2.6 Unrelated “arkings ~ T-adem

related
the panel] face.

similar markings not
played on

equipment associated with the display,

2rks and company names or other

t6 tne panei function shall net be dis-

This statement lesves the user with
the impression that redundancy is
senarally indesirable and should

avoided unless it can be related

to a "specified” reliabilicy.

S
o

Paragraphs 5.2, ;
I require minor re . graph
, 5.2.1.2.7 should deleted because
¥
t
:
t
i

Y s
.

A
vi
b

g

it is really an engineering design
matter rather than a human enyincer-
ing metter. Parapraph 5.2.1.7.
needs amplification.
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RATIONALE/REFERENCES

5.2.1.2.4 Redundancy - Redundancy of information appears in
systems by presenting the same information in two or more
different places, at two -or more different times, or under two
or more different encoding techniques. Redundancy may be
constructively utilized to facilitate pattern recognition,
.enhance detectability, provide back-up capability, speed up
information retrieval, and increase reliability in information
processing. Redundancy shall be avoided, however, if it simply
increases the volume of information which must be displayed and
processed without obvious constructive purpose.

5.2.1.2.5 Combining Operator/Maintainer Information ~ Operator
and maintainer information shall not be combined in a single dis-
play unless the information content and format zre well suited
to, and time compatible for both users.

5.2,1.2.6 Display Failure Indication — Displays shall be so
designed that failure ol the display itself or of the associated
display circuitry will be readily apparent to the operator by

a suitable technique such as one or more of the following.

a. The display illumination is extinguished
b. The display sweep stops scanning
c. A failure indicator is energized

5.2.1.2.7 Unrelated Markings - Trademarks and company names .or
other similar markings not related to panel function shall not

differentizble from panel labels and markings having to do with
function. [f the unrelated markings are displayed at all, -they
should be displayed with reduced character size and diminished
contrast so as to reduce their conspicuity in comparison with the
other markings.

ia displayed on the panel face, or if displayed, shall be clezrly

The revision indicates that redun-
dancy may be constructively util~
ized in several ways, but it should
be avoided if not purposeful.

5.2.1.2.5 1t is not important that
the functions be comparable, but it
is essential that both:‘the operator
and maintainer get the information
they need, and get it in a timely
manner,

5.2.1.2.6 This revision provides
greater specificity than the
original.

5.2.1.2.7 (5.2.1.2.8 in::the
original). Some standazds call for
identifying markings to -appear on
instruments. This should be accept-
able provided the markings are not
obvious and would not be confused
with function labels.
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MF1 COMMENTS

5.2.1.3 Location and Arrangement -

5.2.1.3.1 Accuracy - Displays 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.

5.2.1.3.2 Access - Ladders, supplementary )ighging. or other special
equipment should not be required in order &c gaip access to or te rezd
a display.

5.2.1.3.3 Orientation - Disp 2y races shall be perpendicular to the
operator's normal 1ine of sicht whepzver feasible and shall not be less
than 45° from the normal line uf sight (see Figure 1). Parallax shall
be minimized.

5.2.1.2.4 gefiection - Displays chzli be constructed, arrangad, and
mounted tc prevent reducti’sn ~f information transfér due to the refiec-
tion of the ambient illumination from the display cover. Reflection of
instruments and consoles i windshields and other enclosures shall be
avoided. If necessiry, techniques (such as shields and filters) shall
be employed to insure that system performance will not be degraded.

5.2.1.3.5 YVibration -~ Vibration cf visuel displays shall not degrace
user performanc: beiow the level rejuired for mission eccomplishment
(see para 5.8.4.2}.

5.2:1:3.6 Grouping - A1 displays necessary to support an operator
activity or sequence of activities shall be grouped togather

5.2.1.3.7 Ffunction and Sequence - Displays shall be arranged in rele-
tion to one another according to their sequence of use or the functicnal
relations of the components they represent. They shall be arrange¢ in
sequence within functionel groups whenever possible to provide a vieving
flow from left to right or top to bottcam.

5.2.1.2.6 through 5.2.1.3.10 The
materizl in these paragraphs should

be moved to the control-display
integration section, (new 5.1.2)
except for 5.2.1.3.5, "Vibration"--
becanse all of these reauirements
apply to controls as well as displays.
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5.2.1.3.8 Frequency of Use - Displays used wmost frequently should be
grouped together and placed in the cptimum visual zone (see Figure 2).

5.2.1.3.9 Importance - Very important or critical displays shall be
placed in a privileged position in the optimum projected visual zone
or otherwise highlighted.

5.2.1.3.10 Consistency - The arrangement of displays shall be consistent
;n pflncwple from applicaticn to application, within the limits specified
erein.

5.2.1.3.11 Meximum Viewing Listance - The viewing distence from the
eye reference poini to dispiavs icceced <lose to their associated con-
trols shall not exceed 28 inches {710 rm). Otherwise, there is no
maximum 1imit other than that imposed by legibility limitations, which
shail be compensated for by proper design. MNOTE: A 30-inch {760 mm)
clearance is required when using ejection seats.

5.2.1.3.12 Minimum Viewinag Distance - The effective viewing distance
to displeys, with the excection of cathode ray tube disglays (see
5.2.4.2) and collimated displays, shall never be less than 13 inches
{330 m2) and preferabls not less than 20 inches {510 ) .

5.2.1.3.13 Aircrew Station Signals - Signals for aircrew stations

shall be in accordance with MIL-5iD-411. Human Engineering design for
other members of the crew who occupy pasitions in the air vehicle other
than on the flight. deck (such as in multi-engined specialized aircraft)
shall be in accordince with the criteria in this standard. (See 5.14.2.1.)
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5.2.1.3 Display Location and Arrangement — Display _ocation and
arrangement shall be In accordance with the factors iIdentified in
section- 5.1.2, General Arrangement Factors, and the following
additional r irements specific to displays. Limits on display
location are iso defined in Figurec 1 and 2.

5.2.1.3.1 Accuracv - Displays shall be located and designed so

that they may oe read to the degree of accuracy required by

operating and servicing personnel when thev occupy expected
noninal working positions. Consideration shall be given to
viewing distanze, viewing angle; illumination and pe¢ssible inter-
vening obstacles.

5.2.1.3.2 Access -~ Visual displays should be visually accessible
without resorting ic use of ladders, flashlight or other speciai
equipment in order to read the display.

5.2.1.3.3 Orientation — Reading errors due to parxllax shall

be minimized by positioning display faces perpendicular to the
operator’s normal line of sight (see Figure 1), or not less -than
45° from the normal line of sight.

5.2.1.3.4 Reflection - Displays shall be constructed, arranged,
positioned, shielded, and/or cover glass treated to minimize
loss of information transfer due to reflections (ambient light,
reflection of che oeprator or other objects within the viewing
envelope). Reflection of instrument faces in windshields or
other critical viewing windows shall be avoided. If necessary,
special display/illuminu.zion filtering techniques shall be used
to> insure that systom performance will not be degraded.

5.2.1.3.5 Vibration —ibse original material fronm 5.2.1.3.53

-

-2

LR R O T 7 ———

A new Fig 2 is provided.

The constraining variable axe
identified.

Broader and more explicit.

Tdentifies intent first.

Needed pointer added.
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- A = Optimum cnvelope when operator must concentrate on primary visual
object yet needs to pick up peripheral signal.
B - Maximum envelope within which peripheral signals may be detected
without eye movement.
C...

* Maximum envelope when head is fixed but eyes are free to rotate.

D - Maximum envelope when both head and eyes are free to rotate,

Note:

Nermzlly the nominal eye reference axis is about 15 degrees down
from the horizontal as shown above. However, the noqual axis
may be different depending on the position of a primary display
that may have Lo be located other than according to the normal

relaxed eye reference (i.e., due to other physical constraints
such as the dash board of a vehicled).

Figure 2 - Vlsual Field Design Reference Criteria
{Revised)

"
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5.2.1.3.6 Viewing Distance - Display location relative to the
operator depends on several factors, i.e., display detail, size,
and illumination vs nominal viewing distance, and whether the
operator must have manual contact with the display, Displays
shall not be located so far from the operator that displayed de-
tail cannot be recognized or read, nor shall the display be placed
so close to -the operator that v1sua1 accommodation becomes diffi-~
cult and tiring. The following criteria shall apply:

a, Viewing distance from the eye reference point of dis~

plays located close to associated controls shall not
exceed 28 inches (71.1 cm).

Minimum viewing distance should not be less than 13

inches (33.0 cm) and preferably not less than 16 inches
(40.6 cm).

. JAircrew Station Signals - ipse original material in
3,

Expanded preparatory information
so the criterion statements will
be more clearly understood.

Ref: Woodson and Comover, Human
Engineering Guide for Equipment

Designers, 1966; p. 2~129.

Professional Judgment;

Ref: NAVSHIPS Display Illuminaticn

Design Guide (NELC TD 223),
1973, Sect. 2.

27
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5.2.1.4 Coding -

5.2.1.4.1 Objectives - Coding techniques shall be used to facilitate:
a. Oiscrimination between individual displays

b. Identification of functionally related displays

¢. Indication of relationship between displays

d. Identification of critice} information within a display.

1

1.4.2 Techniques - Displays shall be coded by color, size, location,
hepe, or flash coding, as applicable,

5.2.1.4.3 Standardization - All coding within the system shali te uni-
form end shall be established by 2greement with the procuring activity.

General information tran§fer
enhancement occurs when internal
instrument coding is used.

Important that designer utilize
alreaay-established codes too!

. .




!

: 7 MF1 RECOMMENDED MODIFICATION RATIONALE/REFERENCES
,é 5.2.1.4 Coding of Visual Displays
5.2.1.4.1 Objectives -

[add -]

€. General ease with which displa
inated within a single display

y features can be discrim-

5.2.1.4.2 Technique —[Displays may (instead of shall),..]

5.2.1.4.3 Standardization - Display coding within a system Inserts necessary caution to
should -be uniform. reviously established coding standards shall recognize and follow current
be followed, and any variations from these, and/or newly-proposed coding standards.
codes shall be established by agree i 1
activity.

Should not be mandatory,

28
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5.2.2 Transilluminated Displays -

5.2.2.1 General - The following three general types of transilluminated
displays shouid be considered:

a. Single- and muitiple-legend lights, which present information
in the form of meaningfu) words, numbers, symbols, and abbreviations.

5. Simple indicator lights, such as pilot, bull's-eye,-and
jewel lights. .

¢. Transilluminated panel assembiies, which present qualitative
status or system readiness information.

———— T 8

5.2.2.1.1 Use - Transilluminated indicators should be used to displey

qualitative information to the operator (primerily, information that

requires either an immediate reaction on the part of the operator, or

| that his attention be called to a. important system status). Such in-
dicators may also be used occesionally for maintenance and adjustment
functions.

5.2.2.1.2 Equipment Response - Lights, including those used in illumi-
nated push buttons, shali display equipment response and not merely
control position.

5.2.2.1.3 Information - Lights and related indicators shall be used
sparingly and shall display only that information necessary for effec-
tive system operation.

5.2.2.1.4 Positive Feedback - The absence or extinguishment of 2 sig-
nal or visual indication shall not be used to denote a “go-ahead",
"ready”, "in-tolerance", or completion condition, nor shall such _
absence be used to denote a "malfunction", "no-go", or "out-of-tolerance"
condition; however, the absence of a "Power On" signal or visual indi-
cation shall be acceptable to indicate a "Power Off" condition. Changes
in display status shall signify changes in functional status rather

than results of control actuation 2lone.

Although term “transilluminated”
may be useful, it is not suffic-
iently recognized to be used as

a title.

Signal lights?

Minimally informative.

Too simplistic to address broad
range of applications.

Really needs to emphasize point
of “too many lights".
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5.2.2.1.5 Grouping - Master caution, master warning, master advisory
and summation Jights used to indicate the condition of an entire sub-
system 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 indicator light shall be so loceted as to be imme-
diately and unambiguously associated with the control and visible to
the operator during control operation.

5.2.2.1.7 Lcecation, Critical Functions - For critical functions, in-
dicators shall be 1oczied wiinin 15° of the sperator's mormal line of
sight (see Figure 2). MWerning lights shzll be an iategral pert of, or
lecated adjecent to, the lever, suitch, or other control device by which
the operator i5 to teke action. )

5.2.2.1.8 HMaintenance Displeys - Indicator lights used solely for main-
tenance and adjustment, and referred to infrequently, shall be covered
or non-visible Guring normel equipment operation, but shéll be readily
accessible when required.

5.2.2.1.9 Luminance - The luminance {brightness) of transitiuminated
displays shall be compatible with the expected ambient iiluminance
level, and shall be at least 10% grecter than the surround iuminance.

5.2.2.1.10 Luminance Control - When displays will be used under varied
ambient illuminance, & dimming costrol shall be provided. The range of
the contro! shall permit the displays to be legible under all expected
arbient illuminance. The control shall be capeble of dimming the dis-
play from full OH to full QFF.

5.2.2.1.11 Reflection - Provision shall be made to prevent direct
and/or reflected sunlight from making indicators appear i]lqunaged
when they ara not, or to appear extinguished when they are illuminated.

5.2.2.1.12 Contrast Within the Indicator - The luminance contrast within

the indicator shall be at least 50% (See 3.18). For aircraft or other
Jow ambient §1lumination applications (e.g., MIL-L-25467), this ratio
should be at least 903 (see 3.18), with the background luminance less
than the figure luminance.

MF I COMMENTS

This is not universally so. also
the title should reflect maln
subject, i.e., "Master” warning
lights.

Inadequate coverage.

is should be combined with

Thi
5.2.2.1.6.

Y“Non visible" not always necessary,
or practical.

This needs eéxpansicn Lo make sure
designer recognizes zll variables
that zlso have to be conzidered.
Ocharwise he will not be prepaved
for ensuing set of requirements.

Omits problem of "self reflectica”.
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5.2.2.1.i3 Lamp Redundancy - For incandescent displays or for other
‘than airborne applications, lamps shall be provided that incorporate

filament redundancy or dual bulbs, so that when one filament or bulb
fails, the intensity of the light shall decrease sufficiently to indi-
cate the need for lamp replacement, but not so much as to degrade
operator performanca.

5.2.2.1.14 Lamp Testing - When indicator lights using incandescent bulbs
are installed on a control panel, a master light test control shall be.
incorporated. then applicable, design shall aliow testing of 2ll con-
trol penels st one time. Panels containing three or fewer lights mey

be designed for individual press-to-test bulb testing. Circuitry should
be designed tc test the operation of the totai indicator circuft. if
dark adaptetion is a factor, a means for reducing total indicator light
brightness during test operation shall be provided.

5.2.2.1.15 Larmp Removal, Method - Where possible, provisions shall be
made for lamp removal from tne front of the display panel without the
use of tools, or by some other equally rapid 2nd convenient means.

5.2.2.1.16 Lamp Removal, Safety - Display circuits shall be designed
so that buibs may be removed and replaced while power is epplied without
causing feilure of indicetor circuit comiponents or imposing personnel
safety hazards.

5.2.2.1.17 Indicator Covers - Legend screen or indicator covers shall
be designed tc prevent inadvertent interchange or & means shall be pro-
vided 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 skall-conform to MIL-STD-411, and training equipment which shall
conform to MIL-T-23991, transilluminated light emitting diode (LED) end
incandescent displays shall conform-to the following color coding
schere, in accordance with Type I - Aviation colors of MIL-C-25050.

2.” RED shall be used to alert an operator that the system or any
portion of the system is inoperative, or that a 5ugcessfu! mi§sion is
not possible unti) appropriate corrective or override action is taken.
Examples of indicators which should be coded RED are those which dis-
play such information as "nc-go", "error", "failure”, "malfunction”, etc,
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] b. ELASHIHG RED shall be used only to denote emergency conditions
yhuch require operatgr_action to be taken without undue delay, to avert
impending personnel injury, equipment damage, or both.

. C. .YELQOH sha!l be used to advise an operator that a condition
exists which is marginal. YELLOW shall also be used to 2iert the

operator to situations where caution, recheck, or unexpected delzy is
necessary.

., ©. GREEN shell bz used to indicaie that the ronitured equipment
is in tolerance or ¢ condition is satisfactory aad that it is 21l right
to’prgceed (e.g., “go-zhead", "“in-tolerance”, "ready", “"function 2cti-
vated", "power on", etc.).

KH wgzrs shall be used to indicate system conditions that do not
have “right" or “"wrong” implications, such 3s 2ltermative functions
(e.g., Missile do. 1 selected for launch, etc.) or transitory conditions
{(e.c., zction or test ip progress, functios avzilable), provided such
indicetion does not impiy success or failure of operations.

f. BLUE may be used for an advisory light ial
" ! i 24 $ 07 + 1501y ich but r fer ntid H
£ BLUE shoulc ke avoided. ¥ TIGRE, Bub preverenziel ue

5.2.2.1.19 Flashing Lights - The use of flashing 1Tights shall be mini-

mized. Flashing lights may be used only when it is necessary to call
the operator’s.attention to some condition requiring ection. The flash
rate shall be within 3 to 5 flashes per second with approximataly equal
amounts of ON and-OFF time. The indicator shall be so Jesigned that,
if it is ‘energized and the flasher device fails, the Vight will itlumi-
nate and burn steadily (see 5.3.2.4).

There are numerous coaflicts with
this flash rate. We suggest
modification except when
“attention-getting" is critical.
Should ref other standards re;
signal lights.
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5.2.2 Light-Generated Displays

5.2.2.1 General - Light-generated displays (hereinafter referred
to as "transilluminated displays") may be used to indicate system,-
equipment and/or control condition. The following general types

should be considered: )

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

b. Simplé indicator lights, such as pilot lights, bull’s-
eve or jewel lights, and exterior signal lights.

¢. Transilluminated panel assemblies, which present qual-
itative status or system readiness information.

5.2.2.1.1 Application - Transilluminated displays should be used
when the “attention—getting" value of an illuminated vs non-
illuminated display 1s needed to increase the liklihood chat the
operator will attend to the conditional or functional- information
in a timely fashion. Except for certain cases (i.e., equipment
Power-ON pilot light), an "illuminated" display shall indicate a
positive system response, i-.e., the absence or extinguishment of i
a light shall not be used to denote "go-ahead", “ready", Yin-
tolerance”,”condition completion", and/or '"no-go" or "out-of-
tolerance"” condition.

5.2.2.1.2 Equipment Response - Generally, equipment state rather

than control position or condition shall be displayed, considering
the following:

a. Equipment state should always be continuzlly displayed.
b. Control actuation should be transiently displayed.

c. “ontrol setting should be continuously displayed if it
can be at variance with equipment state, e.g., an "in-
transit" condition should remain ON until the system
state is consistent with the control state (except for
in-transit durations shorcrer -than the operator's response
time.)y

This more adequately describes
the scope.

This clarifies the purpose and_
establishes application objectives
and limitations.

This broadens the copnditions tc
be addressed.
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5.2.2.1.3 Number of Displays - Due to the distracting character-
istics of 1ight-genmerated displays, such displays should be used
sparingly and shall display only that information necessary for
effective system operation.

5.2.2.1.4 Master Warning, Caution and Advisory. Lights - Master
warning, caution and/or advisory lights may be used to indicate
the condition of an entire subsystem, i.e., when space limitations
preclude location of an entire set of condition indicators in the
preferred viewing area, a master light indicator should be loca-
ted in the preferred viewing position, to indicate to the operator
that one or more of the "condition" indicators has been activated
(the latter being grouped in a less critical area of the work-
space ox «=ontrol panel), except as required in 5.2.2.1.6.

5.2.2.1.5 Location of Transilluminated Displays

a. When an indicator is associated with a control, the
indicator light shall be so located as to be immediately
and unambiguously associated with the control and visible
to the cperator during control operation (except when the
light is in an integral part of special control handles
viz; aiccraft f£light controls),

b. Critical function indicators (e.g., safety-related Master
Warning Lights) shall be located within 15° of the op-
erator's normal line of sight (see Figure 2), except as

indicated in (2) above.

5.2.2.1.6 Maintenance Displays - Indicator lights used solely
for maintenance (not required By the operator) shall be covered
or made l2ss conspicuous during normal .operation {i.e., they are

not illuminated except when actual maintenance is being performed) .

Covered elements shall be easily accessible when required.

5.2.2.1.7 Display Luminance and Visibility

¥
5.2.2.1.7.1 Luminance - The luminance (brightness) of trans-
illuminated displays shall be compatible with the expected range
of ambient illuminances assvciated with mission operation and/or
servicing and maintenance of the system and equipment. The fcllow-
ing factors shall be considered:in determining lumicance levels:

Title change more to--the point,

Original was unnecessarily limiting,
and couldn't be justified in all
applications., This -expands- the
concept so it is more universally
applicable.

Brings in exceptions. Otherwise
we would have unnecessary conflicts
with AFSCM 80~1 (HIAD).

This key point was not in the
original.

Slightly broadened.

This clarifies the total picture
of luminance.

30




TR

MF1 RECO/'MENDED MODIFICATiON

RATIONALE/REFERENCES

a. Within-display contrast, i.e., contrast between light ON
vs- OFF modes; two-level contrast if display requires a
dormant luminance to read an identifying label, plus an
active luminance increase to indicate functioning mode.

b. Display/Surround contrast, i.e., contrast between the
illuminated indicator and its immediate panel surface,
in which case effects of ambient reflection on either
the display or surround shall be compensated for (i.e.,
by increased display luminance, surround surface modi-
fication, use of filters or shields, etc.).

¢. Operator visual-adaptation requirements, i.e., display
brightness shall be compatible with the operator's re-
quirement to detect low-jevel signals or targets ix%

the external visual environment, and/or perceive faint
signals on a CRT or read red-lighted instrumznts provided
for night time overation,

~d. Conspicuity and attention-demand requirements, i.e.;
luminances shall provide the required alerting to insure
that the operator will not miss a critical warning,
caution or advisory message.

e. Distraction, i.e., lumirance levels shall not dazzie
or .otherwise distract the operator in a mannér that
could be detrimental to safe, efficient system op~
eration.

5.2.2.1.7.2 Brightness Level - Brightness of the illuminated
indicator shall be at least 10% greater than the immediate mount-
ing surface. When a two-level indicator is used, the difference
between the dormant and illuminated brightnesses shall be approx-
imately 2:1, fonsidering always the factors noted in 5.2.2,1.7.1.

5.2.2.1.7.3 Brightness Control - When displays will -be used uader
varied ambient 1lluminance, a dimming control shall be provided.
The range of control shall permit the displays to be legible under
all expected ambient illuminance. Dimming from "full-ON" to "full
OFF" may -be provided in certain non-critical operations, but shall
not be used 1f inadvertent failure to turn on an indicator(s)

would lead to critical operator failures, i.,e., farlure to detect
or perform a critical step in an cperation.

L

Ref: Van Cott, Human Engineering
Guide to Equipment Desiga,
1972, p. 02.

This adds the requirement need to
prevent operator from turaing
off critical displays. -
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5.2.2.2 Legend Lights

5.2.2.2.1 Applicaticn - Transilluminated displays containing
legends ah&IE be used in prefercnce to simple indicator lights
except in cer -tain applications such as Power pilot lights, and/or
vehicular and cther external signalling lights.

5.2.2.2.2 Visibility and Legibility - Legends shall be visible

to the operator whether or not the ilndicator is energized. exeepy
in warniag and caution indicators, and flight crew stations. The
size and other characteristics of leitering used for legends shall
conform to 5.5 herein, or as otherwise specified by the procuring
activity.

5.2.2.2.3 Color Coding - Legend lights may be color ceoded.
used, colors shall con%orn to the following criteria:

Use of RED, YELLOW, GREEN or BLUE shall cenform_t¢ re-
quirements in 5.2.2.1.8 [originally 5.2.2.1.18] .

If
a.

Other, "pala colors may be used as a means of providing
visual differentiation between and among single and
grouped indicators. Such coding colors shall nor con-
flict with colors in (a), nor materially reduce the
legibility of legends. Approval for such coding shall
be obtained from the procuring activity.

5.2.2.2.4 Display Size - Choice of legenc indicator size and
shape shall be determined on the basis of legead legibility, i.e.,
the maximum number and size of letters or symbols required for a
given application. There shall be at least a minimum border
around each legend equalling the width of the letter 'H' of the
selected type font. Display size may be used sparingly as a_cod-
ing device, i.e., legend lzgnts that denote perscanel or equip-

ment disaster may be discriminably Iarger ~han other indicators.
Typically these should also be colar chded and where approprizte,
brlghter.than other Lndlcato&s.

Clarifies exceptions.

To eliminate conflict wich other
specs. Also encompasses lettering
ro 2liminate separate par.

5.

2.2,%.3.

See MIL-STD-4£11 and MIL-T-23991.

An acceptable practice.

This is an important add'c on
based on current experience work-—
ing with designers. Mainly
because of current fad to cperate
everything by push buttens aad
legend lights.
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5.2.2.2.5 Multi-Function Legends - Indicators designed to pro- This replaces "Matrix" par. 5.2.2.2.
vide alternately-presented legends shall preseat only one legend because this type of display was not
at a time, 1.e., the legend not in use shall nat be vis’ble. Ii covered originally, and the original
the indicator device utilizes "stacked” legends, it shall be de- 5.2.2.2.6 is useless, L.C., it 1is
signed so that (1) when the rear lcgend is energized, it shall not clear what is meant by “matrix"
not be obscured by the front legend{s), (2) rear legend plates or “symbol ambiguity”.

: are so posxtloned as to .ninimize parallax; and (3) rear legends

- have approximately equal brightness to front legends, and the
contrast between rear legends and background is equal to that of

front legend and its background.
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5.2.2.3 Simple Indicator Lights -

5.2.2,3.1 Yse - Simple indicator lights should be used when design
considerations preclude the use of legend lights.

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

5.2.2.3,3 Coding -~ Simpie indicator lights chall bé coded in conform-
ance with Table I1; however, the different sizes shown are intended only
for the attenticn-getting value that largér lights of at least equai
luminance provide in relation to indicator lights of lesser importance.

Too limited!

Should net be mandated!
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TABLE Il. CODING OF SIMPLE INDICATOR LIGHTS
SIZE/TYPE COLOR
1ZE " RED YELLOW GREEN WHITE
1/2INCH 113mm) Molfunction; action Deloy; check; Go chead; in Functionol ot
DIAMETER or stopped; foilure; techeck. toleronce; occeptable; physical positien;
SMALLER/STEADY step octidn.

1:INCH (25mm)

Master summotic

Extreme caution

reody,

Moster summotion

action in progress.

DIAMETER or (system or {impending donger), (system or subsystem). !
LARGER/SYEADY subsystem}.
4
} 1-INCH (25mm) Emergency condition
DIAMETER or (impending personnel
LARGER/ FLASHING or equipmant
(310 5/ sec.) disoster),
TR I Y . - eee
- -
- )
- ;
1 .
kS - vl
¥ . }‘




!:e
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RATIONALE/REFERENCES

5.2.2.3 Slmple Indicator, Signal and Identification Lights

5.2.2.3.1 Application - Simple, non-legend light displays may be

used when design considerations make legend light displays im-
practical, e.g.:

a. Small size of pilot light precludes legend or symbol

imprint on display surface. Application primarily for
Power=ON-OFF indication,

Small equipment indicator, e.g., light to indicate radio
is in. AM vs FM mode.

c. ‘Vehicular panel indicator, e.g,: "high beam“ ‘headlight
mode, 1eft/r1ght "turn signal 1nd1cat10n , etc.

d. External vehxc‘e identification/mode- lights, e.g.: rear
caution/stop/backup/turn 11ghts, vehicle perimeter warn-
ing lights, and "blackout' lights, aircraft position
lights, navigation lights, anti-collision lights.

e. Ground-based beacons, airport runway, taxiway, obstacle
-warning and roadway signal lights.

f. Marinecraft position, navigation and signalling lights.

5.2.2.3.2 International Conventions and Standards = International
conventions” and standards for aircralt, highway vehicle, and
marinecraft shall be followed in d951gn, location and luminance

characteristics of all military systems utilizing public roadways,
airways, -or navigable streams, rivers and seaways.

5.2.2.3.3 Other < Simple light displays used on operator control
panels shalTl confo¥m to the following:

a. Location and Spacing shall be such that 11ghts are
wisible (1 e., not obscured by an intervening control,
operator s hand, or at an angle that causes the
indicator bezel to diminish the effectiveness of the
light). They shall also be far enough apart so that
lamp réplacement is convenient.

Title expansion considered desirable,

This expansion i5 more representative
of the applications scope.

This is a key point not recognized
in original.

Added conditions.
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RATIONALE/REFERENCES

—}y.
b.
S c.
d.

portance,

Brightness shall be sufficient for the operator to easily
differentiate between an ON and OFF condition. The in-
dicator shall also be designed and/or otherwise posi-

tioned or shielded so that bright ambient light will not
cause the indicator to appear lighted when it is not,

and/or so that the lighted indicator will not reflect on
other critical viewing surfaces and thus diminish viewing
-effectiveness of a display or window. Brightness of
simple light indicators shall not be so high as to create

"dazzle", and/or destroy required operator dark adapta-
tion -where required.

Size coding, if used shall conform to criteria presented
in Table 1I. Note: The different sizes indicated in
Table I1 are intended only for the attention-getting
value that larger lights of at least equal luminance
provide in relation to indicator lights of lesser im-

Shapé coding may be used to aid the operator in quickly
identifying a function, and/or to provide additional

information, e.g.: "arrow-shaped", vehicle turn indicator
lights identify the direction of turn (left or right).

Clarification,
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TABLE iI.. CODING OF SIMPLE INDICATOR LIGHTS

1-INCH {25mm) -
DIAMETER or
LARGER/STEADY

- 1INCH {25mm)

: DIAMETER or
‘LARGER/ FLASHING
(310 5/sec.)

5.2.2.1.14

| Note: See also

‘Master summotion
{system or
subsystem).

‘ém?ﬂﬁcqc} condition -
- (impending -personnal”

or equipment

|- disoster).

E:ugme caution-
{impending donger).

IZE/ TYPE = : —
[ 57:ZE/~ . & _ "RED _ _ YELLOW- _ ... GREEN . - _ WHITE =l
1/2!__NCH 13mm) Molfunction; -oction Deloy; check; Go ohedd; in - “Functionol .ot
"OIAMETER or . _ stoppad; foilure; techeck, roleranco; occeptable; | physical position;
SMALLER/STEADY stop-oction, ready,

Master-summation-
(system-or subsystem).

action in progress,
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ORIGINAL REQUIREMENT

MF I COMMENTS

5.2.2.4 Transilluminated Panel Assemblies - Transilluminated pane)
assemblies, which present whole patterns of information, should be
considered for presentation of data flow and complicated data organiza-
tion.

This is too important to treat
so lightly!




MF RECOMMENDED MODIFICATION

RAT [ONALE/REFERENCES

5.2.2.4 Transilluminated Pa1e1 Assemblles ~ Transilluminated

(integrally-Tighted) panel assemblies should be considered for
the following:

a. To provide illuminated labels for a control panel.

b, To provide a light source for illuminating transillum-
inated control knobs,

¢. To provide illuminated association markings on a control
panel, e.g., connecting lines betwezen controls, outlines
arcund a functionally-related group of controls and/or
displays, etc.

d. To create a 'pictorialized" representation of a system
process, communication network, or other information/
component organization.

5.2.2.4.) Integrally-Lighted Sub Panels ~ Integrally-lighted sub-
panels shalI be designed so that all panel markings are equally
visible throughout the range of panel light level adjustment; and
brightness variation among separate sub panels on the same light-
ing circuit shall not exceed 1:7.

5,2.2.4.,2 Large, Single Pictorial Graphic Panels - Large, single
p1ctor1al graphic panels used to display system processing, com-
munications networks, etc. shall comply with requirements for
visibility, legibility, color and illumination as specified hcrein

5.2.2,4.3 Re-Lamping - When incandescent lamps are used as the
source for 1nteg—aI Elghtxng of panel assemblies, lamps shall be
readily accessible without ;emov1ng the panel(s). There shall be
a sufficient number of lamps provided so that failure of one lamp
will not cause the display to- be unreadable.

5.2.2.4.4 Brightness - Brightness of illuminated panel markinzs
and/or tran51I§um1naCed controls shall be compatible with the
ambient enviroument and/or the operating conditions (e.g., dark
adaptation requxrements) Brightness control by the operator
(dlmmlnp) shall be provided where applicable to maintain approp-~
riate vzsgbllzty -and/or operator dark adaptation level.

Rationale for this expansion
should be clear from the material
presented..

See MIL~P~7788, MIL-L-25467 and
and MIL-C--25050.

Also: Van Cott, Human Engineering
Guide to Equipment Design, 1972,
p. bo.
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5.2.3 Scale Indicators -

5.2.3.1 General

5.2.3.1.1 Types of Scale Indicators - The types of scale indicators
that should be considered are:

a. Moving-pointer, fixed-scale, circuiar, curved (arc), horizon-
tal straight, and vertical straight.

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

5.2.3.1.2 Applications - The selection of scale indicators for various
applications should be based on the criteria in Table III as well as

the specific criteria contained in this section. Moving-pointer, fixed-
scale indicators shall be selectaed in preference to fixed-pointer,
moving-scale indicators. The latter should be used only when necessi-
tated by operaticnal requirements or other conditions, and when approved
by the procuring activity.

5.2.3.1.3 Quantitative Information - Scadle indicators should be used
to display quantitative information in combination with quaiitative
information (such as trend and direction-of-motion} and where only
quantitative informetion is to be displayed and there is no require-
ment {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 Scule Markings -

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

5.2.3.1.5.2 Intermediate Marks - The number of minor or intermediate
marks between numbered scale pointers shall not exceed nine.

This is not useful. Should start
with “Applications”.

Table TII necds expansion and updating

This whole secticn is too "terse”
an noh—informative. [t necds
illustrative clarification since,
in some instances words become too
complicated to clarify the basic
irtent.
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5.2.3.1.6 ilumerals -

5.2.3.1.6.1 Major darks - Except for measurements that are normally
expressed in’ decimals, whole numbers shall be used for major gradua-
tion marks.

5.2.3.1.6.2 Starting Point - Display scale shall start at zero, except
where this would be inappropriate for the function involved.

5.2.3.1.7 Pointers -~

5.2.3.1.7.1 Length - The display shall be designed so that the control
or display pointer wiil extend to, but not obscure, the shortest scale
graduation marks,
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TABLE Ill. APPLICATION OF VARIOUS TYPES.OF MECHANICAL DISPLAYS

SCALES
USE Moving Pointer Fixed Pointer COUNTERS PRINTERS FLAGS
FAIR FAIR GooD G000
May e ditheuit May be drificurt Minimum 1 and Minimum time and
QUANTITATIVE te tesd while 10 1ead white #trof foe oxact orrer 1o enact N/A
INFORMATION posnter it in scale 0 numericsl welue, numericel veloe,
motion, motion,
GoOD POOR PO0R POOR GOoo
Location of pointer Dithieutt 10 judge Numbars maat Se Numbers must be Eauly detected.
amy Numbers snd duecnon and 1e8d. Poritien rond, Position Economucal of
QUALITATIVE scale nesd not be magnitude of changes not thange net opace,
INFORMATION rend. Poyilion deviation without oanely dotectod, omily dotocted.
chengs sasily rencing numbe:s
deected, and scole.
GoOoD FAIR GUoO
Simpis snd direct Ralatwon 10 mo- Mot scouwate mon-
relelron of motion t.on of setting itoring of numenicaf
of pointer to motion knols may be mtting. Reletion to
of setting knob, ambiguous. No motion of yettewy
SETTING Postion changs poInler potition knob less dwrect N/A NIA
seds monitoning, change 15 axd than for moving
momtonng. Nat pointer. Not resd:
rendisble Junng atle duting tapsd
raped satting. sefting.
cooD FAIR POOR
Pointer position No poution Ne gross position
resdily controlled changes 1o »id chengss 10 wd
TRACKING- &ng monitored, monitonry, Re: momionng NIA NJA
Simplest relétian lstion te control
to menusl control motien sormewhet
metien, ambguews, .
Roquien forgest Seves paret spase. Most economecsi Limeted Limited
oxpumd ond il Only smalf section of spece and i+ spplecnton, sppheetion
s ted aree on of scele swed be tumination, Scele .
GENERAL panel. Sasle orposed sndil. fongth linwind .
fongth heted tuminated. Use of oy by mber of
wniam multipls tape sliows jeng counter dryms.
pointery uend. swole.

This table does not address a typical
display area (pictorial instruments);
it needs to address another use area
(e.g., pre—estimacion); and the
“General" section laczks purpose,
i.e., it does not seem to be applica-
tions oriencted.
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 RATIONALE/REFERENCES

5.2.3 Scalar Indicqtots

5.2.3.1 General

5.2.3.1.1 Applications - (See Table 1II.) Scalar indicators
should be useg in preference to digital readouts when the data
displayed are of qualitative as well as quantitative value (e.g.,
when trends, direction of movement, more-than/less~than relation-
ships are of value .as well as the specific numerical value), or
of qualitative value only. Scalar indicators should not be used
when the primary purpose is read out of precise quantitative
information.

5.2.3.1.2 Preferred Type -~ The preferred type of scalar indica-
tor for most applications has a moving pointer and a fixed scale.
(The scale may be circular, curved (arc), horizontal, straight or
vertical straight.) With this type of scale both the scale pro-
gression and control movement are compatible with operator expec—
tancies hence it can be used effectively wherever a scalar indi-
cator is required. The other major type of scalar indicator has
a fixed pointer and a moving scale. Because there is always
compromise to one or another human engineering principles in use
ot this design, its use should be limited to the following appli-
cations: (a) where multiple scales can be lined up and read in a
row or column (with the readout values always- appearing in the
same position--preferably in the center of window openings) and/or
(b) where speed and accuracy of setting is- not ¢ritical.

5.2.3.1.3 Scale Linearity - Scales should be graduated linearly
even if the function being controlled is non-linear. If the non-
linearity of the function causes too much scale compression making
difficulty in readout or adjustment, another type of device such
as a moving tape indicator would be preferred over use of a non-—
linear scale.

5.2.3.1.4 Scale Marking and Numbering

We :-believe the following revisions
and .additions make this section
more complete, definitive and
broadly applicable than the
original.

Ref: Van Cott, Human Engineering
Guide to -Equipment Design,
1972,7Ch. 3.

The preferred format idea is brought
up front.

éxception guidance is provided.

OQur professional judgment is that
non-linear scales should be avoided
in military equipment because of
susceptability to misinterpretation.
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TABLE III.

APPLICATION OF VARIOUS TYPES OF MECHANICAL DISPLAYS

SCAIAR_INDICATORS . MECHANICAL : PICTORIAL . 7
use MOVING POINTER MOVING FOINTER COUNTERS T INSTAUMENTS PRINTERS FiACs
FAIR- “FATR €00 FALR } €000 -
- P . N g — -y » -
QUANTITATLVE Difficult to read wiiie Difficult—to resd shile Minioum Liwe and error for Dicection of sotim/scale [Hininm time and-esror for
wrbnw\ﬂé" pointer is 1 motivg, scale i3 10 motion. c;u.c rrerical value, bic, zelativng smetines con= fexact numeriesl value.
S : ”lwk to read vhyn flict, causing aediguity NIA
'4- v in mterpnuucn.
}
!
€000 PO0R PGOR ) <00d 7042 Logh
Locarion of poirter easy. Difficult 2o judse direem (Mubers sust b? raad, Feal wozld sizaation muce [Nmbors sust S read. sty d-tecied, Ecome—
QUALITATIVE | brrs and scale need © {tion avt magzitude of Position thasges not , quickly assimilated. Position chages ot fcal=of space.
INFORMATSON ot be tead. Position desiation vizhout reading Jeasily Jetected. easily cetested,
SR * change eas;ly detzcred,  umbers and scale. i
Co0D FAIR 00D ceos i
Sizple and dizeer gols~  Aelation to rot on #1 seC= [Most Jcoucate emmizoring @ fenerally =% zmtrole ‘
tion of retin uf poirtee ting k0o Sy be xdiguoussrmerical setting, Belav  display relatinsuprasy !
SETTING o Totiom of ;..“"_s o, ¥ painter 3 'runm_ ehu\ im 'o =otivn of-setking 1o obger v, NIA i N/A .
fosition change 3ids na= 42 Jid fnitaning. L "‘""‘5 253 S1e2dt thas for !
itori ir- Lable during Tapid sei- inoving pointer. 'or read- H
. "tira. rable during zapid serting. :
coop FAIR ; POOR S0 .
Pointer position roadiiv Ne position changes Ty ‘Mo gross position chan~ Vv a3 30w,
TRACKING controlled and mwitored. i sconitosing. Relation §305 w2 aid snitiring. }
IRALE L Sizplest relatien to aeito contnd mita sam- | EN : A
wl conteol cotivm, v'xxc EBiaus, ' .
—_— : H .
coO FAIR POUR M [ FAILR
Easy zo 2alculate ,ou- Subject o rewssal Aoqires evntal caleulas  Fasy to caloslate ether {Cin predice possible
DIFFERE.\'CC tively cr negatively by ;etrors. cion, + quantitatively or cuale 5u:u‘r’; p-uex of pen .
ESTIMATION scarning scale. « itatively by visual in-  jeraze. bl
- ; speceion,
¥ - —
i Co9n”
i Provides hard copy,
ia_;,;,;sb. NIA NIA 27A ' HIA- L728
S;Tnﬁ_ Md eric values | Both cmn‘ tiative 6luu;.a- Hard_copy feisrance Usa ia conjinczion with E
Liaft. te th fo only; oo -dywaic tiona] of N”W"-'l info |anticipated, saalar, qusi-pictarial ¢
?C!::ERAL d:;sd::::r e :dn situations, ara requited or.other-instevnt. Use |
bast swihad ?orjcaxz exzersion, to indicte instrnmt |
Sordition, f
|
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RATIONALE/REFERENCES

5.2.3.1.4.1 Graduation Markings = Scale graduations shall be in
increments of 1, 2, or 5’un1ts ox -decimal multiples thereof (ex-
cept as noted in 5.2.3.1.4.2). ¥No more than three sizes of marks
shall be used on any scale. The scales which require three sizes
of marks include: (1) those which -have numbered values in multi—
ples of 10 but are graduated in units (multiples of 5 receive the
intermpediate size), and (2) azimuth scales numbered in multiples
of 30Y but graduated in 5° and 10” intetvals. The number of
graduation marks between numbered marks shall not exceed nine.
The sizes of graduation marks which should be used are presented
in Table , and illustrations of scales graduated in various
ways are provided in Figure

5.2.3.1.4.2 Scale Numerals - Except for measurements that are
normally expressed i1n decimal fractionms, whole numbers shall be
used for major graduation marks. Intermediate marks should
ordinarily not be numbered. On fixed-scales numerals shall be
vertically oriented, and on rotating scales numerals shall be
radially oriented and positioned so as to be upright when read
aga1not the pointer. Bearlng dials shall have numerals (and
maJor graduation marks) at either 10° or 30° as shown in

Figure

5.2.3.1.4.3 Scale Length ~ Scales shall start and end on z major
graduation maTrk even 1% this puts either or both ends beyond the
usable range of the scale., (e.g., if the maximum voltage which
can be read on an instrument is 23 volts, the scale shall go at
least to 25 volts where there could be a major graduation mark.)

5.2.3.1.5 Pointers

5.2.3.1.5.1 Length - Cn fixed-scale indicators with outward- .
projec :Lng marks the pointer shall extend almost to the inboard
end of the graduation markings but shall leave a short gap (e.g.,
1/32“) S0 as to provxde Eor better vernier acuity. On fixed scale
indicators with inward-projecting marks the ends of the different
sizes of marks are at different distances from the center; on
indicators. of this type the poxnter should extend almost to the
inboard end of the shortest (minor) graduation marks. The pointer

Réf McCormick, Human Factors in
Egg1neer1ng,ada“§esxgp, 1976,
13. -

Van Cott, Human Engineering
Guide to Equlpment Design,
1972, ». 85.

Professicnal judgment.

Rzf: Wocdson and Conover, Human
qu;neerxngAguxde for Equipment
Désxgners, 1966, p. <=1b.

i
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Scale Mark Pirensicus for 28~Inch Viewing Distance

. . Blacrk vn White White ¢n Biack
Dizension ) (in.) (cat (in.}
A Width G.0BY {3.0353) 0.318 (G.125)
B Width 0.064 {0.023) .38 (0.1325}
C Width 0.078 {G.930) 0.3i38 {(0.1233
D Length 0.558  (6.22 ) 0.55¢  (0.22 )
E Length 0.254 (0.6 ) G.254 (0 10 3
F Length 0.406 0.1 ) 0,506 (0.156 3
(G Minimum .27 ¢m (& 2 in.))

(" Minimum 0.1775 cm (0.07 in.))
& Notes: (1) For other UILH'ﬂg distances, the proporiicas should be
aintained by nsing the following formula,
Dimension at x-ip

28-1ia

(2) The pointer tip width should be the same as the widch
of the minor index.

{3) The above narking dimensions are for "light =arks” on
a dark background. When “dark” marks are used on a
ltght background, the stroke width dimeasions should
be increased by 20 percent.

Table ~ Sizes of Craduation Marks




A - Fixed scale-moving pointer preferred;
0 10 Three-level marking, numbered at
| each major mark. Pointer adjacent to
O graduation marks to preclude obscuration
of either marks or numbers.

—

B - For short, finite scale, every 5th
graduation is marked; using only

Q\\ﬂ\”""H 17 two-level marking.

C - When scale crowding makes pointer-
mark association difficult, scale

o 10 may be graduated in units of two, with
TN Y two~level scale marking and numberlng
‘ at each maior marking.

D - When dial face is deeply inset within
instrument case and visibility of
lugl””l numbers is more important than scale
- mark-pointer associat:on, pointer may
0 10 be located inside the graduations along
with numbers at major markings. Pointer
width should be narrowed at point in
which it passes numbers.

E - Moving scale against an index mark or pointer

10 6 | may be used when scale length precludes the

wdundbunduat fixed scale format (i.e., graduation marks

- ; would be too close together). Open window
configuration helps operator focus on sig-
nificant scale area.

F - When open winlow config-

v uration is or. :ed in
vertical position, num-
i0 bers should appear up-

right as each number passes
the index mark or pointer.

Total scale exposure is
desirable when operator
needs ‘to refer to other
portions of the scale.

Figure __ ~ Scale Graduation, Pointer Position and
Scale Numbering Alternatives

PSR e
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Graduated in 19 increments

30 dJ‘ﬂL—j—]t‘i\J‘ 3¢
3),92 \%

Graduated in 5° increments

Graduated in 10° increments

Large Dial Diameters

Small Dial Diameters
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*Note: The :above general scale marking concepts also
apply to displays in which measure is in mils.

Figure __ - Fixed-Scale Azimuth Dials
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RATIONALE/REFERENCES

.or index on moving scale indicators should always approach the
rim of the scale from the outside, not from the center, See
Figure

5.2.3.1:5.2 Width - The width of the pointer, where it intercepts
the grzduation matrks, shall not exceed the width of the inter-
mediate marks.

5.2.3,1.5.3 Mounting - The pointer shall be mounted as close as
possible to the face of the dial to minimize parallax.

5.2.3.1.6 Luminance Contrast - Luminance contrast of at least 50
percent shall be provided becween the scale face and the markings
and pointer.

5,2.3.1.7 Calibration Information - Operator tasks should normall
be designed so that calibration as a part of operation is unneces-
sary. When calibration is required as part of the operating pro-

cedure it shall be presented in a legible but inconspicuous manner
50 as not to interfere with dial legibility.

5.2.3.1.8 Coding - When certain operating conditions (such as
normal operating temperature or dangerous pressure level) always
fall within a limited range of the total scale, these ranges
stould be made readily identifiable by means of pattern, color,
or shape coding applied to the face of the instrument. Use of
fédzcogor coding should be limited to caution situations.
Operating zones may be shape coded when the indicator must be
viewed in very low-light-level work environments (e.g., 0.02-0.1
Ft<L) or where the illuminant cclor will cause difficulty in
discriniination of colors, See Figure .

AT A T R e — - vn e mem - C e e Ee——

4

Professional Judgment (but based
on study performed at NEL about
1950 - report not located)

Ref: Van Cott, Human Engineerin
Guide for Equipment Design,

1972, p. 90.

44
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MFI COMMENTS

5.2.3.2 Moving-Pointer, Fixed-Scale Indicators -

5.2.3.2.1 MNumerical 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 position.

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 ere displayed around a zero or a null position, the zero
or null point shall be located at either 12 o'clock or the 9 o'clock
position. Positive values shall increase with clockwise movement of the
pointer, and negative values shall increase with counterclockwise move-
ment.

5.2.3.2.3.3 Scale Break - There shall be an obvious break of at least
10° of arc between the two ends of the scale, except on multi-revolution
instruments such as clocks.

5.2.3.2.3.4 HNumber 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 conditions in a group of circular-scale indicators, they 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 under
normal operating conditions. If a matrix of indicators is needed, pre-
ference shal) be-given to the 9 o'clock position.

Misses "left—~to-right".

Other zero position considerations
should be addressed,

Clocks are exception.
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ORIGINAL REQUIREMENT

5.2.3.2.3.6 Placement of Numerals - Numerals shall be placed outside
of graduation marks to avoid having numbers covered by the pointer.
Numerals may be placed inside of graduation marks when it is necessary
to .avoid-constriction of the scale. In any case, the pointer shall
extend to, but not obscure, the shortest graduation marks.

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 point, the positive
values shall increase with movement of the pointer up or td the right,
and 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 Numerzls ~ HNumerals shall be placed on the

side of graduation wmarks away 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 tc aveoid undue con-

striction of the scale.

and/or scale marks!

Solution to scale constriction 1s
nhot poor format but rather a
change in dial size!

Same comment as above.
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5.2.3.2 Movinngointer, Fixed—-Scale Indicators

5.2.3.2.1
clockwise, from left to right, or from bottom to ‘top depending on
scale layout (e.g., circumferential, or linear in horizontal or
vertical axis).

5.2.3.2.2 Orientation of Numerals ~ Numbers on fixed scales shall
appear vertical (upright) to the observer.

5.2.3.2.3 Clrcular Scales

5.2.3.2.3.1 Scale reading and. Pointer Movement - [}ame as the
orlglnal]

5.2.3.2.3.2 Zero Position and Pointer Movement - The position of
the zero value on a num mbered scale, and the relative pointer move-
ment shall conform to criteria im Figure

5.2.3.2.3.3 Scale Break - There shall be an obvious break between
the two ends of non-continuous scales of at least 10° of arc.

5.2.3,2.3.4 Number of Pointers - Except for clocks or watches
(which often have three hands); -not more than two coaxial pointers
shall be used on a single dial indicator.

5.2.3.2.3.5 Aligned Pointers for Check-Reading - [hlthough title
change is recommended, material should be same as original. But
add (see Figure )jn

5.2.3.2.3.6 Relative Position of 3cale 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 scale marks or numerals, and
scale marks/numbers shall be on, or close to tne plane of the
pointer t1p (i.e., to avoid vxsual parallax - see Fig R
However, ‘if readout accuracy is not critical (i.e., gross relation
ship between. the pointer and the numeral is all that is required),

anl arrangement of numerals ' ‘inside" the scale annulus is accept-
able.

(See examples in F1gure ).

‘Numerical Progression - Numbered scales shall increase |

RATIONALE/REFERENCES

‘Ref: Woodson and. Conover, Human
Engineering Cuide for FEauipment
esigners, 1966, p. 2-13.

Illustration is used to clarify
alternate concepts.

We feel strongly about this in spite
of -conflicts with some aircraft specs.

Precision has little to do with
requirement.

Illustrztion is added since typical
reader will not know what we are
talking about.

Collates and illustrates all
variables,.

Professional .Judgment
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When o dial scale is of finite
length, it should be numbered so
that value increase is cloekwise.,
The zero starting point should

be approximately at the 7-o'clock
position. There should be .n
obvious “break™ between the two
ends of the scale of at least 10°
of zre.

Whea mulci-revolution pointer
movement is involved, the zero
reference should be ar the top of
the dial and there should be no
break between scale ends. MNo

more ‘than two pointers shall be

used cxcept for special cases, e.g.,
clock (with second hand) .

Azimuth dial scales shall be laid
out with the zoro (or North) ref-
erence at the top of the dial, and
scale values shall increase clock~
wise. At least every 30° reference
should be numbered. ’

Positive/Negative dial formats
shall be laid our with the zero

(or "aull" position) located at

the 9, 12, or 3-0'clock position.
Scale values shall increase right
or left, or up or down as appro~
priate to provide positive/negative
pointer movement relationships.

Figure = Zero Position and Pointer Movement for
Gircular dial Displays




12~0'clock pointer
alignment for
vertical dial array

cece

9-0’clock pointer
alignment for
horizontal dial
array.

w——

L

Straight-line scale
format with "nominzl"
operating reference
common among all dis-
plays at the mid-scale
position. Applicable
also for "moving-tape"
indicators.

Figure _ - -Aligned Pointers for Rapid -Check-Reading




Alternate format when the
instrument face is surrounded
with a deep bezel, i.e., num~
erals are inside the scale,
since gross reading of numbers
1s paramount.

Figure _ ~ Relative Posici

For maximum reading accuracy,
numerals shall be placed out-
side the scale, and the inmner
anaulus of scales marks provides
an “even” border, against which
the poiuter tip rides, i.e., the
pointer is an equal distance
(nominal 0.0312-0.0625~inches -
0.079-0.159 cm) from all scale
marks, never overlapping any
mark or numeral.

The plane of the numeral/
scale information should

be coincident with that of
the pointer tip - or as near
as is practical, to prevent
or minimize visual parallax.

on cf Scale Marks, Numerals

and Pointers on Circular Dials
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5.2.3.2.4 Curved (Arc), Horizontal or Vertical Straight Scales

5.2.3.2.4.1 Scale Reading and Pointer Movement -[?ame as the
origindLJi j

5.2.3.2.4.2 Zerc Position and Pointer Movement =~ The position of | Illustrations to clarify statements.
‘the zero value on curved or straight scales shall conform to
criteria in Figure

5.2.3.2:4.3 Relative Position of Pointers, Scales and Numerals -
The relative position of pointers, scales and numerals shall
conform to criteria in Figure




i
*
%
.
t
i
i
R

b e e

. -Numerals should be located outside
scale marks, &nd: pointer should
ride against the .inner scale annulus
just short of the markings. The
zero reference should be to the
left so that increasing numbers and
pointer motion is clockwise.

Zero reference (null) for arc scale
formats should be centered on the
scale, with positive value increase
to-the-right or upward; negative
increase to-the-leit, and/or down—
ward. A "mirror image” of the
vertical format is also acceptable.

Relative lccaticn of numerals, scale and pointer
on "straight-line" display formats should be as
shown, i.e., pointer should not cover either the
scale marks nor the numerals. The pointer should
eminate from the right side of the vertical for-
mat; from the bottom of the horizontal format.

8 W _ Note: Zero reference for
55?— © e— straight-line scales

should be centered.

-~ Relative Position of Scale Marks,
Numerals and Pointers on Arc and
Straight-Line Scales




ORIGINAL REOUIREMENT

MF! COMMENTS

5.2.3.3 Fixed-Pointer, Moving-Scale Indicators -

5.2.3.3.1 MNumerical Progression - On fixed-pointer, moving scale indi-
cators;—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 uprignt
when in the reading position.

5.2.3.3.3 Alignment of Pointer or Fixed Reference Line - ATignment of
pointer or fixed reference line shall be in the i2 o'clock position for
right-left directional information and in the 9 o'clock position for
up~down informatior. For purely quantitative information, either posi-
tion may be used.

5.2.3.3.4 Setting - If the dispiay will be used for setting in a vaive
{e.g., tunipg in & desired wavelength), the unused portion of the dial
face shall be covered, and- the open window shall be large enough to
permit at ieast one numbered graduation to aeppear at each side of any
setting.

'™

5.2.3.3.5 Tracking - 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.

Believe "Open Window” in title
woul4 improve its reference valse.

‘Without a specific example this

requirement is probably confusing.
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5.2“3.3‘ xed-Po1nterl_Hovzqg-Scale Indxcacors

:5.2.3;3;1 Numerical Progression - [Same as oxlglnal.]

5.2.3.3.2 Orisntation = [Sane as origiﬁalJ

5.2.3.3.3- Alignment of Pointer or Fixéd Reference Line -{Saae
as or‘g1nali :

5.2.3.3.4 onn Window Display - When the display will be used
primarily for “setting 1a a value" (e.g., tuning to a desired
wavelength), only the port1on of the scale of interest should be
exposed, i.e.; the rest of the scale 1s covered to reduce visual
clurter and confysion. The oper windcw shall be of sufficient
size to perait view of ar least one numbered graduation either
side of the desired setting, i.e., at least two number values
shall appear within the window at all times unless the scalie is
finite and the dial carnot b2 rotated con:xnuously through suc—
cessive rctations im the same direction. £ the display will be
used for tracking (as in the same of a directional indicater),
the entire face of the dial shall be exposed.

5.2.3. 3.3 Tracking - This requirement has been incorporated in
5 .3.3.4, with slight ncdzfxcatxcna

Slight modification to insure that
two numbers appear in window. Also
picks up tracking requirement.

Van Cott, Human Engireering Cuide
to Equipment Design, 1972, p. B3J.

Deleted.

LT
b
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RAT|ONALE/REFERENCES

NEW SECTIONS

5.2.3.4 Moving Tape Displays — When the scale length required for
acceptable readout accuracy exceeds the limits of the capacity
of the display package, i.e., compaction of scale marking would
make the display illegible and/or subject to readout error, moving-
tape scale format shall be considered,

5.2.3.5 Composite Scalar/Pictorial Displays - Combinations of
scales, pointers, and/or pictorialized-symbols may be used t< )
combine functionally-related information into a single instrument
or display (e.g., artificial horizon/command heading, true/
relative bearing and other similar combizations). Design of sig-
nificant reference features (aircraft or ship symbols, horizon/
a¥titude or pitch scales, etc.) shall conform to the general
criteria hetrein relative to direction-of-motion, scale-pointer
relationships, 1eglb111ry, ecc. Color contrast shall be used to
aid the operator in differentiating among various elements of

the combined or composite display (i.e.; dark "land" vs light
"sky", etc.). See also 5.2.6.5, "Flags".

5.2.3.6 Head-Up Display - The ' head—up d;splay (a posltlonall
command type of display typically projected on the primary wind-
screen of an aircraft cockpit, to provide the pilot with fllght
dirzction information without his or her having to look down into
the cockpit at instrument panel displays), may be considered

with the approval of the procurlng agency. The head-up display
concept shall not be used for ground~borne or sea-borne vehicles

or other operator control-display installations without express
approval of ths procuring agency.

5.2.3.6. Display/External Viewing Intetference = Marklngs
prOJected on the windshield shall be designed and “illuminated in
a manner that will not create confusion with external visual
detajls required by the pilot for safe flight. Brightness con-
trol shall be provided the operator, with sufficient latitude

to set thle br&ghtness appropriately for the expected visual
énvironment variations.

S—— T T peem—————

These requirements represent
updating recommendations.

Ref: Woodson and Conover, Human
Engineering Guide for Equipment
Designers, 1966, p. 2Z4.




P

- ORIGINAL REQUIREMENT
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5.2.4 Cathode Ray Tube {CRT) Displays -

5.2.4.1 Sianal Size - When a target of compliex shape is to be distin-
guished from a nontarget shape that is also complex, the target signal
shouid subtend not less than 20-minutes of visual angle and should sub-
tend not less than 10 lines or resolutfon c¢lements. Image quality shall
be consistent with the operator's needs.

5.2.4.2 Viewieg Distance - A V5-inch (410 rm) viewing distance shall

be previded wheaever practicable. When periods of scope observation

will be shert, or when dim signals must be detected, the viewing dis-
tance may be reduced to 10 inches {250 mm). Design should permit the
observer to view the scope from as close as he may wish, Displays

which must be placed at viewing distances greater then 16 inches (410 mm)
due to other considerations shall be appropriately mocified in aspects
such as display size, symbol size, brightness ranges, line-pair spacing
and resolution.

5.2.4.3 Screen Luminance - The arbient illuminance shall not contribute
more than 25% of screen brightness through diffuse reflection and
phosphor excitation.

$.2.4.64 Faint Signals - When the detection of faint signals is required
and when the zmoient illumirance mey be above 0.25 FT-C 2.7 lux), scopes
shall be hooded, shielded, c¢r recessed. (ln scme instances, a suitable

filter system-mey be employed, subject to approval by the procuring
activity.)

5.2.4.% Luminance Range - The lumimance range of surfaces {fmediately
adjacent to scopes shall be between 10% and 100% of screen background
luminance. With the -excoption of emergency indicators, no light source
in the immediate surround shall be brighter than scope Signais.

5.2.4.6 Ambient Illuminance - The ambient {)luminance in the CRT area
shal} be appropriate for other visual functions (e.g., settiny controls,
reading instruments, maintenance, étc.) but shall not intéerfere with the
visibiiity of signals on the CRT display.

5.2.4.7 Réflected Giare - Reflected glare shall be minimized by proper
placement of the scope relative to the light source, use of a hood or

shield, optical -coatings or filter control over the 117  source.

onsidering the widespread use
nd variety of applications for
¢RT displays, the present section
s entirely inadequare because of
jeficiency in scope and content.
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5.2.4.8 Adjacent Surfaces - Surfaces adjacent to the scope shall have a
duli matte finish. The reflectances of these surfaces shall be such that

the resultant luminances will be consistent with the criteria established
above.




ORIGINAL REQUIREMENT

MF1 COMMENTS

5.2.4.9 Electronically or Optic2lly Generated Displays - Electronically
or optically generated dispiays shall conform tc MIL-STD-884.

L
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RATIONALE/REFERENCES

5.2.4 -Cathode-Ray Tube :(CRT) Displays

5.2.4.1 Aggllcat1ons ~- Cathode ray tubes may be used for a wide
variety of display purposes such as presentation of: sensor data

from radar, sonar, electronic-warfare systems, etc.; computer-
generated data such as processed sensory data, targec tracks,
computer graphics, status data, and simulated exercises; aircraft
system status; caution and warnlng indications; and presentav1on
of television pictures. A ~athode ray tube may also be employed
for multiple uses in which case it shal¥ at least minimally
satisfy the criteria for -each use.

5.2.4.2 General Requirements — The following general require-

ments are applicable to CRT selection and design regardless of
specific use.

5.2.4,2.1 Screen Luminance —~ The screen luminance shall be with-
in a range which satifies 2ll the following requirements.

a. Operating Range - The luminance used shall be compatible
with the CRT'S operating characteristics and life ex-

pectancy. That is, for example, the CRT shall not be
driven beyond its normal value in order to gain greater
screen luminance since this could result in butning of
the screen or in reduced life.

b. Ambient Illumination - CRT luminance 'shall be compatible
with the ambient illumination -otherwise required in the
work area, -except that sh1e1d1ng, filtering or use of a
hood may allow lower CRT luminance if the technique
employed is compatible with the operator's task,

¢. Operator Visual Capabilities and- Task Requirements =~
‘Luminance of the faintest 1nf*fmat10n displayed’fbr oper-—
ator response shall be well above the operator's thres-
‘hold considering:.-targe. size and presentation rate,

’cluLter, phosphor color, and ambient illumination
conditions.

Thls very much expanded section
introduces needed material in ;
many- areas concerned with CRT

display, including applxuatlons,

- phosphors, use of color, persist-

ence, dynzmic range, flicker and

jitter, spot size and- resolution,

burning of screen, distortion, \
screen shape and size, viewer
protection, 'housekeep’ng contrels,
v dlsplays, sensor displays, and
computer-generated displays,

I
i
|
I
[
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_ RATIONALE/REFERENCES

5.2.4.2.2 Finish: and Luminance of Surrounding Area - Panel
surfaces adjacent to the CRT shall have a dull matte finish which
under ambient operational conditions shall -have a luminance range
between 10% and 100% of the screem background luminance. Some
means of adjusting ‘the surround luminance should be provided if
necessary to ensure operation within this range.

5,2.4.2.3 Daylight Viewing — CRTs which must be viewed under
daylight conditions: such as on the bridge of a ship or in an
aircraft cockpit shall utilize one or more appropriate means
such as the following to bring viewing conditions within an
acceptable range: (1) a deep shield or hood to reduce the amount
of incidenr light; (2) scan conversion for continuous presentation
at high luminance levels; (3) a high-output burn-resistant -phospho
such as the P-1 compatible with the -higher ambient light levels,
(4) a circularly-polarized filter for cancellation of light re-
flected off the face plate, (5) negative image polarity to present
dark ‘traces on_a iight background, (6) a filter/phosphor combina-
tion which will minimize screen flourescence, and (7) a fiber-
optic or mesh type filter which tends to reject incident light and

pass screen—emitted light.

5.2,4.2.4 Reflection and Glare - Reflection and glare off CRT
faceplates and cover plates shall be minimized by one or more
appropriate techniques such as: (1) shielding the CRT or the
light sources {0 prevent direct illumination from striking the
CRT, (2) positioring light sources so they do not reflect off the
CRT face plate -into the operator's eyes, (3) use of .a circularly-
polarized filter for cancellation of light reflected off the CRT
face plate, (4) use of a cross-polarized lighting system (a
polarizing filter ovér the CRT rotated 90° with respect to polar-
izing filters over the light sources), (5) use of a controlled
white 1light system which delivers. light only to the necessary work
areas and baffles it from the CRT, (6)-use of 2 selective spectrun
lighting system wheréin the spectral output of the CRT is substan-
tially outside the spectrum of the ambient illumination,. and (7)
application of an anti-reflective coating on -the CRT face plate -
and non~bonded filter surfaces to reduce the proportion of re-
flected light,

™t

Ref: Skolnik, Radar Handbook, Ch. 6.

Ref: Skolnik, Radar Handbook, Ch. 6.

Also: A, Cakir, Hart, and Stewart,

The VDT Manual, 1979,
pp. B4-92.
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RATIONALE/REFERENCES

5.2.4.2, 5 Phos hors — CRT phosphors shall be selected on the
basis of coIor, persistence,. :esolut1on capability, and durability
as approprzate to the operator's task in utilizing the CRT.
Characteristics of commonly-used phosphors currently available
are presentéed in Table .

5.2.4.2.6 Use of,Color - Colcr is inherently -a .good. coding dimen=
sion, but it e utilize:d only when: (1) any Toss of CRT
resolution resu1t1ng from the use of color is acceptable, (2) coloz
codes are compatible with color stereotypes and: -conventional usage
and (3) all users will be able to perceive the code. (Because
there are some color deficient personnel in the Armed Forces, it
cannot be assumed that any random operator will be able to dif-
ferentiate the color codes reliably. Use of some other code
redundantly along with the color code is the best way to ensure
that the codes will be differentiable by all personnel. Thus,

if friendly and hostile tracks are to be differentiated by color,
they should also be differentiable by some other means such as
shape coding.)

5.2.4.2.7 Pers1stence ~ Transient signals of very short duration
such as those derived from radar and active sonar systems shall

be displayed with sufficient persistence for the operator to
perform whatever operatlons are needed with respect to the signals
Persistence beyond signal duration on the dlsplay may be accom-
plished through use of persistent phosphors, periodic re-painting
(refreshing) of the image from processor memory, or utilization of
scan converters or direct view storage tubes as appropriate to
the applicarion. With rotating sweep indicators, the persistence
should be at least such as to display even faint signals above
threshold for a period equal to one-quarter of a sweep rotation.
Short to medium persistence is adequate for scan rates such as
those used for television.

5.2.4,2.8 Dynamic Range — A dynamic range of at least 7 db
should te provided for detection of targets on a plaun-type (PPI)
indicatof, and 20 db or more is desirable for detection on ar
A-scan presentation or other defiection display. A dynamic range
of at least 7 db should be prov1ded for TV images, and applica-
tions where Elne—g*aln detar! s important, such as high-resolu-
tion reconnaisauce sensors should provide the maximum attainable
with the state of rthe art.

Ref: Skolnik,,kadar Handbook, Ch. 6.

Professional Judgment

Ref: Boeing Co., Design Haadbook
for Imagery Interpretation
Equipment, 1975, Ch. 4.
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Table

CRT Phosphor Applications and Characteristics

CIE
Application Phosphor Coordinates Persistence Flourescence Phosphorescence Decay *Notes
h I.D. X Y Time
(m sec)
Radar P-1 .218 712 Med. Yellow Green Yellow Green 24 =
Sonar, P~2 .279 .5346  Med. Yellow Green Yellow Green 35~100 ”
and p-7 .357 .537 Long Yellow Yellow Green %
Oscilloscope P-10 Very Long Dark Trace Screen
p-12 .605 .394  Med. Short Orange Orange
pP-14 .504 L4463 Med. Yellow Orange Orange
.150 .093  Med. Short tue ) Orange
p-i7 .302 .390 Long Blue Yellow
P-19 .572 .422  Long Orange Orange =
p-21 .339 .373 Med. Red Orange Red- Orange
P-25 .557 .430 Med. Orange Qrange =
P-26 .582 .416 Very Long Orange -Orange K
p-28 .370 .540 Long Yellow Greern  Yellow Green 560
p-29 (P~2 + P-25) Med. Green Green
P-31 .193 .420  Med. Short Green Green 4
p-32 Long Purple Blue Yellow Green
P-33 .559  .440  Very Long Orange Orange
P-34 .235 .384 Very long Blue Green Yellow Green 40 s=xc
pP-35 .286 .420 Med. Short Green Blue
p-38 .561 .437  Very Long Orange Orange 1040
P-39 .223 .698 Long Yellow Green  Yellow Green- 150 £
_ P-40 .276  .3117  Med. White/Blue _ __ Yellow Green
Monochrome TV P-4 .270 .300 Med. Short Whice White 25 *
p-23 .375 .390 } . )
Color TV p-22 .155  .060 Med. Blue Blus 25
.285 600  Med. Yeilow Green  Yellow Gréen 69
.675 325  Med. Orange Red Orange Red 0.9
57

- —




T @ fphqr Apglicatiqnsiaqd}CharacceristiCS (con't.)

ClE
Application  Phosphor Coordinates Persistence Flourescence -Phosphorescence Decay *Notes
L.D. X Y: Time
(m- s2c)

Projection TV P-i8 .333 L3437 Med.
Storage Tubes P=20 464 .536 Med. Short Yellow Green Yeilow Green
Persistence: i T T T o
VL. = Very long, l=second &r over
L = LongJ 100 msec=1.0 sec
M = Medium, ! msec to 100 msec
M/8 = Medium short, 104 sec to !.0 msec
s = Short, 1.4 sec to 10,4 sec
Vs = Very short, less than 1% sec
*lotes
P-1 - iigh efficlency; resolution and resistance to bura.
P-2 =~ Ducrease in decay with inccease in bedm current.
P~& - Sylfide version,
P=7 - High efficlency and resistance to bura:, .
P-19 ~ Slow refresh rate for flickerless d'snga;; low light output; low burn resistcance.
P-25 - uesxren low~level percxscence, high resistance to bufa; low ight output.
P=26 - Slow refresh rate for :fllckerless displav; low l.gnt output znd burn resistance.
P-31 - Curve has blue peak zt 450 nancme ets, bxgn efficiency, resolution and resistance te burn.
P-33 =~ Decay decrzases with heam current .Jecreases; burns rapidly when used with stationary

. or slow-moving beam. ’ o
P-34 = IR stimulatable; Y=phosphor.
P~-35 ~ Resists burning comva'ed to-P-11.
P-3¢2 - Similar to P-1 but with longer decay. .
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5.2.4.2.9 Jitter ~ Erratic movement of sweep traces on CRT dis-
plays shall be diminished to the point where it is not detectable
by the operator.

5.2.4.2.10 Flicker - The refresh (re-paint) rate of signals or
data displayed on a CRT shall not be between the rates of 7 Hz
and 28 Yz except in applications requiring sensor scanning at thesg
rates and as noted in paragraph 5.2.4.5.1.3. Rates between 1 and
7 Hz shall be utilized only when it is desired to capitalize on the
conspicuity value of such rates, such-as for warning signals or in
the rare circumstances when flash rate coding might be utilized.
Refresh rates for data which are to be perceived as continuously
presented shall be adjusted upward from 28 Hz as necessary to
reduce flicker to a non-detectable level over entire range of
display luminance.

5.2.4.2.11 Spot Size and Resolution - The spot size (diameter to
10% luminance) on a CRT shall be compatible with ‘the signzal
characcerxstlcs and type of scan to be utilized. For radar the
spot size preferably shculd be smaller than the minimum size of

a returned pulse as presented on the slowest sweep (longest range
scale) in order to aveid loss of resolving power inherent in the
radar system. For most CRT display applications spot diameter

at all parts of the screen should subtend no more than 1 miaute
of arc from .the normal viewing position. Alphanumeric characters
should be scaled to subtend at least 15 minutes of ar¢; ofher
complex shapes should subtend at least 20 minutes of arc.

5.2.4.2. 12 Hand Capacitance Effects - For applxcatlons vhere the
operator s hand normally comes close to the screen, such as in
plotring on the faceplate or in using a light pencil for data
pickoff, aluminized backing of the screen shall be utilized, so
as to minimize the effect of hand capacitance which tends to add
uncontrolled deflection to the CRT bean.

-

5.2.4.2.13 Burning of Screen — The digplay design shall minimize
the likelihcod of burning of long per515tenue phosphor screens
such as the P19, P25 and P33, since it cannot be assumed that
burn-damaged CRTs will always be properly replaced: under opera-
tional conditions, and the presence of burned areas seriously
degrades display legibility. (Aaci-burn techniques include use
gf aluminized backlngs and protective circuits for automatic
intensity reduction whenever the beam remains stationary.-

Professional judgment based on data
from many sources incliuding:

(1) Cakir, Hart, & Stewart, The VDT
Manual T

(2) Boeing Co., Design Handbook for
Imaoerzglntegpretac10n E'hznnenu,
Ch. &.

(3) S.S. Stevens, Handbook of
Experimental Psychology.

Ref: Van Cott, Human Engineering
Guide to Equipment Design,
1572, p. 38

NAV- SHIPS Display Illumination
ﬁesrgn Guige ENEEC D 223),
5 “J.

Ref: Skolnik, Radar Handbook, 6-9.

Ref: Skolnik, Radar Handbook, 6-9/
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5.2.4.2.14 Distortion - Sweep non-linearity with raster on PFl~
type scans shall be less than 2%. CRTs d1splay1ng only alpha-
numeric or graphics data shall shew no- obvious distortior in any
column or row of characters, and the charaéter aspect ratio shall
appear to be constant at all parts of the screen.

5.2.4.2.15 Screen Shape - CRT display surfaces used exclusively
for data presentation or computer graphics shall be rectangular

in shape. CRT displays used exclusively for TV image presentation

shall also be rectangular and should normally follcw the standard
practice of having a 3:4 aspect ratio (height to width). Those
CRTs used exclusively for polar plots of sensor data shall be
round. The preferred display surface shape for A-scan presenta-~
tions is rectangular. CRTs used simultaneously or sequentially
for two or more different display functions may have round, square
or rectangular display surfaces as best fit the combined purposes.

5.2.4,2.16 Usefel Screen Diameter - The diameter of direct-viewing
console-mounted CRLs should rormally te within the following limitg
(Smaller CRTs than those listed for detectlon, detection and

tracking, and situstion display may be used where there are severe

space constraints such as in aircraft or submarines or hand-held
units.)

a. For detection of signals from sensor systems: 21.5 cm
(8.5 in.) * 3% cm (1.5 in.).

b. For bogh detection and tracking: 30 cm (12 in.) +5cm
(2 in

c. Tactical or situation displays: at least 38 cm (15 in.);
maximum 76 cm (30 in.).

d. Alphanumeric displays: size these by considering the

largest format which will be required and the racommendedy

character size. (See 5.5.5.)
e. TV: minimum 12 cm {5"; maximum 60 cm (24 in.).
f. Single character display: 1.9 em (0.75 in.) minimum.

g. Disglay of single pulse or short sweep segment for
qualitative monitoring on’y: 1.9 ém (0.75 in.) minimum,

'Ref: NAVSHIPS Display Lllumination
5e51gn Guide EHEEC ID 2235,
- :p'

-7.

Professional Judgment; also

MIL-HDBK-759, p. 190.

Professional Judgment, based on
.cperational experience and references
sach as MIL-HDBK-759, p. 190.
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$.2.4.2,17 Viewer Protection — A transparent safety screen which
may be integral with the CRT faceplate shall be provided to pre-
vent implosion injury. Protection as needed shall also:- be pro-
vided against low-intensity X-radiation as prescribed by current
regulations of the Bureau of Radiological Health of the Food and
Drug Administration.

5.2.4.2.18 "Houseékeeping" Controls — The number of "housekeeping”
controls (e.g., focus, intensity, and centering) to be used by
the operatur for adjustment of the CRT shall be kept to a minimum.
Such controls which are to be used by the operator (as opposed to
a maintenance technician) shall be finger-operated and available

from the front panel but recessed and preferably covered when not
in use.

5.2.4.2.19 Display Composition Features - Convenient controls
shall be provided for structuring the display format and conteat
in accordance with user requiremencs. Display capabilicy shall
be provided to present both the current settings of all controls

relating to display composition, and the total range of settings
available.

5.2.4.2.20 Viewin§ Angle - CRT screens should be perpendicular
te the operater's Line of sight (i.e., have a 90° viewing angle
at screen center) whenever feasible and no part of any screen
including secondary CRTs shall offer a viewing angle of less than
45° from the operator's normal position.

5.2.4.3 Special Requirements for TV Displays

5.2.4.3.1 Resolution ~ Resolution shall be 400 lines or greater
both horizontally and vertically exéept that for low-résolution
applications, line spacing need not be closer than needed to sub-
tend 1 minute of arc from the normal viewing position.

5.2.4.3.2 Frame Rate and Interlacing - Except for slow-scan
systems for reproduction of static images, the frame rate for
sampling of video material shall be a minimum of 30 per second.
There shall be two display scans (fields) per frame period (or a
minimum of 60 per second) with the lines of the second scan in
the frame period interlaced with the lines of the first scan.

Ref: Cakir, Hart & Stewart, The

VDT Manual, 1979, p. 237

Ref: Boeing Co., Design Handbocok

for Imagery Interpretaticn
Equipment, 1975, 85. Z.

Standard practice provides
satisfactory results.
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5.2.4.3.3 Phosphors — The phosphors for TV screens shall have
short or medium persistence and high output (e.g., the P-4 or P-23
for black and white monitors, and the P-22 or P-27 for color
monitors). -

5.2.4.3.4 Distcrtion - Spo: diameter shall not vary by more than
a ratio of T.5 to 1.0 at any two points on the screen. Distortion
shail nct be sufficient to cause obvious non-linearity anyvhere

on the screen when viewing alphanumeric formats or picture images. !

5.2.4.3.5 Oray Scale - There shall be a minimum of at least 5
distinguistable gray scale levels. When the requiremeats include
interpretativn of handurltzng, resolytion of fine detail, or com-

plex image interpretation, up to 8 gray scale levels should be
provided.

5.2.4.4 Special Reguiremeats for Se 1sor Displays

5.2.4.4.1 Tvpes of Scans - The type of scan selected shall Gte
appropriate to the operator's task in utxllzlng the sensor data.
Commonly—used scan types shall be selected in preference to novel

or eXﬂer1nen:al scan tvpes except as spproved bv the procuring
activity.

5.2.%4.4.2 D*splay Scale szes and Raqge Ring Values - Displayv
scale shall be selected on the basis of the Inllowing criteria.

a. If range rings are to be used the display scales selected
should be compatible with use -of a constant number of
range rings regardless vf scale, as follows:

3 Range Rings 4 Range Rings 5 Ranzc Riags
Any decimal ) -Any decimal Any decimal

multiples of: multiples of: muitiples of:
15 unit scale 4 unit scale . 5 unit scale
30 unit scale 8 unit scale 10 unit scale
60 unit sczle 20 urit scale 25 unit scile

Display systems capable of presenting alphaaumerics should present
range ring values on the CRT.

i

Professional judgment

Ref: Boeing Co., Design Handbook for

Image ™ ln:e;precat;on auxpmcn_,
1975;-Ch. &4,

Professional judgment, based on the
Van Cott HE Guide and other sources.
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be as Eollows-

(1) Mininun: - one mile (not more

: interpolation).

c. Area and scaling limits suggested

the dzsp’av u&vch would no: be centered on
The priferred way to offsetting is through

b. Appropriate scale limits considering sensor character-—
istics such ss mxnlwun range, range resolution, bearing
resolution, and maximum range of detection. (Also see
5.2.4.4.4.3 For exauple, the display scales for use
with a shipboard surface search radar having 3 mininum
range of 206 years and a maxioum range of 36 miles might

minimum range v:lue, to zapitalize on range deter-
inatior 2t close-in ranges as in station keeping).

(2) Maximum - 40 miles (accommodates maximum range of
the radss and is 3 good scale for estimation and

operatinonal situations includiagz warfarz operations,
search pactexq,, maneuvers, fligh: cnkratxons etc.

For QY«@OIE an axruraft carrier which may navp 2 number
of missions involving close-in aircraftr operztions at

marker on the des ved new display center by means of a two—

coordinate controller ana activation by neans of an entry switch.

If the acount of offset is sufficient to display the o:xgznal

c*sglav center off the scopz, t&en scme siaple means of recap-
ring the original ceater shall be provided.

than 10 times the

D_‘{ representa tive

W ——— XA S ——

Yangas f:sm 30 ro 20 niles should have a3 20 mile dis play
scale for menitoring 2ad control eof aircraft or such
{ missicas.
5.2.4.4.3 Offser - Provision for offsecring dxsplav center should
5= made 15 1t is evﬂérreﬂ chat s pera:ors na r;.d it zdvan itagacus

Lhe _sensory iocatian.
position 1ng of a CRT

W A S - b W Wt 3

Professional judgment.
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5.2.4.4.4 Resolution, Signal Size, and Viewing-Distance - In
general, the display should present sensor signals with sufficient
display resolution to match the resolution of the system (e.g.,

a precision radar needs a high resolution display but a mosaic of
infrared detettors can suffice with a much lower display resolu-
tion). The signal size should be sufficient to provide a sub-
tended visual angle for the target of at least 12 minutes of arc
for the normal position of the viewer., When the target is of
complex shape and recogniticn is required, it should subtend no
less than 20 minutes of visual angle and at least 10 lines -or
resolution elements (25 minutes in presence of heavy noise or
clutter).

5.2.4.4.5 Reference and Boundary Marks - Provision may be made
for range rings, grid marks, azimuth markings, map outlines,
operational boundaries, velocity vectors, etc., as appropriate
for the intended operational situation. When such aids are pro-
vided they shzll be selected as needed, parallax-free, and con-
trollable in intensity. There should be no more than 5 range
rings on a PPIL.

5.2.4.4.6. Operator Loading = In planning the number of detection
and tracking displays which mzy be needed in a system, the follow-
ing criteria should be considered.

a. Detection performance decreases as the amount of target

activity increases, Detection displays- should not require

monitoring of more than four concurrent and independent
detection situations by an unaided operator.

b. In a computer—based system relying upon operator updating
of target positions, individual displays should aot re-
quire tracking of more than six independent air targets
or more than 15 independent surface targets. Systems
which will be employed in situations where there may be
groups of targets moving with common velocities should
‘be capabie of presenting computer-aided tracking -aids
such as raid-forming gates which treat the entire group
as a single target for tracking purposes. i

Ref: NAVSHIPS Display Tllumination
Design Guide (NEEC D 2Z23)

, sect, LIT.

Professional judgment, based on
operational experience with displa
systems. )

y
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c. Systems performing automatic detection and tracking shall
provide sufficient display capability to accommodate an
appropriate level of operator monitoring for manual back-
up in case of computer failure. (See also paragraph
5.2.4.5.11.3.)

5.2.4.4.7 Automatic Sequencing - Computer-aided display systems
may provide priority-ordered automatic sequencing to facilitate
manual track pesition updating or other recurrent manual opera-
tions. With automatic sequencing, each time a position update
is entered by the operator, a marker on the display steps to the
position of the next track needing updating.

5.2 4.4.8 Dats Readout - Computer—aided display systems shall
provide convenient operator-oriented facilities for readout of
selected information on demand. In tactical data systems this
may involve use of a two-coordinate controller to designate
specific tracks on the CRT for readout, and an auxiliary dispiay
presenting formatted information held by the computer concerning
the designated track.

4.9 Handover - Computer-aided display systems shall pro-
convenlent means for transferring responsibilities between
ators (e.g., handover of targets on the basis of sector

it or operator overload).

5.2.4.4.10 Pisplay Cates - Computer-aided systems may provide
display gates controlTable in size and position by the operator
to designate areas within which signal return is blanked out
(censored) or identified as calling for special processing.

5.2.4.5 Special Requirements for Computer—Generated Displavs

5.2.4.5.1 Display of Processed Sensor Data

5.2.4.5.1.1 Quantized Data - Systems which process and quantize 9

sensor data before presenting it co an operator for detection
should prowvide: :
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1
a. A minimum signal size on the displéy of 12 minutes of 1 Ref: NAVSHIPS Digglé Illumination \
visual angle for the viewer's mnormal position. ) Design Culdé?(ﬂéfc TD 223)

ec. LII.
b. Display coding to maximize the opportunity to discrimin- ¢
ate signals from noise.
c¢. Operator control to electronically mark points to be
monitored; correlated, entered, or dropped.

5.2.4.5.1.2 Time-Integrated Data - Systems. which accumulate
processed data and present all or part of that history in inte-
grated fashion on current scans should provide:

a. Controls for adjusting the amount of data history to be
displayed.

b. Means to differentiate the most recent data from the
older data.

¢. Operator control to electronically mark points to be
entered or dropped.

5.2.4,5.1,3 Time-Compressed Data - Systems which accumulate " Professional judgment.
processed data and present all or part of that history in ac-
celerated sequential playback should provide controls for:

a. Adjusting the amount of data history to be displayed.
(For most applications the minimum number of scans
to be displayed in a sequence should be six or more.)

b. Adjusting playback rate between the limits of 12 and 30
frames per second,

- - e

c. Electronically marking points to be entered or dropped.

5.2.4.5.2 —Alphénumetic Characters

5.2,4.5.2,1 Character Generation - Provided- they meet the legi- Ref: Cakir, Hart, & Stewart, The

bility requirements specilied in 5.2.4.5.2.2 characters may be : VDT Manual, 1979, pp. 13=T34.
generated by any of ‘the commonly used techniques including the T )
following.

(=,
o
y
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a.

bs

a.

Stroke generation, in which the character is drawn by
deflecting the CRT beam through a series of connected
line segments,

‘Lissajous generation, in.which the beam is deflected
through a sequence of segments of lissajous figures,

Facsimile generation, in which character shapes are stored

in analog form as a mask within the CRT and are used to
shape the electron beam.

Dot matrix generation in which an electronically stored
dot matrix memory is used to intensity-modulate the beam
as it scans the character space.

5.2.4.5.2.2 Legibility Requirements - CRT-presented characters
shall be designed so as to avoid "look-alike" pairs which might
be confused with one another (e.g:; B and 8, 5 and 8§, 0 and D.)
Characters should generally conform to the legibility require-
ments spécified in paragraph 5.2.6.2.3.2 except as follows:

Stroke width on CRTs for single-operator use may be
determined by the normal width of a stroke on the CRT
rather than by a fixed ratio of stroke width to height.

Minimum chafacter height on raster scans shall be
7 raster lines,

5.2.4.5.3 Symbols and Symbol Modifiers —- Symbols and their
modifiers which are presented on CRIs shall meet the following
requirements, ’

(Also see paragraph 5.5.)

Except for dots, small circles, and keyboard-generated
symbols such. as the dash, quotation marks, commas, etc.,
minimum height of symbols shall at least equal the mini-~
mum height for characters as specified in paragraph
5.5.5.6. Minimum symbol -height on raster scans shall be
at least 7 raster lines.

Ref:

MIL-HDBK-759, p. 195.

Ref: Van Cott, Human Engineering
‘Guide to Equipment Design,

1977, p. 100.

Ref: NAVSHIPS Display Lllumination y
Design Guide, 1973, IV-3. ‘

- — VT T P — e e ——— - e~
) . - = == ’fﬁ%—?ij‘— - =S —
I - - 5 -y : _-‘_ oL
- t b = . g—g—-
"-; — » _ - L S _ - - —_— - — - .
- _w;—
. -
H 5%
l - . . _
l 1€ K ,! _ = — J— — —




MFI RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

b. Color coding of symbols shall be used only redundantly

with some other coding technlque.

coding is utilized to differentiate between hostile and

friendly tracks, color coding may also be used: to enhance

the difference, but color coding shall not be used as
the sole means of differentiation.)

<. Selection of a symbol set and modifiers shall be based
on the following criteria.

(1

(2)

)

Symbols and ‘modifiers should reflect the inter-
relationships among the data in the set to be
represented. Thus if a target is represented by
a circle, an engaged target should be presented
as a medified circle (e.g., a circle with a bar
across it) rather than as a completely different
¢ymbol (e.g., a triangle).

Clear differentiation shall be maintained between
basic symbol types, between modified symbol types,
and between modified and unmodified symbols.

No more than 5 variatiovas (3 preferred) in a single

dimension (e.g., hue for color -odlng) shall be
utilized in any set of symbols which must be dis-
criminated from one another on an absolute basis
(without side by side comparison).

(For example, if shape

Professional judgmeat.

Absolute discrimination between
about 7 values on a single dimension
is often cited in the literature.
Since performance is likely to be

‘more error—-prone under stress than
. under laboratory condltxons, a
~ more conservatlve tlgure of not

more than 5 discriminations in a

- single dimension would appear to

be warranted.

1
=l
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5.2.4.5.4 Refresh Rates - Except for time-compressed -data and
warning or alerting signals, all data -on CRTs shall be displayed
at refresh rates of at least 28 per second or greater as needed
to prevent noticeable flicker.

5.2.4.5.5 Display-Compoisiton Features — Convenient controls
shall be provided to allow the operator to select the categories
of information which are needed for independent display and to
determine how the selected information- shall be displayed (e.g.,

normal symbology,
type of selective
operator for task
nate action basis

dots only, intensified, blinking, etc., if this
control over presentation mode 1s needed by the
performance). Controls should be on an alter-
so that one switch action adds the category

,r‘
© =
*

and the alternate
controls, one to add, and the other to temove.) Positive indica-
tion shall be provided at all times for the state of the -display~
composition switches (i.e., the operator needs to be able to
conveniently read out at any point in time precisely how the dis-
play has been structured).

5.2.4.5.6_ Operator/Computer Interaction - The opportunity for
constructive use of operator/computer interaction shaXl be con-
sidered for the following as applicable:

a. Generation of trial solutions to tactical problems.
b. Generation of free-drawn graphics.

c¢. Solution of relative motion prchtlems.

d. Construction of formatted messages.

e. Editing of messages.

5.2.4.,5.7 Data Readout - Computer—generated -display systems
shall provide convenient -operator-oriented means for readout
of selected irformation on demand. In tactical data systems this
may involve use of a two-coordinate controller to designate
specific tracks for readout, a keyboard: for entry of instructions
to the computer, sophisticated computer algorithms for processing
of information per operator request, and displays for presenting
formatted information in response to track oriented -or other

action removes it (as opposed to two independent |

Prcfessional judgment, based on
data from many sources including
NAVSHIPS Display Illumination
Design Guide, 1973, p. LV-l4.

inrormation requests, 69
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5.2.4.5.8 Handover - Computer-gencrated display systems shall
provide convenient means for transferring responsibilities be-
tween operators (e.g., compiete handover of responsibility as in
shutting down a console, or handover of individual targets on

the basis of sector transit, engagement status, or operator over-
load).

5.2.6.5.9 Inter-Display Pointing - Incorporation -of inter-
display pointing shall be considered so as to allow cach operator
to position a display marker and drive one or move slaved markers
on other displays as selected, so as to facilitate compunication
regarding arcas of interest.

5.2.4.5.10 Composition and Editing of Mossages - When the com-—
puter is uscd to assist the operator 1n composing and/or editing
GRT-displayved aessages tihe following features should be provided.

2. A cursoy on the display (e.g., a line beneath 2 charac-
ter) to identify where the operztor 1is in the sequence.

Controls as necded to sllow rapid positioniag of
cursor.

the

¢. Selection capability for standsrd message {ormats.

¢. Automatic composition of those parts--of standard

5.

”
“

b

.5.

formats for which the computer has the data.

11

Automation of Functions

5.2.4.5.11.1

Criteria for Automation = Automated systems sheuld

be used to:

a.

Prevent operator saturation as in the detection and
tracking of large numbers of targets in a surveillance

RATI1ONALE/REFERENCES

'Professional-judgmenc.

system.
’ _ - [l
b. Detect events (e.g., targets or signals) when the
frequency of occurrence is very low and the unaided
operator cannor maintain the required vigilauce over the-
long period- of time between ecvents.
) ) 70
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c. Replace manual functions wherever the capabilities of

the automated system are clearly superior to those cf a
purely manual system.

5.2.4.5.11.2 Data Filtering for Monitorinz Automated Functions -
Displays used exclusively for monitoring automated fﬁnctlons
should operate on a discrepancy or management by exceptlon

basis whereln only those data which deviate from expectation
according to system mode and operational conditions are displayed.

(This includes data on processor function as well as operational
data.)

5.2.4.5.11.3 Data Presentation for Manual Backup - In systenms
where manual backup may be required  in case of computer failure,
the backup dispiay shall not operate strictly on a discrepancy
basisz but rather shall present sufficient data to keep the op~
evator advised of the current state of processing and to provide

all the baseline data which would be needed to initiate manual
eperation at any point in time.

5.2.4.5,
systenms

il.4 Timelv Data Processing and stolav - Automated
chall be designed so as to:

a. Respond tc operator information requests and control in-
puts in u timely manner. i

Impose minimal burden on the operator for routine aspects
of data management.

c¢. Present routifie information to the operitor.onm a time-
phased basis related to the task sequence but present

urgert informatica on a interrupt basis using alerting
technlques.

Professional judgment.

71
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$.2.4.9 _Electronically or Optically Generated Disglav’s -'[Samc as

originalj]
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5.2.5 Llarge-Scale Displays

5.2.5.1

Desian - The design of large-scale dispiays intended for group

observation shail conform with the basic visual criteria in other pera-
graphs of this scandard, and the additicnal requirements below. Also,

see 5.2.6.6.

5.2.5.2 Leqibiiity

- The height-to-width ratio, stroxe width, size, end

spacing of display symbols shall be such that 2il characters will be
legibla at the maximum viewing angle and distance (minimum of 15' arc).

The kev issue of when and how to
use large screen Jdisplays i o

present in modeorn systens, and the
gresent material szys nctning about
when and how rto use such displavs.

The legibility stavement leaves oo
much to the judgsenr ¢f che de-
signer, L.e., assumes he wiil

ook at all of the other sections
dealiag with legibilicy
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5.2.5 Large-Screen Displays The applications statements are
: ones typically found :in analyses
5.2.5.1 Application ~ Large-screen displays may be used when: leading to decisioas on whether to
use large screen displays vs indi-
a. A group of operators frequently refer to the same infor- | vidual operator displays and com—
mation and are required to interact as a team, based on munication links.

tlie sane information. .
The acdvice when not to use such dis-

b. One or more memiers of a team of operators have to move plays is based on some of the
about, yet require frequenc referral to information re- typical exampies of pocr use of
quired to make decisions, but vhxch they cannot carry large screen displays=-the pur-
with them, ov dc not have displayed at the sgecific pose of which is .o preclude some
position at which they happen to be. one trying to use such-a display

i when the physical cunstraints make

c. There are space or other constraints that preclude the the resulting work conditions
use of individual displays for each team member to c¢all extrezely awkward or difficule, i.e.,
up commonly-used information. difficulties outweigh any slight

advantage the large dispiay could
d. It may be desirable f:0 have generai 1nform¢t*on available have provided, given proper spatial
to persons who should net interrupt on-501ng group op- environment.
erations by lcoking over the shoulder of individual
{ operators to see their individual displays.

Large-screen displays shoula not be used when the spatial and
environmental conditions dc not aliow satisfactory observational
geometry to insure that al: critical operators have appropriate
visual access in terms of viewing distance, angle and lack of
interference from intervening objecrs-ox personnel and/or ambient
lighting.

5.2.5.2 Angle of View - ill critical display observers shall be Althoughk screen/seating criteria
able to view the display as perpendicularly as possible, and 1in are provided for projection systems
no case at an angle of less than 40° from the plane of the screen.{ it is not always the same for non-
projected systems that are not

5.2.5.3 Viewing Distarce - The display shall not be placed audience-oriented.
Eurther from an observar than will prowxde appropriate resolution

- of critical detail presented on the display (see legibility re-
quirements 5.5). Anc the dlsplay shall not be closer to any
cbserver than 1/2 the display width or height, whichever is
greater,
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5.2.5.4 Physical Interruption of View — La:{e—screen displays
shall not " be located with respect to critical observers so that
view of the display is obscured regularly by persons moving about
(i.e., normal traffic patterns).

5.2.5.5 Control of Displayed Information — Large—screer group
display systems shall be designed so that critical information
cannot be modified or deleted inadvertently or arbitrarily, i.e.:

a. Changes i the group display shall be controllable by
designhated operators who operate according to pre-—
established procedures amd/or uporn command of a p2rson
in charge.

b. Separate displays should be provided for operators who
must make changes in display formst or content which
wculd be disruptive to other operators.

c. Display compositicu features as specified im 5.2.%.2.1.9
shall be provided as appropr:iate for monitoring and
control of display format and content.

Professionazl judgment.
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5.2.6 Other pisg]axs
5.2.6.1 General

5.2.6.1.1 Types - Where applicable, direct-reading counters, printers,
flags, i

plotters, optical projection displays and light emitting diodes
(LECs) should be considersd.

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 I1I.

5.2.6.2 Counters

5.2.6.2.1 Application - Counters should be used for presenting quanti-
tative data when a continuous trend indication is not required and
when a8 quick, precise indication is required.

5.2.6.2.2 Mountirng - Counters shall be mounted as close as possible to
the panel surface so as to minimize parallax and shadows anc¢ maximize
the viewing angle.

5.2.6.2.3 Numeral Proportions - The height-to-width ratio of numerals
shall be 1:1 with the exception of the number "1, which shall be one
stroke width. .

5.2.6.2.4 Spacing Between Numerals - The horizontal separation between
numerals shall be between one-quarter and one-half the numeral width.
{Commas shal) not be used.)

5.2.6.2.5 ﬂovement -

a. Snap Action - Numbers shall change by snap action in preférence
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.

¢. Direction - The rotation of the counter reset knob shall be
clockwise To Increase “he counter indication or to reset the counter.

Too brief to cover the topic.
Needs some reorganization in

order to.accept new requirements.

There are mcye than drum-type
counters.,

!
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d. Automatic Reset - Counters -used to indicate the sequencing of
equipment shall be designed to be reset automatically upon completion
of the sequence. Provision shaill also be made for manual resetting.

5.2.6.2.6 1llumination - Counters shall be self-illuminated when used
in areas in which ambient illumination will provide display luminance
below ) ft-L (3.4 cd/m?).

5.2.6.2.7 Finish - The surface of the counter drums and surrounding
areas shall have a dull finish so as to minimize glare.

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

5.2.6.3 Printers -

5.2.6.3.1 Application - Printers should be used when a visual record
of data is necessary or desiratle.

5.2.6.3.2 form of Information - Printed information shall be presented
in a directly usable form with mipimal requirements for decoding, trans-
posing, and interpolating.

5.2.6.3.3 Insertion and Removal of Materials - Printers shall be

designed to provide tor quick and easy insertion and removal of printing
materials.

5.2.6.3.4 Take-up Provision - A take-up device for printed material
shall be provided.

5.2.6.3.5 Supplier - A positive indication of the remaining supply of
printing materials (e.g., paper, ink, and ribbon) shail be provided.

5.2.6.3.6 Annotation - Where appliccble printors should be mounted so
that the tape may be easily annotated while still in the recorder.

5.2.6.3.7 Printed Tapes - The information on the tapes shall b2 printed
in such a manner that it can be read directly when it is received from
the machine without requiring the cutting and pasting of sections of
tape.
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5.2.6.3.8 Visibility - The printed matter shall not be in any way
hidden, masked or obscured so that direct reading cannot be easily
and accurately accomplished.

5.2.6.3.9 1lumination - The printer shall be designed with internal
illumination if the printed matter is not -ompletely and easily

readable in the operational ambient illumination planned for the
printer.

5.2.6.3.10 Contrast - A minimum of 50% luminance contrast shall be

proviced between :he printed material and the background on which it
is printed.

5.2.6.4 Plotters -

5.2.6.4.1 Use - Plotters should be used when a visual record of con-
tinuous graphic date is necessary or desirable.

5.2.6.4.2 Visibility - Plotting points shall be readily visible and
shall not be obstructed by the pen assembly or arm.

5.2.6.4.3 Contrast - A minimum of 50% contrast shall be provided
between the plotted function ard the background on which it is drawn.

5.2.6.4.4 Take-up Device - A take-up device for extruded plotting
materials shall be provided when necessary or desirable.

5.2.6.4.5 Job Aids - Aids (e.g., graphic overlays) shall be provided
when an operator is required to interpret graphic data, but such aids
shall not obscure or distort the data.

5.2.6.4.6 Annotation - Where applicable plotters should be mounted so

that the plotted information may be annotated while still in the plotter.

5.2.6.5 "Flags -

5.2.6.5.1 Application - Flags should be used to display qualitative,
non-emergency conditions.

.
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5.2.5.5.2 Mounting - Flags shall be mounted as close to the surface
of the panel as possible without restricting their movement or obscuring
necessary information. '

5.2.6.5.3 Spap Action -~ Flags shall operate by snap action.

5.2.6.5.4 Contrast - A minimum of 50 percent contrast shall be pi-ovided
between flags and their backgrounds under all expected lichting condi-
tions.

5.2.6.5.5 Maifunction Indication - When flags are used to indicate the
malfunction of a visual display, the malfunction position of the flag
shall at least partially obscure the operator’s view of the malfunction-
ing display and shall be readily apparent to the operator under alil
expected levels of iliumination.

5.2.6.5.6 Test Provision - A convenient means shall be provided for
testing the operation of flags.

5.2.6.6 Gpticel Projection Displays -

5.2.6.6.1 Application - Providing ambient light can be properly control-
led, apticai projection displays are suitable for applications regquiring
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.

5.2.6.6.2 Seating Arez - Optical projection displays for group viewing
shall be designed such that viewing distance/image width reldtionship
and off-centerline 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 10°.

5.2.6.6.3 1Imege Luminance and Light Distribution - Image ‘luminance and
Jight distribution should conform tu the preferred linits and shall not
exceed the acceptable limits of Table IV.

5.2.6.6.4 Leqibility of Projected Data -

|
|
|
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TABLE IV. GROUP VIEWING OF OPTICAL PROJECTION DISPLAYS ;w y
! , , | i
;- . PREFERRED | ACCEPTABLE H
4 FACTOR OPTIMUM LIMITS LimiTs ¢ e i
i v 1
N Ratio of ~enving distance a 3-6 2-8 -
' screen diagonal w . .
‘ Aangle off centecline 0° 20° 30°
“ *Image luminance {no fitm in .
‘ . aperating projector) 10 fu.L 8--14 ft-L §=20 ft-L , .
‘- (3awim?d) | (27.48 cd/m?) | (17:69 od/m?) _,” ,
| | ' | l |
R T Luminance variation across screen , !
v A {ratio of maximum to minimum ' A
. o ' luminance) 1 1.5 30 V
o,,,,_ , . ’ Luminance variation as a function m
. . of viewing location {ratio of maximum r !
' ) ! to minimum luminance) 1 2.0 40 "
; ambient tight “,
! Ratio of 0 0.002-0.01 0.1 max** -
I brightest part of image _,ﬂ w
L X A ,_ ' :
: ﬁ.@ [ | *For still projections. higher values may be used i ,
i _, 1 _ **For presentations not involving gray scale or color {e.g., line drawings, tables) 0.2 may be used, y
[ " , : A .
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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; however, stroke width may be narrower
for light markings on a dark background. Letter and numeral widths,
character spacing and word spacing shall conform to 5.5.5.4, 5.5.5.5,
5.5.5.9, and 5.5.5.10, respectively.

5.2.6.6.4.2 Size - The height of Jetters and numerals shall not be
less than 15 minutes of visual angle as measu~ed from the longest anti-
cipateg viewing distance. ’

5.2.6.6.4.3 Contrast - Characters may be either dark on light back-
ground or vice-versa, except where superposition is used. Colored
merkings against colored backgrounds of comparatie brightness shall
be avoided.

5.2.6.6.4.4 Alignment - Misregistration of superimposed alphanumeric
data or other symbols shall bé minimized.

£.2.6.7 Light Emitting Diodes (LED's) -

5.2.6.7.1 General - In general, the standard for LED's wiil be the
same as the requirements for Transilluminated Displays, paragraph 5.2.2
of this standard, unless specified below.

5.2.6.7.2 Application -~ LED's may be used for transilluminated displays,
including legend and simple indicator lights, and for matrix (alpha-
numeric) displays. Red LED's may be used in transilluminated displays

in crew stations exposed to ambient illumination of direct sunlight,

but LED’'s used in alpha-numeric displays and green and yellow LED's may
not be used without approval of the procuring activity.

5.2.6.7.3 Intensity Control - The dimming of LED's. should be compatible
with the dimning of incandescent lamps.
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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, they
should not be located in the proximity of red lights used as jutlined
in 5.2.2.1.18.
5.2.6.7.5 Lamp Testing - LED indicator lights with 100,000 hcurs MTBF
{mean time between failure) shall not require the lamp test capability
specified in 5.2.2.1.14.
<
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5.2.6 Other Displays
5.2.6.1 gpneral

.2.6.1.1 Applications - Where applicable, other display concepts

dev1ces and/or techniques should be considered including the

following:

a. Digit light arrays to monitor "count-down" operations.

b. Drum-type, mechanical counterz ' display discrete

numerical values, but ncn-trend information.

c. Character readout devices (e.g., stacked edge-lit,

back-projected, gas-discharge tube CRT, plasma,

ico,

LED, etc.) that present alternate characters (numef@ls,
le*Cers or numerals and letters) within the same view-

ing envelooe, may be used in conjunction with,
lieu of (a) or (b) above.

or in

d. Mechanical flags inccrporated wi ithin an- instrument to
indicate that the instrumént is in a Go: vs No=Go condi-

tion.

e. Plotters and reccrders to provide visual record of

continuous graphic data.

£. rinters for producing hard copy records from manual

or zomputer inputs.

g. Optical projection systems to present static and/or
dynamic information for large screen, group viewing,
projecticn of guidance information on a vehicle w11d-
screen (e.z., head-up display), and for display of
composxce a;tUatlon information (e.g., PPI display).

5.2.6.1.2 Visibility aund Legibilitv ~ Basic visibility and
legibility requirements tnor other displays described herein

shall also apply to the abeve speri:l displays. Alsu see réquire-

ments on display illumination, pa*agraph 5.2.1.1.

‘RAT IONALE/REFERENCESS

This seemed the best way to 1
introduce the "other displays™
i.e., to not only identify, but
delincate application guidelines
for each.
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5.2.6.2 Special Requirements

5.2.6.2.1 Digit Light Arrays

5.2.6.2.1.1 Arrangement — Digit light arrays used for other than
countdown purposes shall be arranged in normal single line format

with increasing numbers from left to right or from top to bottom.
The sequence for countdown operation shall be reversed: ti.e.,

decreasing numbers from left to right ¢ from top- to bottow {See
figure )

5.2.6.2.1.2 Spacing - Lights shall be spaced as follows:
a. Minimum = One half the diameter of the indicator light.
b. Maximum = Equal to the diameter of the -indicator light,

5.2.6.2.1. Color and Contrast .~ Black number -on a white back-
ground shall be” nsed (uuless specific approval for a reversed
contrast or colery is given by the procuring agency). Adjacent
panel surface sh 11 appear darker than the lighted indicator

{e.g., a minimum contrast of 50 percent), and the surface shall
have a dull or matte finish.

5.2.6.2.2 Drum~-Tvpe, Mechanical Counters - Mechanical, drum-
r,pe counters shall conform to criteria in Figure _

.

5.2.6.2.3 Chafactef—ceneiatigg Devices

5.2.6.2.3.1 Application - In making a selection from among the
several types of readout devices, c01s1derat1on shall be given

to the limitations of each device in terms of availdkle brightness
colors, -and reading speed and accuracy - (i.e., thé character
1e21b111tv of some indicators is better than otﬁérsn The follow-
wnp shovld be used as a guide:

a. Devices that produce contlnuous-lxne characters provide
the 0pportun1ty to mzximize key legibility parameters,
i.e., neight=to-width ratio, stroke width, 1um1nance
contrast and color.

Professiainal judgment.
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Counter drums shall be numoered
so that a clockwise rotation of
drums and/or re-sct control pro-
duze increasing numerical values.

NMumerals should "snap" into posi-
tion so that the entire npumeral
appears w1thmn the viewing window.

Number ho ght: width proportions
should be thh1n~the range of
5:3 to 1:1, (1:1 is the preferced
ratio) except Lor numbey ‘17,

Spacing between adjacent numerals
sha®ddl pet exceed tth width of
wide pumerals; % width of narrow
numerals when several numbers are
to be read as a total value.

Counter Jrmms shall be mounted as
clos= to the front panel surface

as practical and the adges of the
viewing window shouxd be beveled Lo
provide at least 45Y off-angle view
of the display.

When aumbers on vight drums need

not he read accurately, these

may meve in a coutinuous metion —
in-which case at least two of the
aumbers shall be visible.

Decimal points may be inserted
within the viewing window or

placed on the panel when the posi-
tion remains constant. -Commas
should. not be used unless more than
four numbers appear in the window.

Lf left hand numbers are seldom
used, provide a blanking system
rathet than present several pre-
ceding zeros (i.e., the blanking
device only exposes left hand drums
when numerical value is displayed.

- Drum-Type Counter Design
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‘b. Devices that produce characters by mcans of dot or line
‘segment patterns are Timited in terms of the above legi-
‘bility parameters, dot patterns being the more teadabge
(see'Figuré ).

c. ‘Depeqdlng on the state-of-the-art for a given device,
some devices may be too large or too small for the
particular application, e.g., panel space limits or
viewing distance limits.

5.2.6.2.3.2 Alphanumeric Character Format - The format of alpha-
numeric characters shall be based on the characteristics of
standard Gothic capital letters and numerals and shall contain at
least the number of resolution eiements shown in Figure

Characters and symbols should appear upright or sloping SIIghtlj
to the rlght (a positive slope, to the right, of up to 11° may

be used). Legibility/readability of unusual formats shall be
equivalent to that of standard Gothic capital letters and numerals

5.2.6.2.3.3 Contrast Direction — Character generation techniques | Ref: Woodson and Conover, Human
should be choSen to best Eit the operating environment: Engineering Guide for Equipment
esigners, 1966, p. 2-J4.

a. Light symbo s on a dark background when work area
illumination is low (i.e., less than about 1 f-L).

b. Either light or dark background for intermediate
illumination levels.

c. Dark on light background is preferred when ambient
light conditions are h1gh (i.e., more than about
100 £+L).

5.2,6.2.3.4 Indicator §pac1g& When several indicaters are used ’
side by side to provide a multi-digit number, the actual spacing
between characters shall conform to the requirements stated above
for drum—type counters.

5.2.6.2.3.5 Glare - Devices which are subject to glare problemsz
(e.g:, stacked euge-lit, gas-discharge tubes) shall be designed
to minimize intersurface reflections, halo effects around glow
wires or engravings, "hot spots" from lamp sources, etc. When

the particular display may be affected by external (ambxent) light
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53 x 7 dot matrix vay be used

for both letters and numerals,
as well as other s mbols. A

7 x 9 is preferred when accuracy
is of particular importance for
alphznumeric daca sets.
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7-segment bar-type matrix iz
acceptable for numerals, but
cannot provide a full alpha-
bet of letters.

Izalic or sloping matrix is
acceptable as long as ths
slope does not exceed 117,

- Minimal Requirements for Dot and
Segmented Matrix Characters
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reflections, filters and/or anti-reflection coatings shall be
provided.

5.2.6.2.3.6 Lanap Replacement — Devices which depend upon incandes-
cent lamp sources shall be packaged for ease of lamp replacement.

5.2.6.2.3.7 Intensity Control - Digital readout devicez that may
be used under dim-out or black-out operating conditions shall be
selected on the basis that operator-controlled dimming shall

be provided.

5.2.6.2.4 Mechanical Flags

5.2.6.2.4.1 Application -iﬁse original material from 5.2.6.5.13

5.2.6.2.4.2 Mounting - Where practical, flags should be mounted
inside the instrument cover glass, as close to the display surface
as practical without restricting flag movement. The flag in its
stowad position shall not obscure necessary information on the
primary display. MHowever, (where practicable) the fiag, when in
the No-Go position, should extend into the display area (and
preferrably obscure some displayed element) far enough to inzure
that the operatsor will take note of the condition indicated by

the flag (e.g., display or instrument inoperative).

5.2.6.2.4.3 Snap Action - [Use original material from 5.2.6.5.3)
5.2.6.2.4.£ Contrast —[ﬁse criginal material from 5.2.6.5.4J
5.2.6.2.4.5 Legend - When a legend is provided on the flag,
lzteering shall appear upright when the flag assumes the active

or No-Gu position.

5.2.6.2.4.6 Test Provision -[Use original material from 5.2.6.5.6

5.2.5.2.5 Plotters and Recorders

5.2.6.2.5.1 Visibility - Critical graphics (rhose -points, curves
grids, etc. tnat need to be observed during the time thar the re-
cording is being made) shall not be obscured by pen asseably, arm
or other hardware elements.
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(Flags used to display system faults should be Flourescent

5.2.3.2.532 Contrast -[psé—original material in 5.2.6.4.BJ
Add:
[ Orange, FED-STD-595a #28915.)

5.2.6.2.5.3 Take~up Device - Use original material in 5.2.6.4.4.

5.2.6.2.5.4 Job Aids - Graphic overlays should be provided wheré
these may be tritical to preper interpretation of graphic data as
it is being generated. Such aids shall not obscure or distort
the data.

5.2,6.2.5.5 -Annotation - Where applicable, plotters should be
designed and/Ar mounted so that the operator can manually write on
or mark on the plotting paper while it is still in the plotter.

5.2,.6.2.5.6 Control, Replenishment and Service - Plotters and
recorders shall be designed to conform to criteria herein, with
regard to the following:

a. Control-displays used to start, stop or adjust the maching

and critical operating elements.,

b. lnsertion, adjustment for operation, and remova' of paper
replenishment of ink supply, replacement of pen or other
items determined to be operator tasks.

¢. Mino. servicing on site by a technician, i.e., adjustment
of drive system, cleaniag, vr replacement of operating
items that ordinarily would not be available to an
operator.

5.2.6.2.6 Printers - Criteria in 5.2.6.2.5 (Plotters and
Recorders) shall apply to printers as applicablé; 1In addition,
the following shall be considered,

a. The 9finterrsha11 be free from character line misregis=
tration, character tilt or smear.

b. The printer shall not be excessively noisy if it will be
located in an area nofmally occupied by personnel for
more than 4 few minutes, or where criti¢al direct or
teléphone conversations are required (§ee 5.8.3).

Professionalijudgment.
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5.2.6.6 Optical Projection Displays ST ’ ‘
5.2.6.6.1 through 5.2.6.6.4.4 —,[Use original materials as |
written--add the following:] :
5.2.6.6.4.5 Keystone Effects - Projector-Screen arrangement shall .
be considered to minimize "keystone effects”, e.g., distortion |
of projected data proportions due to non-perpendicularity between <
projector and screen.
i
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TABLE IV. GROUP VIEWING OF OPTICAL PROJECTION DISPLAYS
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-1 screen diagonal : 5 ‘
-} Angle off centerline . 0° 20° 30° |
*image luminance (no film in { i
-operating projector) 10 fel 8~14 fr-L 6-20 ft-L ( 4
: {34 cd/m?) (27.48 cd/m?) | (1769 ad/m?) ] l
“Luminance variation across screen ) . !
{ratio of maximum to minimum !
| luminance) 1 1.5 3.0 “
“Luminance variation as a function P
of viewing location {ratio of maximum !
-{ to minimum luminance) 1 20 4.0 .
’ ambient light / !
Ratio of 0 0.002~0.01 0.1 max**
o brightest part of image
N !
*For still projections higher values niay be used
**For presentations not involving gray scale or coior (e.g., line drawings, tables) 0.2 may be used,
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5.3  AUDIO DISPLAYS - 1. Because of the extensive re- 1
organization and new content l
5.3.1 General - needed in this section the i
- original is included in icts ]
5.3.1.1 Application - Audio displays should be provided under the entirery. :
following conditions: . , . .
2. One of the bBFlOUS.dGLeCtS,wltﬂ
a. The information that is to be processed 1s short, simple, the original crganizalion 1s ihat
and transitiry reguiring immediate or time-based responsé. material on warning 1§ scatlerec -
in various places 1n the seection,
b. The common mode of visual display is restricted by over-
burdening; ambient light variability or limitation; operator mobility;
degradation of vision ky reason of vibration, high g-ferces, hypoxia,
other environmental corsiderations; or anticipated operator inattention.
¢. The criticality of transmissinn response makes supplementary
or redundant transmission desirable.
d. 1t is desirable to warn, alert, or cue the operator to sub-
sequent additional response.
e. Custom or usage has created anticipation of an audio display.
f. Voice comiwnication is necessary or desirable.
5.3.1.2 Signal Type - Each sifuation requiring an audio presentation
shall be carefully evaluated to determine the optimum type of signal
for that presentation, taking into consideration the criteria for
different types of audio signals presented in Table V.
5.3.1.3 False Alarms - The design of audic display devices and circuits
shall preclude false alarms.
5.3.1.4 Failure - The aud:io display device and circuit shald be designed
to preclude warning signal failure in the event of system or equipment
failure and vice versa. ’ .
5.3.1.5 Circuit Test - A1l audio displays shall be equipped with cir- f
cuity test devices or other means of operability test. .
5.3.1.6 Aircrew Stations - Audio siguals for air crew Stations shall
conform to MIL-STD-411, wiere applicable. :
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TABLE V. FUNCTIONAL EVALUATION OF AUDIO SIGNALS

TYPE OF SIGNAL

FUNCTION TONES COMPLEX SOUNDS SPEECH
{Periodic) {Non-Periodic)
£ooR 2O0R, goae
QUANTITATIVE Manurs. 5af 510 6 tonas Inter polstien between Minimum tms snd wror in
INDICATION shmolutaly recognitsbin signals Inszcuwrate, obteining exact velus in
tetms compatible with
response,
POOR-TO-FAIR POOR GO0D
Ditfieult to Judge spproxi- Dfticuit 1o judge spproxi. Informet.on concerning
mate vaiue and direction mate devistion ltom de- disptacament, direction, and
QUALITATIVE of devistion from nulf sired vaiue,

~INDICATION

sotting unlom pressntad

rate praganted in form com-
petible with required

in clow temporz* tesponss.
sequence.
S000 .6000, 290R.
: Start and stop uming Especislly suitable for Inetficient; more sauly
STATUS Continuous information irregularly oceurnng masked; problem of
“INDICATION whete raie of change of signals {e.g., alerm signals). | repestenitity.
input i low.
FAIR POOR G000
Nul position semily Required quaiitative Meening intrinsic 1n signel.
~TRACKING menitered; roblem of indications defficult to
signaitesponee compets- provids,
bitity.
Geod fer sutemstic com- Some sounds sveilable with Mest stiactive fur rapid tbut
munisation of himited common mesning le.g., fire net sutomatic} eommunication
~ informetion. Mesning beit), Eamly ponerated. of complex, mulndimensional
GENERAL must be jesrned. Easly informetion, _Mesning intrineic
paneisted. In signal snd eentext when
nanderdired, Minimum of
nrew Jasrning required,
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5.3.0.7 Special Applications - Audio displays such as sonar and elec~
tronic countermeasures shall be made compatible with the criteria stated
herein. If system design precludes following Such criteria, require-
ments for deviations shall be based upon the specific application.

5.3.1.8 Use-with Several Visual Displays - One audio signal may be used
in tonjunction with 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 Marning Signals - Audic signals shouid 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
criticdl action or acticns that must be taken. NOTE: Certain audio
signals have been standardized for aircraft use by joint service and
international agreement. Stipulation of audio signals for future air-
craft design should be in consonance with these agreements (see
HIL-STD-~411).

5.3.2.2 Nature of Signals - Audio warning signals should normaily cen-
sist of two elements: an &lerting signal-and an identifying or action
signal.

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

2.2.2 sinqgle element Signal - When reaction time is critical, sig-
nals shali be of short duration. If a single element signal is permissi-
ble, a¥l essential énformauzon shall be transmitted in the first 0.5
secend. .

5.3.2.3 Caution Signils ~ Ceution signals shail be readily distinguish-
able from warning siynals ang skall be used to indicate conditions req-
uiring awarzness but not necessarily immediate action.

5.3.2.4 Relation-to Visual Displays - When used in conjunction with
vxsua) displays, audio warning devices shall be supplementary or
supportive in nature. The audio signal 3hall be used to alert and
direct urerator atte1tton to the appropr1ztc v1sual disp‘ay

e
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§.3.3 Characteristics of Audic Warning Signals -

5.3.3.1 Frequency -

5.3.3.1.1 Range - The frequency range shall be between 200 and 5,000 Hz
and, if possible, between 500 axd 3,000 Hz. When signals must travel
over 1,000 ft {305 m), sounds w'th frequencies below 1,000 Hz should be

used. Frequencies below 500 Hz should be used when signals must bend
around obstacles or pass through paititions. The selected freguency
band shall differ from those most intense background frequencies and
shall be in accordance with other criteria in this section.

5.3.3.1.2 Spurious Signals - The frequency of a warning tone shall be
different from that of the electric power employed in the system, to
preclude the possibilit, that 2 minor equipment failure may generate &

spurious signal.

5.3.3 2 Intensity -

5.3.3.2.1 Compatibility With Acoustical Environment - The inten:ity,
duration and source location of audio ailarms and signals shall oe
selected so as to be compatibie with the acoustical environment of the
intended receiver as well as the reguirements of other personnel in the
signal areas.

5.3.3.2.2 Discomfort - Audio warning signals should not te 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: Cbjectives -

5.3.4.1 Audibility - A signai-to-noise ratio of at least 20 d8 $hall be
provided in at ]zast one octave band between 200 and 5,000 Hz at the
operating position of the intended receiver.
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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, how-
ever, be so startling as to preclude appropriate responses or interfere
with -other functions by insistently holding attention away from other
critical signals.

5.3.4.2.2 Onset and Sound Pressure Level -~ The onset of critical alert-
ing sigrals should be sudden, and a relatively hign sound prescure level
shauld be provided as specified in 5.3.4.1.

5.3.4.2.3 Dichotic Presentation - When earphones will be worn in the
operational situation, i dichotic presentation should be used whenever
feas

a

¢cible, alternating the signal from one ear to the other by means of
-dual=charnel headset.

5.3.64.2.4 Headsei - When the operator is wearing earphones covering
both ears curing normal equipment operation, the audio warning signal
shald be directed to the operator's headset as well as to the work area.

5.3.4.2 Discriminability -

5.3.4.3)1 Use of Different Characteristics - When several different
audic signals are to be usci to alert an operator to different types
of conditions, discriminab.2 difference in irtensity, 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.

5.3.4.3.2 Coding - Where discrimination of warning signals will be
critical to personnel safety or system performance, audio signals shall
be appropriately coded. Alarms that are perceptibly different shall be
selected to correzpcad With different conditions requiring critically
ditferent operator responses (e.g., maintenance, cmergency conditions,
and hezlth hazards). Such signals shall be sufficiently different to
minimize -the operator's search of visual displays.

5.3.4.3.3 Critical Signals - The first 0.5 seccnd ¢f a fast reaction
audio signal shall Le discriminable from the first ¢,5 second of any
other signal that may occur. Familiar signals with establic<hed names
or associatiens shall be selected. Speech should be used wienever

i
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5.3.4.3.4 Action Seament - The identifying-or action segmeént of an
audio warning signal shall specify -precisély the emergency or any other
conditions requiring actions.

5.3.4.3.5 Differentiation From-Routine Signals - Audio.alarms intended
toé bring the operator’s attention to a malfunction or failurfe shall be
-difféerentiated 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 whéré possible confusion might
exist because of the operational environment: i

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

b. Steady sigrals that resemble hisses, static, or sporadic
radio Signals.

~¢. Trains of impylses 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 whes 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, rerfodic pulses, steady
or frequency moduiated simpic tones. or any other signals generated
by -¢tandard counterméasure devices (e.g., "bagpipes”).

g. Signals Similar to random-noise genérated by 2ir conditioning.
-or any other equipsent,

~h. Signals that reserble sounds likely to occur accidently
under operational conditions.
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5.3.4.4 (ompatibility -

5.3.4.4.1 Existing Signzls - The meaning of audio warning signals

selected for a system shall be consistent with warning signai meanings
already established for that function.

§.3.4.4.2 Acoustic_Environment - Established signals shall be used,
provided they are compatible with the acoustic environment and the
réquirements specified herein for the voice commynication >ystem.
Standard signals shall not be used to convay new meanings.

5.3.4.5 Masking -

§.3.4.5.1 Other Critical Channels - Audio warning sigmals 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 i warning signal delivered tc a
headset might mask another essential audio signal, separate channels
may be provided to direct the warning signal to one ear and the other
éssential audio signal to the other ear. In such a sjtuation and
when required by operating conditions, this dichotic presentation may
further provide for alternaiicn 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 te designate the general problem.

) b. A brief standardized speech signai (verbal message) which
fdentifies 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 T*pe of Voice ~ The voice used in recording verbal warning
signals shail be distinctive and mature. ’
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5.3.5,3.2 Delivery Style - Verbal warning signals shall be presented
in a formal, impersonal and calm 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,
“neak-clipping" may be used to protect the listener against auditory
overload.

5.3.5.5 Message Content - In selecting words to be used in audio warning
signals, priority shall be given to intelligibility, aptness, and con-
ciseness in that crder.

5.3.5.6 #Message Categories -

5.3.5.6.1 Critical Yarning Signals - Critical warning signals shail be
repeated with not more than @ 3-second pause between messages until “he
condition is corrected or overyidden by the crew.

5.3.5.6.2 Messzge Priorities - A message priority system shzll be
established ang mere critical messages shall override the presentation
of any me553ge occurring belos it on the priority list. In case two or
more incidents or malfunctions occur simultaneously, the massage having.
the higher priority shall be given first. The remaining messages shald
follew in order of prierity. In the avent of a2 zomplete subsystem fail-
ure, the system shall integrate previous messages via alectronic gating
and report the system rather than the component failure. )

5.3.5.6.3 Mode-Blocking - The verbal warning srstem shall be mode-
blocked in such a manner that meaningless messages for the environ-
mental conditions existing at that time will not be presented.

5.3.6 Controls for Audio Werning Devices -

5.3.6.1 Automatic or Manual Shut-off - When an audio signzl is designed
to persist as long as it contributes useful information, a shut-off
switch which is controllatle by the operator, the sensing mechanism, or
both, shall be provided, depending on careful consideration of the
ope-ational situation and personnel safety fectors.
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5.3.6.2 Automatic Reset - Whether audio warning signals are designed

to be terminated automatically, by manual control, or both, an automati
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 & function of time or the state of the signal-
ing system.

5.3.6.3 Volume Control -

5.3.6.3.1 Automatic or Manuai - The volume {loudness) of an audio warn-
ing signal shall be designed to be controlled by the operator, the sens-
ing-mechanism, or both, depending on careful consideration of the
operational situation and perscnnel safety factors. Control movements
shall be restricted to prevent reducing the volume to an inaudible level.

5.3.6.3.2 Ganging to Mode Switches - Volume controls may be ganged to
mode switches to provide maximun output during rassion phases in which
intense noise may occur and to provide reduced volume at other times.
Zanying shall not be accomplished 1f there is & possibility that intense
noise may occur in an emergency situation during @ mission phase in which
the volume would be decreased below an audible level.

5,3.6.2.3 (Caution_Signal fontrols - Audio caution signais shzll be pro-
vided with the marual reset and volume controls.

5.3.6.4 Duration - Audio werning signal duration shall be at jeast 0.5
second, and my continue until the appropriate response is made. Com-
pletion of a corrective action by the operator or by other -means shall
eJtomatically terminate the signal.

5.3.6.5 Duration [imitatiens - In an emergency situation. si:pals that
persist or incriase progressively in Tevel shell not be used if manual
shut-off may interfere with the corractive actinn required.

5.3.7 Yoice Communication System -

5.3.7.1 Telephone or Pzdiy Communications = Design of military inte-

grated telephone or radio communication sysiems, either of a switched
or point-to-point nature, shall be iR accordance with the applicable
requirements of kIl -STD- 1R8.
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5.2.7.2 Speech Transmission fquipment -

5.3.7.2.1 ‘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 6,10V Hz).
Where system engineering necessitates Speech-transmissicn bandwidths
nerrower than 200 to 6,109 Kz, the minimum acceptable frequency range
should be the 250 to 4,000 Hz.

3.7.2.2 JBynanic Range - The dynamic range of a2 microphcne used with
selected amplifier shali be great enough to admit variations in sig-
1 input of at least 50 dB.

5.
2
na

5.3.7.2.3 HNoise Cencelling Micropiones - In very loud, low frequency
noise environment (100 40 overall), noise-cancelling microphones shall
-be used and shall be capable of effecting cn improvement cf not less
than 10 ¢B peak-speech to root-mean-square-noise ratio as compared with
non-noise-canceiiing microphones of equivalent transmission character-
istics.

5.3.7.2.4 Pre-emphasis - If necessary, speech syste= input devices
shouid empioy frequency pre-emphasis with 2 positive slope frequency
characteristic no greater than 12 d8 per octave frcm 146 to 1,500 Hz
and no greater than 9 d8 per cctave over the frequenty range 1,500 to
4,800 Hz, when no ciipping is used.

5.3.7.2.5 Peak-clipping of Speech Signals - Where speech signals are
to be transmitted over chinneis showing less than 15-dB peak-speech <o
‘root-me2n-square-noise ratios, peak-clipping of 12 to 20 d8 may be
employed at system input and ray be preceded by frequency pre-emphasis
as specified in 5.3.7.2.4.

'5.3.7.2.6 Noise Shieids - Wien the talker is in an intense noise field,
the microphone should be put in a nois2 shield. - Noise shields should be
designed to meet the following requiremsnts:

a. A volume of at least 15.25 cu.in. (250 cu. cm} 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 sirzps.

-
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¢. A hole or combination of hcles covering a total area of 0.1
sq. in. (6% sq. mm) in the shield to prevent pressur: buildup.

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

e. lo impediment to voice effort, wouth or jiw rovemeat or breath-
ing.
5.3.8 Speech Reception Ecuipment -

"

£.3.8.1 Range - Headphines 2na louZingdkers shall be subju~t to the
same frequency respente restrictions 2s microphones and transmission
equipment except thol Isvispezkers for vuse in nulti-spezker instalia-
tions (e.g., where sever:i sprech channeis 2re to be monitored siul-
tanecusly) shall respord caiformly {5 d3) over the range 100 to 4,807
Hz.

5.3.8.2 Lovdspeakers for Yslii-chansei Monitering -

A —

5.3.3.2.1 Monitor sc of Speakers - When sev_oral channels are to Lo
onitored simyitanecusly by means af loudspecrers, the spaakers skall
be mounted so that they arc not less thzn 197 apart radially with res-
Fact to & central operater po.iticm, <& i~ 2 conseic-configured controi :
or ccmunication center.

5 3.80.2.2 Filtering - %hen 2dciticnal channel differentiation is re-
quired, apparent laterz: separation .h2ii be enhanccd by aoplying low-
pass filtering (frequency cuteff, F. = 1,ECC Hz) to signals fed to
lcudspeakers cn-one side of the central operato- positien. [{ ‘there
are three channels invoived, ore channel shall be jeft unfiltered, 2
high pasc filter with 1,300 ¥ cutof? shall be provided in the second
Channei, and & low-pass fiiter with 2,500 3z cutoff shall be provided
in the third channel. A viyu ° cignal shall be arovided to show which
channel is in use. H

5.2.8.1 use of de-e~phasis ~ ¥hen *ransmission equipuent employs pre-
enchasis and peak-clipping is not used, rucention equipmert shall employ
frequenzy de-emph>sis of clharacte-istics comolexentasy to those of pre-
emphasis enly if it improves intelligivility, i.e., de-emphiasis shail
be 3 negative-slope frequeniy response not greater than 9 /8 per actave
over the frequency range 140 to 4,800 Hr.
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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 otherwise, dinaural
headsets shall be wired so that the sound reaches the two ears in
opposing phases. Their attenuation qualities should be capable of reduc-
ing the ambient noise level to less than 85 dB(A). Provisions chould

be incorporated to furnish the Same protection to those who wear glasses.

ﬁ

5.3.9 Operator Comfort and Convenience -

5.3.9.1 Comfort - Communication ecuipment to be worn by an operatcr
{e.g., headphones and telephone headseisy 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 m1crophones, headphones, and
telephone headsels shail be designed to permit hands-free operation
under normal woirking 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,
j.e., the most frequently or urgently needed handset shall be the most

accessible. Color-coding may alse be employed where operating personnel
will have visual contact with handsets under the working conditions.

5.3.10 Qperating 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 110 dB overall when ‘using two earphones, and- shall
have pressure operated gain control switches to compensate for aititude
in unpressurized compartments. The minimum .-tting of the volume control
shal) be timited to an audible level, i.e., it shall not be possible
to inadvertently disable the system with—the velume control. While
separation of power (on-off} and volume contro) adjustment functions
into separate controis is preferred, should conditions justify their
combination, a noticeable detent position shall be provided between

the OEf :position and the lower -end of the continuous range of volume
adjustment.
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5.3.10.2 Squelch Control - Where communication channels are to be
continuousTv monitored, each channel shall be provided with a ‘
signal-activated switching device (squelch control) to suppress |
chainnel noise during no-signal periods.

5.3.10.3 Foot~operated Controls — When normal working couditions
will permit the operator to remain seated at the working position
an access to "talk-listen" or "send~receive" control switches is

- required for normal operation or if console operation rc¢auires the \
use of both hands, foot-operated controls shall be provided. Hand
operated controls for the same functions shall be provided for
emergency use and for use whean the operatér may need to move from
one position to another.

5.3.11 Speaker/Side Tone - Circuits shall be designed so that the
speaker's verbal output is 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 hecadset.

5.3.12 Speech Intelligibility

5.3.12.1 General - When iaformation concerning the speech intel-
ligibility of a system is required, three recommended methoads

are available, with the appropriate selcction being depandqnt
upon the requiTements ol the test:

a. The ANSI standard method of measurement of phonetically
balanced (PB) monosvllabic word intelligibility, $3.2-1960, should
be used when a high degree of sensitivity and accuracy is re=
quired.

y
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~b. The modified rhyme test (MRT) (see Human Engineering Guide
‘to ‘Equipment Design) shoula be used if the test rcyuirements 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, cemparisons and predictions of system intelligibility
based upnn ANSI S$3.5-1965.

5.3.12.2 Criteria - The intelligihility criteria shown in Table Vi
shal) ba used for voice communication. The efficiency of communications
needed and the type maierial 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 P8 | MRT Al

Exceptionally high intelligibility;
separate syllables understood 90% | 87% 0.7 1

Normally acceptable intcliigibility;
sbout 98% of sentences correctly
heard; single digits understood 75% 91% 0.5

Minimally acceptable intelligibility:
-limited standardized phrases under-
*-stood; about 80% ssntences correctly

- heard {not accaptable fur opers:
tional equipmant) 43% 75% 0.3
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5.3 SPEECH INPUT AND AUDLTORY DISPLAYS

5.3.1 General -~ Speech input is received through microphones for
processing and ‘transmission through voice communication systems
or for entry to speech recognition systems. Auditory displays
-are used not only to present voice communication from another
source but also to present sonically-derived sensor data, synthetic
speech, alerting and cueing signals, and other accoustically~coded
information, The human auditory channel itself is distinguished
by the fact that, unlike vision, it is never turned off at the
sensory level with respect to the acoustic environment. Although
‘both the eye and the ear integrate over short time intervals,

the ear acts as an analyzer with respect to the sound spectrum,
wliereas the eye integrates across the visible spectrum. These
differences and others as discussed in this section shall be
considered in planning and designing systems utilizing speech or
other acoustic signals.

5.3.1.1 Comparative Characteristics of Auditory Si nals = For
the purposes of Ghis standard auditory signals will be considered
to be of ‘three basic types: tones, compiex sounds, and speech, A
comparison of the strengths and weaknesses of these types with

- Tespect to their use for various functions is. presented in

Table V.

5.3.1.,2 Agglicgticn

5.3.1.2.1 Voice Communciations - Voice communications should be
considered for systems under the following conditions.
a: The message content or format cannot be predicted in
advance. .

b. Considerable and/or rapid interaction between operators
will be required as where there must be joint solution
. of a war problem, or where it is necessary to "break into!
concurrent information transmission. .

c. The voice.sifnal itself offers assurance or essential
psychological support not otherwise available.

- d. . Users cannot conveniently look at a visual display to-
obtain information.

5.3 "speech input" was added to the :
title because of new material as well :
as existing material on microphones.
"Auditory" is used in preference to
"Audio" because it has a sensory
reference which is more in parallel
with "Visual" display.

Ref: Van Cott, HumaneEngineering
Guide to Equipment Design,

TR A
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TABLE V. FUNCTIONAL EVALUATION OF ~UDIO SIGNALS

86

TYPE OF SIGNAL
FUNCTION TONES COMPLEX SOUNDS SPEECH
{Petiodic) {Non-Pariodic) i
. ﬁ POOR POOR GO00
- QUANTITATIVE " Meximum o1 5 1o 6 tones Inter polstion berween Minimum Nme end erree in
| INDICATION stuclutely recugnizsbie. signehs inacewrste, obtaining exact valus in
terme competible with
LT
_ Difficult to judge ipproxi- Odtficult to judge approxi. Information concerning
- mete volue snd direction mete deviatien from de- displecament, direstion, snd
QUALITATIVE of devistion from null sired wiue, tote proverted In form com-
INDICATION satving uniess presented potible with requices
in clos temporal respores,
) 8000 800D, 2008
Start ondf s1op timing. Espacislly suitable for Inetticient; more ameily
STATUS- - Continuous information irrogutarly ocourring masked; problem of
INDICATION wheve rate of chenge of signals {s.9., slerm signals), ropestability,
|l et tow.
FAIR POOR Goob
. Null pasition sssily Requised quatitative Mesning intrinsie in signal.
TRACKING manitersd; roblem of indicstions difficult 1o
blity,
Good for swtenmetic com- Seme souncs sveileble with Most sHestive for rapid {but
munimtion of lmites commen meaning (s g., fire net putemstis) sommunication
Information. Mesning bolt). Esily gonerated. of complex, muitidinwrisiens!
-} ceneEmAL *_must be teeried, Easily intermetion.- Masning intrimie
- penersted, . in sigret and sentext when
senderdized, Minimum of-
new leerning requiced.
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5.3.1:2.2 Individual Speaker Recognition - Automatlc speaker
recognltlon ‘techniques may be employed in systems to positively
1dent1fy an orlglnator to an addressee or to restrict communica-
tions access ito specific individuals (e.g., to limit access to a
data bank).. Tf individual speaker recognition is used for security
pucposes (i.e., to deny access to classified mateérial by unauthor-
ized personnel) it should be used in combination with some other
control method in order to attain sufficient reliability:

5.3.1.,2.3 Speech Recognition for Infurmation Retrieval and
Computer Control - Automatic Speech recognition systems which are
used- to recognize the spoken words but not the individual speaker
provide an alternate to keysetting techniques for ianformation
retrieval and computer control. However; because of the -possible
-misapplication of automatic speech recognition, such techniques
should be considered for use only when:

a. The vocabulary needed at each phase of operation is com-
paratively small. (Vocabularly requifements can be con~
siderably reduced by using syntax control which limits
‘the necessary vocabulary search to the words which are

plausible at that particular point in the entry sequence)

‘b. Ertor rates would be comparable to or more favorable than
‘those ‘with other types of control inputs such as keysets.

Speed of entry would be equal to or faster than conven-
‘tional -entry techniques.

Convénient means of error detection and correction are
-provided.

Convenient means are prov1ded ‘to 1nh1b1t the system ex-
cept when speech input is intended,

f. Performance wili be satisfactory evén under stress con-
ditions.

5.3:.4.2.4 -Auditory Displays - Auditory displays are necessary .
when apmplified - jignals are used in voice communications. They

should also. be-considered under the following conditions.

5.3.1.2.2 and 5.3.1.2.3 The
Standard needs to recognize the
emergency of speech recognition
as an important security and
control factor.

Professional judgment.

Ref: Van: Cott,

‘Human Engineerin
Guide to Eguxgment Design,
2 ’ . .
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a, The information that is to be processed is short, simple,
and transitory requiring immediate or time-based re-
sponse,

b. The visual display is restricted by: overburdening;
ambient light variability or limitation; operator mobility
degradation of vision by reason of vibration, high g-
forces, hypoxia, other environmental -considerations; or
anticlpated operator 1inattention.

¢. The criticality of transmission response makes supple-
mentary or redundant transmission desirable,

d. It is desirable to capture the operator's attention for
advisory, cueing, alerting, or warning purposes.

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

£. The.ope;a{or cannot commit the time necessary for
monitoring a visual display, .

g. An auditory presentation is desirable to reinforce a |

visual presentation. )

5.3.1.2.5 Aircrew Stations = Audio signals for aircrew stations
shall conform to MIL-SID-411, as applicable.

5.3.1.2.6 Sensor Applications — Auditory displays for sensor
systems such as sonar and clectronic countermeasures shall be
made compatible with the criteria stated herein. Deviations
shall require approval of procuring activity.

5.3.1.3 Circuit Test — ALl auditory displays shall be equipped
with circuitry tést devices or othexr means of testing operability.

5.3.2 _Non-Verbal Auditory Signals for Advisory, Cueing, Alercing |

and Warning Functions

-

e
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5.3.2.1 General - Auditory signals shall be provided as necessary
to warn personnel of impending danger, to alert operators to a
critical change in system or equipment status, to remind operators
of a critical action or actions that must be -taken, or to advise
personnel of some change in system state or data. (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.

5:3.2.1.1 Frequency Range -~ The frequency range shall be between
100 and S,OUU*ﬂz an*, if possible, between 500 and 3,000 Hz. When
signals must travel over 1,000 fr. (305 m), 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
partiticns. To the extent possible the selected frequency band
should differ from the most intense background frequencies and
shall be in accordance with other criteria in this section.

5.3.2.1.2 Avoidance of Power Frequencies - In order to avoid
possible confusion Eetween power 2requenc1es emitted by mal-
functioning power circuits and meaningful auditory signals, the

signal frequencies shall always be different from the power
frequencies.

5.3:2.1.3 Compatibility With Acoustical Environment - The inten-
sity; duration and source location ol auditory signals shall be
selected so as to be compatible environmentally with all personnel
in the signal areas as well as with the specific individuals
intended to receive the signals. Except when essential for safety)
signal level should not be so high as to cause discomfort or
ringing in the ears. Criteria in Figures and shall be
used as guidance. j :

5.3.2:1.4 Use of Different Characteristics - When several dif-
ferent auditory signals are to be used concurrently, discriminable
differences in spectral compoisition and/or tenporai pattern shall
be provided. When specific recognition of individual signals is

important their differences shall be coded in a simple and easily
recognized way.

See MIL-STD-411.

Frequencies as lo~x as 100 Hz are
used in ship whistles to get
long~range propazation and pass
around objects.

Ref: Van Cott, Humsn Engineering

Cuide to Equipment Design,
1977, Ch. 2.
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5.3.2.1.5 Prohibited Types of Signals - The following types of
signals shall°not be used wherc possible confusion might -exist
‘becaise of the operational environment:

a: Modulated or interruptzd tones that resemble navigation
signalis 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 tvo carriers when one is being shifted in frequency
(beat=frequency-oscillator effect).

e. Signals that resemble random noise, periodic pulses,

- steady or Erequency modulated simple tones; or any other
signals generated by standard countermeasure devices
“(e.g., "bagpipes").

“f. Signals similar to random noise generated by air condi-
tiocfiing or any other equipment.

g§. Signals that resemble sonunds likely to- occur accidently
under operational conditions.

5.3.2.2 Advisory Signals = Auditory signals may be provided to
transmit Information of an advisory nature which does not require
specific operator response or acknowledgement. 1In quiet areas
advisdry signals should be presented at a level of 50 to 70 dB on
the A-weighted: scale. Where there is a noise background they
should -be at least 15 dB above the noise level in the critical
‘band- centered on each major component frequency of ‘the -advisory
signal. (The width of the critical band varies as a fuanztion of
the center frequency as indicated in Figure __ .)

W Akt e i ———— i ] S o B i it

m e —— ——

(This was originally 5.3.4.3.6 but
it should be applicable to all
auditory signals - not just warning

signals.)

The values are the professional
judgment of Bob Gales. (NOSC)
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5.3.2.3 Cueing Signals - Auditory cueing signals shall be pro-
vided for pacing o% operator actions in situations requiring
timely execution of task elements but where: (l) operator atten—
‘tion may be diverted from the task at hand, or «(2) the operatoer
depends on the cueing signal to know when to perform the task.
Cueipg signals mav be used in combination with: visually-presented
messages providing specific task element instructions. Dueing
signals may be used in combination with visually-presented
messages providing specific task element instructions. Cueing
signals should be short, tonal, and non-anncying but distinctive
in character, and as a general rule should exceed the noise level
in the critical band by a: least 15 dB. (See critical %»and-
width in Figure .) <onsideration should be given t¢ instru-
menting the cuelng signal system so as to generate 3 repetition of
the signal if the operator fails to perform the desired action.

5.3.2.4 Alerving Signals - Alerting signals shall be provides
whenever there 1s a requivement for immediate fesponse to a sit-
uation outside of the operator's normal task sequence (e.g., when
there is incoming traffic on an unattended c¢ircuit, or some system
function needs atteation on an irregular basis, or there may be a
minoxr component failure). Alerting signals should be of a spectra
composition and character more demanding of attention than either
advisory or cueing signals. They may be momentary or continuous
in nature as appropriate, but if momentary they should be repeated
periodically if either (1) proper action 1s taken; nor (Z) the
signal is turned off. Similarly, continuously<preésented alerting
signals should persist until initiation of proper iction or signal

turn-off. After the signal is tgrmiqacgd it shculd be automaticalf
ly reset to respond to the next initiating condition. As a general

rule alerting signals should exceed the noise level in the critica
band for all major signal components by at least 15 dB. (See
critical bandwidth in Figure )

5.3.2.4.1 Differentiation From Routine Signals - Alerting 5ignals:

intended to bring the operator's attention to a malfunction or
failure shall be differentiated from routine _signals such as
bells, buzzers, and rormal operation noises.

The values are the professionai
judgment of Bob Gales (NOSC)
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©5.3.2.5 Caution Signals — Caution signals shall be used to

- capture the attention of personnel so as tc direct it-to potentiall
- immediate threat to life or major property damags, byt there may o
- incipient threat to either, or there may be an actual thrzat to

“ possible major system malfunction or abort.) They may provide
 either one cr two functions. A single function caution signal

- consists of an alert only and must be accompanied by a visially-

" presented message identifying the specific nature of the caution

. situation. Two-function caution signals which provide both the
.alerting and identification functions should be used where the
_total number of caution signals is small. Caution signals should
_consist of distirctive complex sounds at least 15 dB cn the A~
“weighted scale above the noise environment. They should parsist
_intermittently until rfestoratioun of normal conditions or manual
-shut off. Upon termination they should be automatically reset

- to respond to the naoxt initiating condition. A volume contrel

" may be incorporated provided full volume is automatically réstored

-upon iniriation of the next caution signal.

5.3.2.5 Warning Signals = Warning signals shall be usod to
-alert rersonnel cf immediate action required 1n hazardous or
emergency situations., These signals shall provide two specific

functions: (]) alerting of personnel, and (2) transmission of i

_identifying or action signals. These functions may be accommodate
"ty cither a tyn-element or single element signzl as appropriate
to the sitwation in consideration of the total zcoustic signal
envirinment. Ordinarily if a small set of warning signals is
used the single element signal would be preferred since -this
would provide the shcrtest reaction time. Warning signals should
- congist of distinctive -complex sounds of excegtional sttention-
" getting velue and present=d at a level of at least 20 dB (on the
“A-veighted scale) above the noise environment. Examples of warn-
. ing signals include fire alarms, collision slanms, transit bells
‘on craneg, etc. .

:5.3.2.6.1 Warning Recognition Time - Warning siguals shall be suf
ficiently distinctive tﬁat“;ﬁeyxcan be unambiguously recognized as
. warning signals within 0.5 seconds of initiation. Single-element
: signals will, in addition, convey full meaning of the signal with-
" in thet initial 0.5 second period. In the worst case, two-element

" signals shall coavey full meaning of the signal within 2.5 seconds
“of initiation. a )

-’

) : ; betseen alerting, caution, and
- destructive conditions requiring immediate awareness. (There is nq wacning signals seems to b needed.

5.3.2.5 A clear differentiacion

!
M W

R
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.2.5.2 Conrrol of Warning Sigials — Warning signals may te
r manuall; or avtomaticaliy initiated, whicheyer is more
ropriate to the circumstances. Manually-initiated signals
1 alsc be manuaily zerminatec. Auvtoustically initiated sig-
hzll persist untii either sutomatically or manuzlly term-
. Autematic termiration shakl net be on a time basis Lut
either initiation of acrion tc restore normal conditions
estoration of normal condicveas. Provision for manual
i y< ~e pravided. Autciratic reset for the
i sh provided far all signals which
cal ares volume control (wich
& signal audikiiitr) may be
s autoriatically restored upon

re fd r
P bl
(3
N
rr

TR

[T
-

a previded -1
zn cf the naxt warning sigaal.

6.3 Competib:ilic: With Sxisting Siznal Codes - We-ning
characteristics anc meanings selected for a3 system or

-ty shall bc comparibiz with signzls alresdy estatlished for

rticular wazning sitization.
5.3.2.6.4 Compctibiliry With Gther Crictica) Signils — No warai=
sixnal shall De of such a charzcter a5 to preclude hearing any
ciher warning signsl or veccotion of vitsl voice cemnunicacion.
5.3.2.6.5 Qperarion With Meadsers — Opefaters wid normally wear
Tarphones COVering Soth ears sharl -have the varning signal pre-
sented in the headset as well as in the work ares. When feasiblo
a dichotic presentation shcnld be utilized so as to present the
warning sigral to one ear snd the noraal auditory signals to rhe
ather ezr, and preferably to alternzre the signals oetween ears.

%.3.3 Voice Communication

2.3.1 Verbal Caution anu Warning Signals - Yérbal cau:tion
ghatis shou e made a; standardized as possible. They cay
d ig conasction vith an initial non~speech alerting signsl.

[+
-]
[+
W
s I d

signai shall consist of a brief staud d s
;ésgage) vhich identifies che specific condition and appropriate
zcticn. - - :

W

-

W D K

‘I A o

I

Reviewer conseasus and professional
judgment.
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3..3.3.1.1 Intens1t§ - Verbal signals for caution conditions shall
‘be at least above the noise level at the operating position
of the intended receiver, and verbal warnings shall be at least

20 %B §bove the noise level. -(All readings on the A-weighted
scale

5.3.3.1.2 Voice Criteria for Recorded Caution and Warnin es~
sages - The voice used in recording verbal messages shoul

c¢lear in enunciation, free from regional dialects, authorltatlve,
confldent, and should sound concerned but neither detached nor
anxious. Delivery should be brisk but should sound unhurried.

5.3.3.1.3 Speech Processing of Caution and Warning Messaﬁes -
Vetbal cautlon and warnlng messages shall be processed only ~when
necessary to increase or preserve intelligiblity, such as by
increasing the strength of consonant sounds relative to vowel
strength, Where a 51gna1 must be relatlvely intense because of
‘high ambient noise, "peak-clipping" may be used to protect the
Iistener against auditory overload.

5.3.3.1.4 Message Content - In selecting words to be used in
recorded verbal caution or warning signals, priority shall be
given fo aptness, intelligibility, and conciseness in that order.

5.3.3.1.5 Repetition of Verbal Warnings - Critical warning signalg
shall be repeatea with not more tﬁan a 3-second pause between

messages until the warning state is terminated either automatically
or .manually.

5.3.3,1.6 Prioritization - When there could be a possibility of
simultaneous presentation of automatically initiated messages, a
message priority system shall be provided, such that the most
Crltlcal message overrides for initial presentation any messages
:occurrxn% lower on- the priority list.. Following initial presen-
tation of the top priority message other messages should be pre-
serited in priority order, except that no caution messages should
be .presented until all warning messages are terminated.

5.3.3.2 Voice Communication Equipment

- This

same

section is substantially the
as 5.3.7 in the original.
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5 3 3 2.1 Telephone or Radio Communications - Design ol military
lntegrated telephone or radio communication systems, either of 'a
swltched or poxnt—to-po1nt nature, shall be in accordance with the

5.3.3:2.2 Microphones and Speech Input Equipment

5.3.3.2.2.1 Fre uency - Microphones and associated system—input
devices shall esigred to respond optlmally to that part of
-the speech spectrum most essential to 1nte11131b111ty (i.e., 200
to 6,100 Hz) except where speech transmission bandwidths are
substantlally narrower as in commercial telephone practice. 1In
these cases the speech input equipment shall be compatible with
the transmission bandwidth being used.

5.3.3.2.2.2 Dynamic Range - The dynamic range of a mlcrophone
and: its assoc;atea ampfliler shall be great enough -to admit

variatiens in signal input of at least 50 dB,

5.3.5.2.2.3 Noise Cancelling Microphones - In very loud, low
freunucy noise environments (e.g., 100 dB or over), ncise-
cancelling microphones shall be used and shall be capable of
-effecting an improvement of not less than 10 dB n peak-speech.

to root-mean-square-noise ratio as compared with non-noise-
cancelling microphones of equivalent transmission characteristics.

5.3.3.2.2.4 Pre=emphasis = Lf necessary, speech system input
devices may -employ Erequency pre-émphasis with a positive slope
frequency characteristic no greater than 18 dB per octave from
140 to 1,500 Hz and no greater than 9 dB per octave over the
frequency range 1,500 to- 4;800 Hz, when no clipping 18 used.

5. 3 3,2.2.5 Pedk Cllpplg&fof Speech S{ggals -~ Where speech slgnalﬂ
ate ‘to be transmitted over ‘channels showing less than 15 dB in
‘peak=speech to root-meafi=square-noise ratios, peak-clipping of 12
-to 20- dB may be employed at the system. 1nput and may be preceded
by £requeacy pre-emphasis as specified in 5 3.3.2.2.4,"

5.3:3.2.2.6 Noise Shields - When the talker is in an intense

:~n01se field, the microphone should be put in a noise shield.
Noise sh1e1ds ghould: be designed to meet the following require-
meat:s::
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a.

A volume of at least 250 cu, cm (15 cu in.) to permit a

precsure gradient microphone :to- function normally.
P re g p )

A good: seal against the face with the pressure of the
‘hand: or -the tension of straps,

A holeé or combxnatxon of holes covering a total area of
6.5 sq. mm (0.1 sq. in.) in the shield to prevent pres-
sure buildup.

Prevention of a standing wave pattern by shape, or by
use of séund- absorbing material.

No impeédiment to voice effort, mouth or jaw movement or
breathing.

5:3.3.2.3 fﬁazphones and,LoudsDeakers

5.3.3.2.3.1 Etéquency Response = Farphones -aud loudapea“exa shall
beé subject to ‘the same trequenc) response restrictions as micro-
phones and- transmission equipment except that loudspeakers for

usé in multi-speaker installations (e.g., where several speech
channels aré to be monitored simultanecusly) shall respornd uni-
formly (+5 dB) over the range 100 to 4,800 Hz.

a-

.....

Mounclng of Speakers - 1f separate speakers on different
channels are ‘to be monitored simultanegusly the spgakors
shall be mounted so that they are not less than 10° apart
| ly with respect to a centtal operator Pposition, as
in a console-conflgured contral of communication center
“Channel=<busy" Lights shall be provxded ‘to show channel
utrlization.

i-iltering = When additional channel differentiation is
required,, apparent lateral separaticn may be enhaﬂced
by applyxng low=pass filtering (frequency cutoff, F.
)J,,800 Hz) to signals fed to Joudspeakers on one s1de of
the ;gn:gal operator position. If there are three chan-

nels, one channel should be left unfiltered, a hxgh pass
‘fiskter with 1,000 Hz cutoff should be provided in :the ~

»-second channel and a low—pass E11terzw1th 2 5010 :Hz
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»cutoff should be Provxded in the third channel. "Channel+
‘busy" lights shall be provided to show channel utiliza-
tion,

5.3.3.2.4 Use of De-emphasis - If transmission equipment employs

pre-emphasis and peak-clipping is not used, receptxon equipment
should employ frequency de-emphasis of characteristics comple-
mentary to those of pre-emphasxs only if it improves intelligi-
bility, 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,

5.3.3.2.5 Headsets - If listeners will be working in high ambient| Ref: HEL=Std $+7=68, p. 175.
noise (85 dB or zbove), binaural rather than monaural headsets )
shall be provided. Unless operational requirements dictate other-
wise, binaural headsets shall be wired so that the sound reaches
the two ears in opposing pliases. Their atteruation qualities
chould be capable of reducing the ambient noise level to less
that 85 dB on the A-weighted scale for all users including those
" who. wear glasses,

5.3.3.2.5.1 Speaker Side Tone - If headsets are used, feedback of
the speaker's own voice (side tone) shall be provided via the :
earphoncs. The side tone shall not be filtered or modified before'
izt is displayed and it shall be in phase with the speech signal.

5.3.3.2.6 Operatiﬁp‘06ntrols,for Voiaé*Communication,Equfpmeht

.3.3.2.6.1 Volume Controls - Accessible volume or gain controls
shall be provided for -each communication receiving channel (e.g.,
Loudspeakens or headphones) with sufficient range to drive sound
pressure lével to at least 110 dB overall when using two ear- . v
phones., (Unpressurxzed aircraft shall be equipped with: pressure-
-operated gain control switches to compensate for altitude changes.:
The mimimum setting of the volume control shall be limited to an _
audible level, i.e., it shall not be possible to Lnadvercently
disable the system with the volume -control. While separation of { - 1
power (on-off) and volume control’ adJustment functxoas into separ~; - -~ :

. ate controls is preferred, if conditlons justify their combina- | - -
- -tion, a noticeable detent position shall be provided between the |
‘OFF position and the lower end 6f the continuous range of volume

adjustment. ) . 1 o 99
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5.3.3.2.6:2 Squelch Control - Where communication chnnnels are
to be contlnuously ‘monitored, each channel shall be provided
with 3 signal-activated switching device (squelch control) to
suppréss channel -noise during no—signal periods.

5.3.3.2.6.2 Hands-Free Opération - For situations in which op-
érators using ‘mlcrophones and/or headsets also have both hauds
occupxed most of ‘the t;me, consideration sha¥il be given to pro-
viding hands-free operation of mxcrophone and headset switching
through use of foot switches, v01ce-actuaCed swltches, or remotely
coritrolled switches as appropriate to the circuits in use. 1If
there may be any requlremeﬂr to operate the microphone and/or
headset swztchlqg from a svanding position, then hand~operated
switches shall also be provided.

5.3.3.2.7 Operator Comfort and Convenience

5.3.3.2.7.1 Comfort - Commuwication equipment to be worn by an
operator (e.g., headphones and telephone headsets) shall be de-
signed to preclude operator discomfort, Wctal parts of the head-
set shall not .come in contact with the vser’s skin. Materials
selected shall be impervious to bidlogical otganisms such as molds
and fungi and shall not deterioratc from humidity or perspifétion.;

5.3.3.2.7.2 Accessibilitv of Handsets ~ Where communication re-
quiréments necessitate the use of several telephone handsets,
the accessibi:lity of their standby locations shall be determined
‘by operational priority, i.e., the most frequently or urgently
needed thandset shall be the most zccessible. Color-coding may
also: be employed ‘where operating personnel will have visual
céntact -with- handsets under the working conditions.

5.3.3:2.8 Zpeech Intell;g1b1144y 5.3.3.2.8 is substantially the same
~as 5.3.1.2.1 in the original.

5.3.3.2.8.k TestlngAMeLhods ~ When information concerning the

speech intelligibility of a system is required, three recommended
methods are available, with the .appropriate selectlon being :

. dependeiit upon-‘the requirements: Of the test.
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- 5.3.3.2.8.2
! billcv = Table VI presents the minimum acceptable scores for PB,
~and AT tests which shall be qualifying for fulfilling vatious
: 1nte111~1b11;ty requiremencs. The efficiency of communications

: néeded and the type material to be transmitted shall determine

" which of the inteliligibility levels of Table VI is to be selected.

. MRT

Table VI, Minimum Acceptable Test Scores for Various
Levels of Inte111g1b111tv in Voxce LomNJnLcatxons SVSLems

‘balanced «(PB) monosyllabic word intelligibility,

tiwvity and accuracy is reﬂuxred

to Equxpment Design) should be used if the test require~

permi:t ‘the use of the ANSI methiod.

intelligibility based upon ANSI §3.5-1969.

The ANSI standard -method of measurement of phonetically

$3.2-1960, should be used when a high degree of sensi-

The mod1fled rhyme test (MRT) (vee Human Eng1neer1ng Gu1d4

ménts are not as stringent or if tim# and training do not

The arkiculation index (AL) ezalculations should be used
for estimations, comnparisons and predictions of system

‘Relationship of Test Scores to Operational Intelligi-~

D _ . _ SCORE._
INTECLIGIBILITY LEVEL o
o I . o PB __MRT AT
Exception: high intelligibiiicyy i o
separate sy7=gb1és understood | 90% 97% 0.7
~NormaTly acceptable intelligibility;
about ‘98% of sentencés correctly
heard; -single .digits understood 75% 91% 0.5

Mxnlmalfy acceptable intelligibility;
limited standardized phases -under-
stood, about 90% sentences correctly

Believe the tvitle modification mav

be more descriptive of table

content

-y =

I, o -
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ORIGINAL REQUIREMENT

5.4 -CONTROLS. -

5.4.1 Geﬂgﬁai Criteria -

5.4.1.1 Selection -

5.4.1.1.7 Distribution of i:oad ~ Controls shall be selected and dis-
tributed -so” that none of the operator‘s limbs will be overburdenec.

5.4.1.1.2 G-loading - Where applicable, control selection shall inglude
consideration- of operation under varialile g-loading on the operator.

5.4.1.1.3 Multirotation Controls - Multirotation controls shall be wsed
when precisicn is required over a wide range of adjustment.

.{.1.1u4~ngﬁggi-Concygli - Detent controls shall be selected whenever
he operational mode requires control operation in discrete steps.,

5
t

MF1 COMMENTS

R .ader may interprec to mean that
control functions must be divided
up equally!

Each of these requirements tends
to be too simplistic to have
broad applicability for all
funcrional requirements.
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5.4 CONTROLS

5 451 General Cr1terla

5.4.1:1 Select1on - Criteria in Table _ _ shall be used in de- | This expansion provides a more
termlnlng “the «type of control to be used on operator control panelﬁ .comprehensive and definitive set
Ia addition, the following paragraphs should be consulted before of requxrements felt necessary to
deciding on specific control type and application. ‘make "'selection" decisions.
5.4.I'.1;1 .istribution of Load - Where applicable and appropriate
controls shall be selected and distributed so that a single limb
is not overburdened.

5:4:1.1.2 Functional Eﬁf1c1ency ~ Control selection (e. g., type)
and: dlstrlbutlon (e.g.; operating lxmb) shall be de*erm1ned on the
‘basis of the expected proficiency with respect to operating a

particular éontrol by means of a particular limb. The following

shkall be considered:

a. Hand manipulation is more precise than foot manipulation.

b. More force usually can be applied by thé foot and leg
‘than by ‘the hand and arm.

¢. Mote operators are right—handed than left-handed and
therefore are more accurate, fastér and can apply -more
force with the: pteferted hand or foot: On the other hand
‘some right<hand manipulations could create difficulties
for a left-handed operator, in which case the control
selection and/or location should be made that provides
the least degradation for either left or right~handed
operator. -

-d; Manipulatory characteristics of candidate control devices|
shall be compatible with operacor biomechanical charac-
teristics and llmxtatlons, L.e., "natural” musculoskeleta
mot1ons, excursions, precision and strength factors shall
be considered in choosing the particular control device
and locat1ng it with respect to the operator,

5 4 1.-.3 Envxronmental and Physlcal Constraxnts - Where app11c—

g




Table

-~ Control Selection Criteria

CONTRUL

FUMTION Tcegle Push Sar Fouad Thumte
Switch | Button Kno> Andb weeel D

Thuzb

wneel C.| STANK

Regknr
itk

Lever

Joystick
/a1

Select systee power atale SHN-OFF 3 3 3

2-State {CHF-STBY-UNG 4

Select between OFF/Prife Mode/
Secerary Modeis)

Select-one-or mors of K related
furttions

Sele.s one of N-mutually exclusive
functiidng any-orcer

Select one-of 3-2% dizcrate
alternatives - seguential ordur

Sele¢t digit -~ discreve

Set value on ~-continuous sCaie 1

Select salue in = gizcrete sicps 3 1 H

Select ¢persting concitton ] 1 2

Fater alpha-nuseric d3ta

Initiate test sublusncticn 1 H 3
izocentary) _

instiate directisnal -function 1 2 3
_ Muitiple

1
Maltiple

Cenerate stepping lepulse 1 1
womentary Holdj

Zled counters or other fiumerid . !
dout 1 1 Fate
his fentrol

Manual
only

Beset méchanicel tcunter, saniel 1 3

Iaterrupt. count-dcun_séduence - 2
“rolg”

trgage - D!unéu mecha.cal
function

2cjust-lignt level, zont. H

Asjust-sourd Jevel, cont. 1

s [
Coarse sgjuztment “Toal}
_ - isx,

Seall

ton

Fine 3djustment Large
_ _ Dlae.

2
Large
Motion

Adjust to null posilion ¥

single-cocrdinate tracxing 3

TwGecoordinate trasking ‘

® Lever for neavy duty fower circults,
® Only $f-3equential selection I3 acceptadie.

(1 = Most preferred, 3 = least preferred)
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. ‘Operation under variable g-loading on the operator.

‘Mobility constraints of special clothing, e.g., pressure .
garments, glovés and mittens, and/cr special restraint

systems, e.g., seat belts, electrical and life support
leads and connections.

The degrading =2ffects of expected environments such as
acceleration/deceleration, vibration, extreme cold or hea

How- the operator is supported anc/or anchored, i.e., in

order to apply required force, to maintain a given
control contact for the required duratlon, and/or to have

sufficient stability to perform a jprecise manipulation.

5.4.1.1.4 Standard Practice - Unless specified elsewhere in this
standard or other gov verument standards and spec1f1cat1ons, and/or
demonstrable improvement in operator performance is shown by
alternate concepts, standard practice relative to certain control-
function utilization shall be as follows:

a.

Two-dimensional vehicle steering shall be by -means of a
steering wheel.

Three=dimensional vehicle steerxng/attxtude control shallr

be by means of a 1oyst1ck or combination joystick wheel,
and rudder pedals. -

Primary vehicular braking shall be by means of a foot

=pedal(s)

‘Primary automotive acceleration shall be by means of a
foot -pedal.

To preclude freakish designs that
could result in oycratot confusion.
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e. Axrcraft throttle functlons shall be controlled b& means
of manually-operated levers.

f. Automotive transmission gear position selectxon shall
be by means- of a lever.

g. Continuous-adjustment, panel control functions shall be
by means of rotary controls.

h. Discrete multi-position-selection -panel control functions
shall be by means of rotary selector switches, push
buttons or mechanically déetented levers.-

i. Multi-axis, console-type tracking function control shall
be by means of joystick, track-ball and/or handcranks

j. Valve control functions shall be controlled by means of
rotary knobs or T-handles. Valves shall have -the word
VALVE in their labels.

2 k. Simple two-position, panel control functions shall be
: accomplished by .means of toggle push button, Tocker or
slide switches.

5.4.1.1.5 Control Accessibility - -All controls shall be
located within reach of the operator considering the follow-
ing factors: - )

a. Operators with the shortest arm and leg reach: (e B
5th percentile).

b. Direct acceszs without making ‘awkward extensions around
intervening obstacles.

c. Accessibleé without assuming awkward body positions, and
br disturbing critical eye reference requirements.

d. Convenient for the nature 6f the control movements re-
quired. -

By
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€.

body, or a forward panel or structure that could be struck

ment of the leg in operating a: foot control.
iWote: Refer to NASA Reference Publication 1024 for appro-

Compatible with potentially restricting elements within
the operating envelope i.e., seat back or side structure
that preventsthe operator from bending an arm or leg

as necessary to manipulate a control close to his or her

by the knee and thus prevent or disturb the normal move-

priate reach limits of specified user population.

E
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MF1 COMMENTS

5.4.1.2 Direction uf ilovement -

5.4.1.2.1 Consistency of Movement - Controls shall bs seiected so that
the direction of movements of the contro!} will be censistent 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 or sgueezing 2 centrol shali turn the eguipment
or component.cn, cause the quantity to increase, or cause the equicment
or component tc move forwerd, ciockwise, o the right, or up. VYalwe
controls are excepted {see 5.4.1.2.4).

£.4.1.2.2 Fultidimensiona: Loaration - Wnen ‘the vehicle, the equipment,
or the components are capzbie of motion in moré than two dimencions,
exception to 5.3.1.2.1 <shall bo made if necessary to-ensur2 consistency
of anticipzied responsc [e.7., forwerd moticn of a directional zontrol
ceuses some vehicles to cive or otherwise descend rather than to simply
move Torward)  When severel controls are combined in one control davice,
caution srall be cxerciced to avoid conflicts {e.g5., control motion to
the right is compatibie with clockwise roll, right tern, and direct move-
ment 10 the right).

5.4.1.2.3 Cperator-zonirsi Orientaticn - Contrels chall he orienced
with recpect to the 2pereor. where the 0perator o3y usd two or mors
vehicle operator stations, the controls shali cause movement crientec
to the operator at the affesting steticn, unless remate visual refer-
ence {s used.

5.4.1.2.4 YValve Controis - Rutary valve controls should open the valve
with 2 counterclockwise motion. Valve controls shall be provided with
double-ended arrows showing the direction-of operations and appropriateiy

labelec at eich end to indic2ic the functional result (2.9.., open and
close).

Although there is no argument with
what is here, we feel that z number
of contingencies relative to a
broader rznge of application shonld
be addressed. A slight cirle
change also seems tvo be in order
since wore than direction of

motion is discussed.

e

U oy o
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5.4.1.2 Control Movement Characteristics

5.4.1.2 1 Direction of Morion Expectancy ~ Expected control-
system motion relationsnips shall Dbe oSserved in tha design,
selection and/oxr arrangement and positioning of controls.
Among these are the following:

a.

b..

e.

Rotary controls are exzected to rotate clockwise to
effect an increasing function. (See (c).)

& lever is expected to move forward, up or to the right
tor an increasing function, but up or aft to apply a
braking action.

A rotary valve counirol is expected to rotate counter-—
clockwise to increase line flow, =.g., 11qu1d flow. A
double-ended arrow labeled OPEN in the CCW directien
and CLOSE in the CW direction shall be used to identify
mevement relatioanships.

An accelerator pedal is expected to be depressed to
increase speed of a vehicle.

A brake pedal is expected t> be depressed to cause
braking.

5.4.1.2.2 Contro}—Digplax,Motiqh -~ (See 5.1.3.3)

5.4.1.2.3 Control=Device Motion — When a control effects the
movement cf some appended device directly observable by the
ope*ator"e g., wzndca windshiela wiper, remotely-controlled
object such as a crane boom and tackle or hook; remote manipulator,
etc.), the motion of the control and ‘the controllad object shall
be similar.

5.4.1.2.4 Control-Vehicle Motion Relationships - (See 5.1.5.3.3)

We feel it is important to cover
the several contingeacies that
must be addressed in cons1€er1ng
coitrol direction and especlallv
wih respect to variations that
occur with a variety of zpplica~
tions. These are addressed in

a wide variety ¢f handbooks and
special reports, but seldom dees

& particular reference cover all
contingencies. The recommenda-
tions hopefully are morz compre-
hensive. In addition, accepted
conventions are ident IIEd to pre-
clude "odd 11ventzons by sone
desigrer who is trying to be
different. A recent MFI study of
driver control operation expectancies
provides ev1dence to support these
control motion principles.

(DOT HS-803-456).
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5.4.1.2 5 Other Control-System Motion Relationships - When an
operator 1is not oriented in. direct re ationsaip to the normal
forward direction or a vehicle or system, controls should be

arranged and operate normal to :the operator's orientation, i.e,.
regardless ¢f the fact that the operator may face 90 or 180 de=
grees from the forward oricatation of the system, his controls
shall be oriented as if the vehicle -or system were headed the
same direction as the operatot.,

1

Ref: Morgan, Human Engineerin
Guide to Equipment Design,
763, pp. 355-351- T
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MF1 COMMENTS

'5.4.1.3 Arrangement and Grouping -

5.4.1.3.1 Grouping - A1l controls which have sequential relations,
which-have to do with a particular function of operation, or which are
operated together, shall be grouped together along with their associated
displays. When several steps of a sequence are combined nn one control,
thé control movements required shall be minimized and the systems shall
not be cycled ON/OFF or through operational modes uanecessarily.

5.4.1.3.2 Sequential Operation - Where sequential operations follow a
fixed pattern, controls shall be arranged to facilitate operation (e.q.,
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 fre-
quently used controis 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, unit, or vehicle.

5.4.1.3.5 Pemote Controis - Where controls are operated at 4 pasition
remote from the display, equipment, or vehicle controlled, contro)
arrangement shall: be established to facilitate direction-of-movement
‘consistery. The observed result and -not the effecting mode shall be
-considered.

5:4.1:3.6 Maintenance and Adjustment - In general, controls used solely
for -maintenance and adjustment and referred to infrequently shall be
covered- during -normal equipment operation, but shall be readily acces-
sible and visible to the maintenance technician when required.

‘5.43J;3.7 Spacing - Minimum spacing between contrc's shail comply with
Table VII.

Should start with "primary controls".

[ S o SV N G

7




1

&
4 N
-

I
.

TABLE VII. MINIMUM SEPARATION DISTANCES FOR CONTROLS

CONTINUOUS ROTARY DISCRETE
TOGGLE *PUSH: ROTARY SELECTOR THUMBWHEEL

SWITCHES BUTTONS CONTROLS SWITCHES CONTROLS
TOGGLE
SWITCHES SEEFIG11 | 057013 mm) | 0.75”(19 mm) 0.75"(19 mm) | 0.5"{13 mm)
*PUSHBUTTONS 0.5"(13mm) | SEEFIG.9 | 0.5”(13 mm) 0.5"(13mm) | 0,5”(13 mm)
CONTINUOUS
ROTARY
CONTROLS 0.75"(19mm) | 0.5"(13 mm) SEE FIG 6 1.0"(25 mm) | 0.75"(19 mm)
ROTARY
SELECTOR
SWITCHES 0.75"(19 mm)] 0.5”(13mm) | 1.0”(25 mm) SEEFIG3 | 0.75"(19 mm)
DISCRETE
THUMBWHEEL
CONTROLS 0.5"(13 mm} | 0.5"(12mm) { 0.75"(19 mm) 0.75"(19mm) | SEEFIG S

*For pushbuttons not separated by barriers

All values are for one hand operation. Distances zre measured in
inches and are measured from edge-to edge of each control.
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B MFl RECOMMENDED MODIFICATION RATIONALE/REFERENCES
5.4.1.3 Arrangement and Grouping 7 7
5.4.1.3.1 Primary Controls - The most important andrfrequently— This ¥s first priority.

used controls shall have the most favorable positions with respect
to convenience and ease of use from the specified operator posi-
-£ion.

5.4.1.3.2 Eunhctional Grouping - Controls that are related by
function and/or sequence of usé shall be grouped together along
with their associated displays. When several steps of a sequence
are combined in one control, the control movements required shall
be minimized and the systems shall not be cycled ON/OFF, or
through operational modes unnecessarily. 0dd (unrelated control
functions) shall not be interspersed within the spatial confines
of a group of functionally-related controls.

5.4.1.3.3 Sequential Operation —[ﬁse original material from
par. 5.4.1.3°2]

5.4.1.3.4 Emergency Controls - Emergency functicn controls shall
be located where they can be identified and reached with a minimum
loss of time. HMHowvever, their location shall not be such that
accidental use or inadvertent contact could result in serious
system malfunction and/or ultimate injury to personnel.

5.4.1.3.5_ Remote Councrols ~[Use original material from par.
5.4.1.3.5.) '

5.4.1.3.6 Consistency - When functionally similar control inter-
faces appear in more than one operator station within the same

or similat systems, control locations and arrangements should
also be the same or at least similar.

5.4.1.3.7 Spacing f[bse original material f m par. 5.4.1.3.732 .

5.4.1.3.8 Maintenance and Adjustment - |Use original material
from par. 5.4.1.3.6 -




-*For pushbuttons Aot separated by barriers

*Note change

TABLE VII. MINIMUM SEPARATION DISTANCES FOR PANEL-MOUNTED CONTROLS
- CONTINUOUS ROTARY OISCRETE
TOGGLE *PUSH: ROTARY SELECTOR | THUMBWHEEL
SWITCHES | BUTTONS CONTROLS SWITCHES CONTROLS
TOGGLE ’ o
- SWITCHES See Table | 0.5"(13mm) | 0.757(19 mm) 0.75"(19 mm) | 0.5"(33 fom)
| +PUSHBUTTONS | 0.5"(13mm) [See Table | 0.5%(13mm) .5"13mm) | 0.5"(13 mm)
|- conTInUOUS ’ ‘
"ROTARY : 3
CONTROLS | 075"(19mm) | 0.5"(13mm) | SEEFIGE | 1.0"(25mm) | 0.75"(19 mm)
|:ROTARY . . ) -
SELECTOR _ -
SWITCHES 0.75"(19 mm)| 05"(13mm} [ 1:0"{25mml 0.5 (13mm) 0.75"(19 mm)
' DISCRETE 7 : ‘
“ THUMBWHEEL i ] 1 -
-CONTROLS . 05"(13mm) | 0.5"(13mm} | 0.75"(19 mm) 0.75"{19 mm) | SEEFIGS

All values are for one -hand opgfation. Distances are measured
in. inches and are measured at the closest point of approach for

each pair of controls as they are moved throughout their entire
range of movement.
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5.4.1.4 Coding -

5.4:1.4.1 Methods and Requirements - The selection of a coding mode
(e.g., size and color) for a particuiar application shall be determined
by the relative advantages and disadvantages for each type of coding. -
Where coding. is selected for the purpose of differentiating among con-
trols, aoplication of the code sh&ll be uniform throughout the system.
(See Table VIIi for advantages and disadvantages.)

5.4.1.4.2 Location-Coding - Controls associated with similar functions
should be in the seme reiative location from panel to panel.

5.4.1.4.3 Size-Coding - No more than three different sizes of controls
shall be used in coding controls for discrimination by absolute size.
Controls used for performing the same function on differeat items or
equipment shall. be the same size. )

5.4.1.4.4 Shape-Coding - Contro} shapes shall be both visually and
tactually identifiable and shall be designad to be free of sharp edges.

5.4.1.4.5 Color=Coding -
5.4.1.4.5.1 Choice of Colors - Controls shail be black (17038) or

gray (26231). 17 coior coging is required, only the following-colors
identified in FED-S7D-595 shall be selected for control coding.

a. Red, 11105, 21105

b. Green, 14187, 24187

¢. Orange-Yellow, 13538, 23533
d. White, 17875, 27875

_e. Blue, 15123 or 25123, shail be used if an additionzl color is
absolutely necessary.

MF1 COMMENTS

"Workstation-to-workstation also.

Last sertence; regulresient not
always practical. Size vs manip-
ulabilit; is ignoréd.

Insufficient guidance.
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TABLE VIIl. ADVANTAGES AND DISADVANTAGES OF VARIOUS TYPES OF CODING

TYPC OF CODING

MODE OF
ADVANTAGES LOCATION SHAPE SIZE OPERATION LABELING COLOR
Improves visual identfication. X X X X X
Improves nonvisual identiticaticn X X X X
{tactua! and kinestheticl,
Helps standatdization, X X X X X X
Anls identification under fow levels X X X b {When trans- {When tranms.
of slluminatien and colared lighting, illuminated} luminated)
sAay aid in identifying control poss- X X X
tion (settings),
Requires little {if any} training; X
is not subject to forgetting.
DISADVANTAGES
May require extra space, X X X X X
Atfects masipulation of the control X X X X
{ense vf usa).
Limited in number of availsble X X X X X
coding categories,
May be less etfective if operator X X X
wesrs gloves.
Controls must be viewed (i.e., must X X
. bewithin visusl aress snd with
adequste iliymination present},

|
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ME1 COMMENTS

5.4.1.4.5.2 Immediate Action Controls - -Color coding of imnedjate action
contrels for aircraft shall conform to MIL-M-18012.

5.4.1.4.5.3 Relation to Display - ‘then color-coding must be used to
relate 2 control to its corresponding display, the same color shall be
used for both the control and the display.

5.4,1.4.5.4 Contro] Panei 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-zoding Exclusion - Prior to
selection of color code, consideration shall be given to anticipated
ambient lighting coordination throughout the mission. Color-coding
shall not be used as a primary identification medium if the spectral
characteristics of ambient 1ight during the mission, or the operator's
adaptation to that light, varies as the result of such factors as sular
glare, filtration of light, and variation from natyral 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
criteriea in paragraph 5.5.

5.4.1.6 Compatibility with Handwear - Controls shall be compatible
with handwear to be utilized 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 “blind” operation is necessary, hand

-controls shall be shape-coded, or separated from adjacent controis by

2t least 5 inches (125 nm).

5.4.1.8 ?revention of Accidental Activation -

5.4.1.8:1 Location and Design - Controls shall be designed and located

so that they are not susceptible to being moved accidentally. Particular
attention shall be aiven to critical controls whose inadvertent operation-
might cause damage Lo equipment, injury to personnel or degradaticn of
system functions.

S
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.4.1.8.2 JInternal Controls - Internal or hidden controls shoyid be
protected, because i1t 1s usvally not obvious that such controls have
been disturbed ¢nd it may be difficult and time consuming to locate and
readjust them.

5.4.1.8.3 Rapjd Operation - Any method of protecting a control from in-
advertent operation shall not preclude its being operated within the
time required.

5.4.1.8.4 Methods - For situations in which controls must be protected
from accidental activation, one or more of the following methods, as
applicable,-shall be used:

a. Locate and orient the controls so that the operator is
not T1ikely to strike or move them accidentally in the normai sequence
of control movements.

b. Recess, shield, or othervise 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 ijock wire shali not
be used.

d. Provide the controls with interlocks s¢ that extra movement
{e.q., 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 inertie) so that definite or sustained
effort is required for actuation.

f. Provide the controls with & lock to prevent the control from
.passing through a position without delay when strict sequential acti-
vation is necessary (i.e., the control mcved only to the next positicn,
then delayed).

g. Design the controls for operation by rotary action.
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.4.1.8.5 Dead Man Controls - "Dead man" controls, which will result
in system shut-down to a non-critical operating state when force is
removed, shall be utilized wherever Operator incapacity can produce a
critical system condition.

Y
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MFI RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

5.4.1.4 Coding

S.4.1.4.1 Methods and Requirements - Use original material from
par. 5.4.1.4.1°

5.4.1.4.2 Location Codinﬁ - Controls associated with similar
functions should be placed in the same relative location from
operator workstation to workstation and/or panel to panel.

5.6.1:4.3 Size Codiag - Control size should generally not be used
as a coding dimension, If it is used no more than three different
sizés should be considered. Size coding shall not be used if the
extremes are incompatible with the manipulation requirements of
any particular control (i.e., the size is too small or too large
for efficient manipulation of the control device).

5:4.1.4.4 Shape Coding - Primary use of shape coding for controls.

is for identification of control knobs or handles by "feel".
However, shapes shall be identifiable both visually and tactually,
When shape coding is used, the coded feature shall not interfere
with ‘the ease of control manipulation. Shapes shall be equally
identifiable regardless of the position of the control knob -or
handle, i.e., if the knob or handle is rotated, the code shall
still be recognizeable by feel. Shape as a coding parameter shall
be used only after considering the following:

a. Proposed shapes are identifiable when gloves are worn.

‘b. There are a sufficient number of identifiable shapes to
cover the expected number of controls that require
tactual identification.

¢. The particular control knobs or handles to be shape-
coded lend themselves to positive, non-reversable
attachment, i.e., when a replacement is required, it
is- impossible to attach the new knob in an orientation
that may obscure or confuse the operator.

Added considerations based on
professional judgment.
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TABLE VHI. ADVANTAGES AND DISADVANTAGES OF VARIOUS TYPES OF CODING
T o ) TYPE OF CODING -
7 "MODE OF )
ADVANTAGES ,LOQQTION SHAPE Sz _OPERATION LABELING _COLOR
Improves visﬁ_'al identification. 7 x X x N X - X
Improves nonvisual identification ’ X- X X x
-{tactual and kinesthetic).
Helps standardization. X X X X X X
Aifs identiiication under Inw levels X x ’ x X {When tears. {When trans-
of illumination and zolored Ighting. - ifuminated! iifuminatec)
May aid in identifying control posi- } 4 X X
tion (settinm). - . B
Reguires tittle [if any} training; X.
& not gafb*!ict to forgetting. -
~ DISADVANTAGES o o
May 16q;:jil extra space, X X 7 X X X -
Atfects maniputation of the control X X x X
{ense uf use). i E
Limited it number of avsilsble x X x ’ - - X X
ooding eategories. =
May be is eHective if operator x ’ x ) x
woers gloves. x
Controk mist be viewsd [i.e., must : : x x
be within visus! arees snd with .
: sdequate ituminerion prsentl I i
) - 112
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MF1 RECOMMENDED MODIF ICATION

RATIONALE/REFERENCES

5.4.1.6.5 Co1or Coding - Basic colors for pdnel controls are
either black 23[76335 ‘or gray (#26231)*. If color codlng is used
over and above -these basic colors, the following shall be used:
(#MIL-STD-595)

a. RED, 11i05 (gloss) or 21105 (semi-gloss)

b. GREEN, 14187 (gloss) or Z4187 (semi-gloss)

c. ORANGE-YELLOW, 13528 (gloss) or 23538 (semi-gloss)

d. WHITE, 17875 (gloss) or 27875 (semi-gloss)
e. BLUE, 15123 (gloss) or 25123 (semi-gloss), shall be
used if an additional color is requirad.

Note: 'When FED Supply, Class 5355, plastic control knobs and
coded caps are used for electronic equipment applications, refer
to MS 91:528 for shape and color code spec1f1cat10ns- When color
coding is used for "immediate action" aircraft controls, these
shall conform to MIL-M018§012.

5.4.1.4.6 Relatlon ‘te Dlsplay —Ibse original material from par.
5.4.1.4.5.3.T

5.4.1.4.7 Control—Panel Contrast -~ Controls shall be of a con-
trastiug color Lrom the panel on which- they are ‘mounted. Colors
shall conform to cr;terxa in 5.7.9.

5. 4.1.4.8 Antient Lighting and Color-codin ng Exclusxcn - fbse
origina} material from par. 5.4.1.4. 2.0

5.4:1. 5] Labellqg of Controls - [Use original material Erom par.
5:4.1.5

5.4.1.6 Blind Operat10n ~ Whera "biind"” Feach is necessary, hand
controls shall be separated Erom adjacent controls by at least

5 inches (12.7 cm) and/or if separation is not practical, control
knobs or ‘handles shall be shape coded

Changes & "Note" ellminates
an unnecessary conflict with
MIL-M-18012.

- (5.7.9 Original)

Provides an alternative.
Ref: Morgan, Human Engineering
Guide to Equipment esign,

783, . 7.




MFI RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

.1.7 Prevention of Accidental Activation - [hse original
aterial Trom par. 5.4.1.8 through 5.4.1.8.3.]

s

..7.1 Methods - [ﬁse all original materials in paragraph

8.4 with the exception of (f). Modify (f) as follous:}

(f) Provide the control with z mechanical or time lozk
system to prevent the control from passing through a
position without a "delay", whenever strict sequential
positioning of the control is absolutely necessary (i.e..

the control can only move to a "next position"” after a
delay).

Dead Man Controls - [Use original material from par.

-1.9 Compazibili-zy with Handware - [Use original material
2 5.4 T 8T — [

4
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ORIGINAL REQUIREMENT

MFI COMMENTS

5.4.2 %mwcvaS-

5.4,2.1 Discrete;Rotaty Controls -

5.4.2.1.1 Selector Rotary Switches -

5.4.2.1.1.1 Application - Ratary selector switches ¢ho id Le used for
discrete fuaction when three or more detented positions are required.
Rotary selector switches should not be used for a two-position fuaction
unless ready visual identification of control position is of primary
impartance and speed of control oneration is not critical.

5.4.2.1.1.2 Moving Pointer - Rotary selector switches should be designed.
with 2 moving pointe: and a fixed scale.

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

5.4.2.1.1.4 Positions - A rotary selecter switch which is not visibie
to the opera*cr during nnrmal system operation shall have no more than
12 positions and rotary selector switches *that are constantly visible
to the operator shall have not more than 24 positions. In addition,
the following criteria shall apply:

4. Where possible, rotary switch positions shall not e placed
directly opposite each other, in order to reduce confusion as to which
end of the knob is the pointer

b. Stops shail be provided at the beginning eand end of the -range
of control pasitions if the switch is not required to be operated beyond
the end positions -or specified limits.

¢. The switch resistdnce shall bz elastic, building up, then
decreasing as each position is approached, so that the-control snaps
inta position without stopping between adjacent positions.

A slight rewording is required
ince tha justification (last
sentence) is weak and probably

indefensible.

The remaining subparagraphs need
amplification and in some instances
requirements modified vo make them
more broadly applicable and/or

justifiable,

Fig 4 cieates apparent conflicis
with other specs and in addition
does nol assist reader relative tc
visualizing criteria (in table)

application.
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.4.2.1.1.5 -Contrast - A reference line shail be provided on rotary
switch controls. This line shedl have at least 50 percent contrast
with the contro)l color under a1 lighting conditions.

5.4.2.1.1.6 Parallax - The knob pointer shall be mounted sufficiently
close to its scale to miniwmize parallax between the pointer and the
scale markings. HWhen viewed from the normal operator's position, the
parazilax error shall not exceed 25% of the distance between scale
markings.

5.4.2.1.1.7 Dimensions, Resistance, Displacement, and Separation -
Control dimensions, resistance, displacement, and separation between
adjacent edges of areas swept by rotary selector switches should con-
form to the criteria in Figure 3.
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DIMENSIONS _ RESISTANCE
L . w [+
. Length ! Width Depth
' -
Mintmum 1.0" {25mm) i i 0.625" (16mmn} 1.0 inJb_(113mN-in}
Moximum 4.0” {100mnm} } 1.0” (251nm) ! 3.0” {75mm) 8.0 .o (678mN-m)
- i DISPLACEMENT SEPARATION
A .
One-Hond Two-Hond
* ¥ b Rondoem Operolion
r— -]
Minimum 15 deg 30 deg 1.0” (25mm) 3.0” {(75mm) %
Maximum 40 deg 90 deg . .
Preferad ! . 20" (50mm) 5.0" (125mm) t
*For_facilitating performance
] **When special engineering requirerents demand farge separation,
‘i Fig:re 3. ROTARY SELECTOR SWITCH
b, ]
T g .
:
i
b
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MFI RECOMMENZED MOD]FICAT!ON RAE!ONALE/REFERENCES
5.4.2 Rotary Controls Ref: Wob&son and Coﬁover, Human

5.4.2.1
5.4.2.1.1

Discrete Rotary Controls

Rotary Selector Switches

5.4.2.1.1.1 Application - Rotary selector switches may be used
when an operator needs to select from among a number of generally
related functions and/or values for a specific function, A twe-
position rotary selector switch ordinarily should -not be used if
very rapid two-position- or function selection is necessary, i.e.
there are other more appropriate conttol configurations for rapld
operation of eithker-or selector operations.

5.4,2.1.1.2 Positive Detents - Rotary selector switches shall
have mechanical detents so that the switch knob cannot be posi-
tioned in=between nominal switch positiuns.

5.4,2.1.1.3 Number of Switch Positions ~ No more than 24 switch
positions should ever be used, "and a maximum of 12 is preferable.
If the application involves use of the switch without benefit of
visual reference, no more tham 5 positions should be used, and
these should be located in the upper half of the switch circum-
ference (positions being approximately 30-degrees apart). Unless
the switching mode specifically involves multi-rotation, "stops"

shall be provided at thé beginning and end of the range of control|

positions. Recommended sw1rch~sett1ng parameters are provided

in Table .

5.4.2.1.1.4 Torque for Actuation = Rotary switch torque requlre—
ments shall be compatible with- the size of control knob associated
with it, i.e., miniaturized switches w1th ‘knob diameters «of 1.0
inch or less (2.54 cm) should not require a torque -greater than
2.0 in. lbs. (226 mN m) to rotate the knob. Medium-sized knobs
(e.g., I-2 inch (2.54=5:1 cm diam.) should not require torque
greater than 6.0 in lbs. (678 mN m). -And larger knobs' (e.g.y
diameters 3 inches (7.6 -cm) or greater) should not require torque

Engineering Guide for Equipment
Designers, 1966, Ch. 2.

"Should" to "may" There are other

ways to "select"

P

\i

L

If operator reaches blindly for bar
knob and needs o ‘know what position
it is on, 12 or 24 positions are

too many..

The torque requlrements are placel
here instead of in the "new table"

The torque requirements. are broken

1 into threé levels and made "should”,

‘to keep from creating -unhecessary
conflicts. (Note: Most values are
from original, However some are

greater than 10.0 in. 1bs. (1.13 Nm) from AFSC DH 1-3 or extrapolaticdns /
- therefrom-
TN TE T Comi S B K =L -
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KNOB DETENTS PLACEMENT FOR TACTUAL, POSITIONING

RECOMMENDED RECOMMENDRED RECOMMENDED STARTING POSITION
TOTAL ANGULAR RADIUS SOR {DEGREES)

N0. OF | DISPLACEMENT [1/2" SEPARATION | RIGHT-HAND | LEFT-HAND | EITHER

SETTINGS (DEGREES) { [NCHES) OPERATION | OPERATION HAND

3 40.00 0.716 264,00 16.00 320.00

4 38.57 0.743 253.29 351.00 | 302.14

5 37.24 0.769 263.21 327.73 285.52

6 36.00 0.796 234.00 306.00 207.00

34.84 9.8z2 225.29 285,67 255.48

8 33.75 0.849 2:7.13 266.62 241.87

9 32.73 0.875 209. 45 248.71 229.08

10, 31.7 0.902 202.22 231.85 | 217.03

1 30.86 0.928 195, 42 215.98  |205.70
12 30.00 0.955 180,270 0,90 or |0 or 180

N or 360 80 -

Note: New table adapted from Table IIT of MIL-C-81774A.
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MF1 RECCMMENDED MODIFICATION

~ RATIONALE/REFERENCES

5.4.2.1.1.5 Knob Shape - Bar- or bar/pointer-shaped knobs shall
be used with Totary selector switches so that an operator can tell
which way the knob is pointing, and can quickly differentiate a
selector function from a continuously-adjustable control function
(see par. 5.4.2.2). A white reference line shall be inscribed on
the face of the knob, the line running from approximately the

mid point of the knob to the pointing edge. The pointing end of
the knob should also be tapered so that the pointing end is easily
differentiated from the non-pointing end, and also so tliat the
reference mark can be 'followed" (visually) to a point adjacent

to a reference mark or numeral on the interfacing panel. Contrast
between the reference mark and its knob background shall be at
least 50 percent.

5.4.2.1.1.6- Blind Positioning - When an application requires the
operator to judge pointer position without benefit of visual ref-
erence, the sides of the knob (except for :the tapered end) shall
be parallel. 1If additional shape coding is required, the code
shall be applied as an extra cap, i.e., the shape code shall not
interfere with the general shape objectives noted above.

5.4.2.1.1.7° Dimensions, Displacement and Separation - Knob
dimensions, switch displacement and control separation shalil
conform to criteria in Table _ and. Figure .

5.4.2.1.1.8 Knob Mounting = Rotary selector knobs shall be
mounted so tha* the reference mark is sufficiently close to the
reference pancl markings. s¢ that visual parallax is minimized.
When viewed from the normal operator's position, the parallax
error shall not exceed 25 percent of the distance between scale
matkings. Rotary selector -knob attachmenit shall preclude the
possibility of the knob slipping on the shaft, and/or the Knob
being replaced with the pointing end opposite from its correct
position.

5.4.2.1.1.9 Open-Window, Skirted Knobs - Special knob designs
consisting of a bar-type knob and open-window skirt mey be used
for applications. in which visual confusion may be reduced by

exposing only one number of a scale at a time (see Table. ~ ).

Ref: Woodson and Conover, Human
-Engineering Guide for Equipme

nt

Designers, 1966, p. 2-106.

This is to clarify a conflict with

the "parallel side' criteria we
have,

This is new - required to cover a

device currently in-use.

11"
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APPLICATION CRITERIA

ok e — o ——
.

DESIGN- CRITERIA

= , N DINENSIONS DISPLACEMENT SEPARATIC"
PREFERRED FOR ACCURATE IDINTIF, OF Loz 1.8 Wer 005" IM = 0.625"  [HMIN = 1§"; MIN FOR | SEE Fic.
KNOB-POSITION BY FEEL. FOL USE ON | (3.8 CM) 1,27 cHY €1.59 <M) BLIND-POS'N 1D =
ELECTRONIC, AIRCRAFT, AUTOMOTIVE, 70 0 T0 30 ULTAYNED.: OP*
ETC. CONTROL PANELS WiLRE wigH Fizct] &.ov 1.0m -3.0m o oLt 0PN
SWITCHES ARE WOT REQUIRED. SKIRT (10,36 CH) | (256 C&) | (7.6 cmy (IWD HANDS) ADT 1.0
OPTIONAL, IF GLOVES €2.58 Cm) 3,57 (1.2
YE €
SWITCH RESISTANCE APPROX. MAX: :gg :°:3' M3 FOR GLOvES.
Lz 1 5%z 1.0 IN-LB 70,13 Nem)
Loz 2,0% 2 3.0 IN-LE (.3 Nem)
L2 4.0" x 6.0 IN-LE (0.(8 Num)
ACCEPTABLE ABOVE CRITERIA APPLICABLE | SEE ABOVE SEE rBOVE  [se€ aBove | see asove SEE ABOVE
AS LONG AS KNOE POSINS REMAIN IN -
UPPER- 160° HEMISPHERE ;
1
Y R rl . —
(AY EXTENDED TAIL MELFFUL FOR MIGHER
TORQUE. USE ONLY WHEN POINTER .
MARKING CLEARLY VISIBLE, - 1
ACCEPTABLE ALTERNATIVE TO A ABOVE. SEE ABOVE  ISEE ABOVE SEE ABOVE -SEE ABOVE SEE ABOVE
- T S T — e —— —
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Table - Rotary Selector Controls (Continued)
. N OCSIGN CRITFRIA }
APPLICATION CRITERIA -
) DIMENS 1ONS DISPLACEMINT SFPARATION
ACCEPTABLE ALTERNATIVE 10 A ABOVE  |o = MIN 1 | SEE aBovE | SEE ABOVE  [Sr€ amovr LEL AB0VE -
WHEN ONLY GROSS SEITING §5 REQUIRED | (2,54 CM)
(3 < [
pg ¢MAJOR NUMBERED POSH'S) DINER- SAME .
g AS A
o Ed
[lwfo] . i
i j
J}' :
1
ACCERTABLE ONLY FOR APFLICATIONS Loz RIN 0.75%| W = MIN 0.25" {x :mIN 0,5 EEE ABOVE 1.0" (2.5% tm3
wHERET DANCL SPACE 1S LIMITED, GLOVEY €1.9 CM) <e.sh cmy | (1.5 cm)
NOT wORle, SWITCHM RESISTANCE LESS B
b AN 6 INaB2 {087 Num)
I i
.‘u‘ I3 |
(ﬁi’ ) AL } '-
I t
W b '
L -
» ad
- SN
- FO% PLAVY OUTT, HiGM TORLJE SWITCMES) -
¥ EREFERRED b = -.625" L . MIN W07 e o g zevomIni MIN L, 10° END 10 END MASTLE
1.59 €M) (16,72 CH: (3.2 €M) SCPARSIION o 1.o™
10 IR
,l_ol'
12,56 €M)
i
i
ACTEPTABLE ALYERNATIVE b =-same Ly =-MIN 2.0 = SAME SAME SAMC

(5.1 cM)

) 119
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Table ______ - Rotary Selector Controls

‘(Continued)

© e c——

APPLICATICN- CRITERA

_ DESIGN CRITERIA

O {MENS [ONS

_ OISPLACEMENT SEPARATION
TACTILE CONTROL IDENTIFICAT 0N, D = MIN H oz MIN —_— NFA NIA
PREFERRED METHUD FOR anlaxy £0u- 3.630" 0,125
TROLS “1.6-CM) (0.32 )
7
[+]
fSEE M$ 91508 FOR CCOED CAP FORMS/ 0.75"
LOLORS) 1.9 €M)
TACTILE CAP FOR-ROVARY SELECTOR XNDB |SAME AS SAME AS
ABOVE ABOVE
L e
A2 .
Lt
‘ﬁt ."
:
3.
120
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Jdominal separation between moving-
scale knobs raquires only that there
is adequate physical seéparation be-
tween the knob skirts to prevent knob
wovement interference when the zero
cr referencing index is at the

12 o'clock position.

Separation between moving-scale knobs
that have the referencing index at
the 3 or 9 o'clock position should be
sufficient to insure that there is
not visual confusion regarding which
knob the index mark refers to. Mini-
mum should be about twice the nominal
character width.

Separation between moviang-pointer/
fixed=scale configurations should be
based on clear visual separation of
adjacent scale characters. The min=-
imum should be at least four charac-
ter widths. However, if the knob
length extends the full width of the
skirt and the handle is not tapered
at the pointing end, there should

be at least a 1.0-1nch (2.54 ca)
separation between %nobs when they
are end-to-end.

Sepatation between small, detented
knob configurations as shown should
be at least l.0-inch (2.54 cm) unless
there are adiace-t panel referencing
marks or characters, in which case
separation minimums should be estab-
lished on the basis of (¢) above, or
the l=inch criteria, whichever is
greater,

- Rotaking Knob Separation
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ORiGINAL REQUIREMENT

ME1 COMMENTS

5.4.2.1.2 Kev Qperated Switches {X0S) -

5.4.2.1.2.1 Application - KOS's are used 'to prevent unauthorized
operation. Ordinarily, they contrcl 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 4.

5.64.2.1.2.3 Qiher Requirements -

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

b. If keys have teeth on both edges, they should fit the lock
with either side up or forward.

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

d. Operators shouid no

mxily not be eble to remove the kev fron
the lock uniess the switch s

r
s turned OfF.

e. OH and OFF positions should be labeled.

-—

This section needs expansion te
cover other kinds of kev operations.
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DISPLACEMENT HEIGHT , !
Al {H) RESISTANCE |

MINIMUM 80° 0.5m. 1insib .
{13nm} {113mN'm} '

MAXIMUM 90° 3.0in. 6in-ib _
{75mm} (678mN"m}

Figure 4. KEY-OPERATED SWITCH =
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MF1 RECOMMENDED MODIF{CATION

RATIONALE/REFERENCES

5.4.2.1.2 Keylocks and Keylock Switches

5.4.2.1.2.¢F Kezlocks - Keylocks used solely ‘to LOCK and UNLOCK
vehicle doors an

cabinet doors,. covers and drawers shall conform to the followinz:

a.

5+4.2.1.2.2 Keylock Switches - Keylock switches used not only to
provide security (i.e,, Dy removing the kry) -but alsc to provide
ON-OFF or ignition functions shall conform to ‘the following:

~that the "flat”" edge of the key will ‘be on the bottom

to the operator, a single key and: identical locks shall

'operacor s key will not unlock these special locks.

tches, architectural doors, and/or equipment

Key position and motion relative to locking and unlocking
shall conform to criteria in Figure_ .

Key dimensions, separation and resistance shall conform
to criteria in F1gure

Reversible key designs should be -useéd, i.e., it is pre-
ferable to have keys that will operate the lock with
either side "up"”. If key designs ar2 used tha: have
teeth only on one side, the lock should be oriented so

to enter a vertical (lock) slot; -to -the right to enter
a horizontal (lcck) slot.

Lock systems used For vehicle exteriér doors shall be
designed so that the operator cannot inadverteatly lock
bimself/herself out of the vehicle.

Keylocks exposed to external weather conditions shall
be weatherproof, i.e. ; they shall not become inoperable
due to dirt accumulation or freeze due to moisture
collection and freezing temperatures.

When several keylock systems are requlted on the same
vehicle or equipment, and all locks -must be accessible

be used. On the other hand, when accéess to certain clo- |
sures should be limited to -people other than the oporatoq;
di fferpnt key/lock assemblies shall be -used, i.e., the

Title now covers non-electrical

keylock appllcaC1ons plus.
ignition key sw1;ches.

Reviewer ccnsensus and professional
judgment.

Ref: MIL-HDBK 759, p. 57.
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OTHER HANDLE SHAPE EXAMPLES; TOTAL SURFACE

HANDLE EDGE SEPARATION
WHEN KEYS AS SHOWN.

A B c S-Separation- Tzzgs:tgo veve

Minimum 0.875" 0,625" 0.875" 1.0" 1=in. 1b, .11
(2.2 em) (1.6 cm) (2.2 cm) (2.54 cm) (0.1 N-m)

‘Maximum *1,50" *1.,50" - 1.0" 6=in. 1lb., .68
(3.8 cm) (3.8 cm) ——— (2.54 cm). (0.7 N-m)

* Practical for carryidg key in pocket.
%** When locks are new.

-

Figure ____ < Keylock Criteria

AREA SHOULD APPROXTMATE THAT OF OVAL SHAPE.
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MF1 RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

a.

Key position and motion relative to locking, unlocking,
ignition, -etc. shall conform to cricteria in Figure .

Key dimensions, separatior. and resistance shall conform
to criteria 5.4.2.1.2.1 - b,

Key designs shall conform to criteria in 5.4.2.1.2.1 - 'c.

Keylock switches that will be used out of doors, shall be
weatherproofed to prevent failures due to dirt and
freezing.

An auditory signal shall be provided ‘for vehicle igni-
tion keylock systems, to advise the operator that the
key has been "left” in the ignition lock after the
engine has been shut off,

5.4.2.1.2.3 Color and Shape Coding - Color .and/or shape-coding
shall be considered as follows:

Color may be -used when it is desirabl: to aid in identi-~
fying various keys by function or -use location, and there
generally is rdequate illumination to differentiate the
colors. RED should be reserved for "emergency” func-
tions (FED=STD-595 # 11105 or # 21105).

Shape coding may be used when it is desircble to identifyz

a given key by "feel". When shape coding iz used, sharp
corners shall be avoided.

Size coding may also be used as long as no more than two
sizes are employed. The dimensions should reflect the
approximaté differences between minimums and maximums
shown in Figure

5.4.2.1,2°4 Marking and Labeling - Keylock switch applications

;h;%l include appropriate positional markings and labels (see
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PANEL~-MOUNTED SWITCHES

COWER ‘
OFf, 106K, ‘
KEYRE. fASE ~— l START i

-_ \“*\\‘
:
]
/

VEHLCLE ICGNITION

Notes: 1. Switchlocks should generally be oriented so that
the pivetal OFF key position is vertical and/or
forward (e.xz., horizontal pancl).

Lk e —

2. Key di=placement between functional positions
should be at least 10°. Mechanical detents should

preclude positioning the key in-betwsen designated
positions.

. 3. When only two Functional positions occur (i.e.,
‘ ON-OFF), digplacemgnt between the two positions f
shall be 90 (+ 107). :

4. Total displacement 05 multi~position keyswitches
i shall not exceed 1207,

i ' Figure - Keylock Swileh Criteria i
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MF1 COMMENTS

5.4.2.1.3 Thumbwheel Controls -

5.4.2.1.3.1 Application - Thumbwheel controls may be used if the -func-
tion requires a compact digita, control-input device {for a series -cf
nuambers) and a readout of these manual inputs for verification. The
us< of thumbwheels for any other purposes is discouraged. Thumbwheels
may se either discrete or continuous as applicable. Detent indexing
units should provide 10 positions (0 - §) in digital or binary (3 or

4 bits and complement) outputs,

5.4.2.1.3.2 Shape - Each position argund -the circumference of a discrete
thumbwheel shall have & slightly concave surface or shall be separated

by a high-friction area which is raised from the periphery of the thumb-
wheel. Continuous thumbwheels shal) employ high friction raised areas

to facilitate movement. The thumbwheels shall not preclude viewing the
digits within 30 degrees viewing ang¢le to the left and right of & per-
pendicular to the thumbwheel digits.

5.4.2.1.3.3 Coding - Thurbwheel controls may be coded by location, label-
ing, and color {e.g., reversing the colors of the least significant digit
wheel as on typical odcmeters). Uhere used &s input devices, thumbwheel
switch OFF or NORMAL positicns should be color coded to permit a visual
check that the digits have bteen reset to their normal position,

5.4.2.1.3.4 Direction of Movement - Direction of novement shail be
compatible with the criteria set forth in 5.1.3.12.

Since this subsection is under
selector controls, continuous
thumbwheels should be moved.

The illustration (Fig 5) should

be redrawn - the "views” do not
watch., We also disapgree with somg
of the criteria in the table

based on product acceptauce,
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ORTGINAL REQUIREMENT

MF1 COMMENTS

5.4.2.1.3.5 MNumerals -

§.4.2.1.3.5.1 Internal IHluminance - For .areas in which ambient illumi-
nation wi¥l provide display brightness below 1 ft-L (3.4 cd/ml), the
thumbwheel shall be internally illuminated. Digits shail appear as

illuminated characters on a black background, and their dimensions should
approximate the following:

2. Height: 1/4 inch (6.4 mn)
b. Height-to-Width Ratio: 3:2

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

5:4.2.1.3.5.2 External Iliuminance - In areas where amsient illumination
5111 Qrovide a display iuminance above 1 ft-L (3.4 cd/m ). internal
illumination is not réquired. Digits should be bold, black numerals
engreved on 2 light (or white) thumbwheel background. The dimensions
should approximate those specified in 5.4.2.1.2.5.1 except that the
height-to-stroke width ratio should be approximately 5:1.

5.4,2.1.3.5 Visibility - Thumbwheel design shall permit viewing of in-
line digitzl reed-out “rom all operator positions.

5.4.2.1.3.7 Dimensions - Control dimensions shall conform to the
criteria in Figure 5.

5.4.2.1.3.8 Resistance -

5.4.2.1.3.8.1 Discrete (Detented) Thumbwheel Controls - 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 adja-
cent detents. The resistance shall be within the Yimits indicated in
Figure 5. -




[-]

- ¥
D § L W * H (3
| TROUGH )
DIAMETER ; DISTANCE | WIOTH | DEPTH | SEPARATION | RESISTANCE
; -
MINIMUM 15m. 1 045in. | 0.1in. |0.125in.] 0.4 in. 6 oz
{38 mm} 11 mm) [3mm) | (3mm) {10 mm) (165 mN)
MAXIMUM : )
2.5in. l 0.75n. 0.5in. 200z
{65 mun} 19 mm} {13 mm) {550 mN)
i ___

Figure 5. DISCRETE THUMBWHEEL CONTROL
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ORTGINAL REQUIREMENT

MF1 COMMENTS

5.4.2.1.3.8.2 Continuous Thumbwheel Controls - Resistance shall be
provided so that definite sustained effort is required for actuation.
The resistance incorporated into continuous thumbwheel contreis shail
be within the following torque iimits:

a. Mipimum: Oetermined by jarring, vibration, or other
conditions; no practicel limit is set by
operator performance.

b, Maximum: 6 inch-ounces (42 moH-m).

5.4.2.1.3.9 Separatior - Centrol separaticn shall conform to the

criteria in Figure 5. TYhe separation between adjacent edges of thumb-
wheel controls shall, -« eny case, be sufficient to preciude eccidental

activation of adjacent controls during normal setting.

¥
H
i




MF1 RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

Color Coding - Thumbwheel controls may be coded by
‘means of color and/or contact (e.g:, dark vs light surfaces).

5.4.2.1.3 Thumbuheel Selector Swtiches

5.4.2.1..3.1 Use - Mechanically-detented thumbwheel countrols may
be used as an alternative rotary selector device when the applica-
tion will benefit from the compactness of such devices, and approp]
riate visual and/or audio feedback is provided. Examples include;
numeric thumbwheel reéadout device, discrete audio volume or panel
illumination level selector, etc.

5.4.2.1.3.2 Thumbwheel Orientation and Movement - Selector thumb-
wheels shall be oriented and move as indicated in Figure

5.4.2.1.3.3 Rim Tabs and Serrations —~ Raised. tabs and/or serrated
sections of the thimbwheel rim shall be provided to aid the op-
erator in identifying discrete positicns and movement of the con-
trol.

5.4.2.%.3.4 Dimensions, Separation and Torque -Requirements -
Control dimensions, separation and torque requirements shall con-
form to criteria in Figure Control resistance shakl be
elastic, -building up and then aecreasing as each detent 1is
approached so that the control “snaps” into positiou without
stopping between adjacent detents.

5.4.2.1.3.5 Labeling and Visibility - Marking and labeling of
thumbwhéel controls shall conform to requirements herein with ;
respect to visibility of markings and design -of numerals.

5.4.2.1.3.6 Illumination-{(Use origiual material from par.
5.4.2.1.3.5.1 (except for numeral ¢imensions).

5.4.2.1.3.7

Examples are; (a) reversing the colors of the least significant
digit wheel as on a typical odometer, (b) where used as an input
device, the thumbwheel switch OFF -or NORMAL positions may be
color coded to permit a visual check that the digits have been
reset to their normal value,

Ref: Van Cott, Human Engineering
Guide to Equipment Design,
1972, pp. 363-64. ;
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o 1 . s TORQUE
DIAMETER WIDTH DEPTH SEPARAT JON ACTUATION N
MINTHMUM 1.0 IN. 0.1 IN. {0.125 IN. 0.4 IN. 1.0 IN-LB
C2.54 CM) (0.3 CM) (.32 CM) (1.0 c™) (0.11 N'm) .
MAX-IMUM 3.0 IN. 0.5 IN. 3.0 iN-LB
77.62 CM) (1.3 CM) €0.34% N-m)
o |

i

FIGURE 5 - THUMBWHEEL SELECTOR CONTROL
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MF1 COMMENTS

5.4.2.2 Continudus Adjustrent mtary Lontro:s -

5.4.2.2.1 Krabs -

5.4.2.2.1.1 Application - Krobs should be used when little force is
required, and whes precise acjustments of 2 continuous variabie are
required. s moving knob with fixed scale is preferred over a mo.ing
scai2 with fixeC index for most tasks. if positions of non-
rmultirevelution controls must be distinguished, 2 pointer o marker
should be avaiiable on the Lnob.

5.4.2.2.1.2 Cirensions, inrque 2nd Separation - The dimensicns
shali be witain the [i~iis specitied 'n Figure . wWithin these
krob size is relatively umimporiant, provided tne resistasce is low and
the %nob c¢2n be ¢asily grasned and manipuiated. When padel space is
extremely liniged, krobs should apprevimate the miairum values and should
have resistarce 25 low % posz-bie without germitting the setting to be
changed by vibrziion or merely lectwing the coniroi. Resistence and
separation betwsen adjacent edges of xnobdbs shali confarm to Ficure 6.

of xnobs
rangss,

5.4.2.2.1.2 Xnod Styls - Unless otherwize specified by the procuring
activity, control inobs snail conform to Mil-STD-1249.

Lacks coverage of seme important

issues.

Fip 6 needs amplificatio

4]
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MFI RECOMMENDED MODIFICAFION

RATIONALE/REFERENCES

5.4.2.2 Contlnuous Adjustment _Rotary Controls

5.4.2.2.1 Knobs

5.4.2,2.1.1 Application - Knobs should be used when little force
or rapid, multi-turn adjustment is requ1red, and when prec1se
adJustment of a continruous variable is needed. If the adjust-
ment requires reference to a scale, it is preferred that the
scale be placed on a panel and that an index line be inscribed on
the pointer (i.e., moving pointer/fixed-scale format). If the
range of knob movement involves more than 360 degrees rotation,
scales shall not be used.

5.4.2.2.1.2 Dimensions, Torque Requirements, and Knob Separution

The dimensions of "knobs shall be within the limits specified in
Figure 6. Within these ranges, knob size is relatively unim-
portant, provided torque requirement is low and the knob can_ be
easily grasped and manipulated. When panel space is extremely
limited, knobs should approximate the minimum dimensional values
and torque requ1rements, but torque requirement should be suf-
ficient to minimize inadvertent control movement due to equipment
vibfation or accidental touching of the control knob). Toxque
required for actuation and the separation- between adjacent edges
of knobs shall conform to Figure 6.

5.4.2.2.1.3 Knob Style - Unless otherwise specified by the
procuring activity, cortrol knobs shall conform to general
styles shown in Figure 6.

5.4.2.2.1.4 Knob Rims - All rotary adjustment knobs shall have
rims with suitable surfaces for secure grasp. Very small knobs
should have knurled surfacés to provide maximum torquing capa-
bility. Inte*medlate and larger sizes of knobs should have
serratea rims, except that knobs used where high torque ig re-
qu1red should have rim-indentation rather than serration for
firmer grasp. Larger knobs should utilize rim indentation to -aid
gripping ‘for application of higher torques.

Ref: Van Cott, Human E_g;neerlng

Guide to Equipment Design,
1972, p. 364-66.

Expanded to provide broader
application coverage.
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MF ! RECOMMENDED MODIFICATION

RAT1ONALE/REFERENCES

©5.4.2.2.1.5 Special Rotary Handle-Knobs - Handle-like rotary
 knobs may be used for special applications (e.g., motorcycle
accelerator control), in which casé, dimensional criteria shown
in Figure 6- shall be observed.

©5.4,2.2.1.6 Contact Hazard - When knobs are used in vehicles

- and are located where they could be contacted during the sudden
- deceleration of a crash, frontal surface area should be large,
- and all edges should be rounded in order to minimize the poten-
“ tial injuries associated with small, sharp knob designs.

|
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MF1 RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

5.4.2.2.1.7 Ganged Control Knobs

5.4.2,2.1.7.1 Application - Ganged knob assemblies may be used
in limited applications when- pariel space is at a premium. 7Two
knob assemblies are preferréd, although thrée-knob configurations
are permissible. 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. Gloves have to be worn.

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

5.4.2,2.1.7.2 Dimensions, Separation Betweén Assemblies - Knob
dimensions and separation shall conform to requirements in
Table .

5.4.2,2,1.7.3 Torque Requirement - Torque requirements shall con-
form to the criteria in Figure 6. Knobs should be serrated; fine
serrations should be used on the knob used to make fine adjust-
ment, gross serrations for the knob used to -make less fine
adjustments,

5.4,2,2,1.7.4 Marking - An indexing mark of pointer shall be_
provided on each knob in an assembly. Marks or pointers should
differ sufficiently to make it apparent which knob indexing mark
is being observed.

5.4.2.2.1.7.5 Knob/Display Relationship ~ When each knob of a
ganged assembly must be related to an array of visual displays,
the upper knob should relate to the right-most display in a hori-
zontal array, or the uppermost display in a vertical array (See
Table ‘).

5.4.2,2,1.7.6 Inadvertent Operation - When it is critical to

prevent inadvertent activation of one knob as the ciher is being
adjusted, a secondary control: movement shall be required (viz;

Ref: Woodson and Conover, Human
Engineering Guide for Equipment

Designers, 66, p. 2-104.
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RATIONALE/REFERENCES

pressing the top knob before it can be engaged with its control
shaft). Where inadvertent movement is undesiruble but not neces-
sarily critical, optimize knob diameter/depth relationships as
shown in Table . Contrasting colors between knobs may also
be used to improve individual knob identification.
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RATIONALE/REFERENQES

5.4.2.2.1.8 Continuous Adjustment Thumbwheel Controls

5.4.2.2.1.8.1 Use - Continuously adjustable thumbwheel controls.

may be used as an alternate to rotary knobs when the application
will benefit from the compactness of the thumbwheel devic.:.

5.4.2.2.1.8.2 Orientation and: Movement - Thumbwheels shall be
oriented and move in the directions specified in Figure_

5.4.2.2.1.8.3 Thumbwheel Serrations = The rim of -the thumbwheel

shall be serrated to aid the operator in manipulating the control.

5.4.2.2.1.8.4 Dimensions, Separation and Torque Requirements -
Thumbwheel dimensions, separatlon and torque requirements shall
conférm to criteria in Figure

5.4.2.2.1.8.5 Labeling and Visibility - Marking and labeling 6f

continuously-adjustable thumbwheel controls shall conform- to

requirements herein with respect to visibility or markings and
legibility of label alphanumerics. )

Moved from "Rotary Control"

section.
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{ PXPO L@ | ® )

Mipimum il.O in. * 10.15 in. #i1.0 in. 2.0 in. To minimize effects
(2.54 cm) 1(0.38 cm) {(2.54 cm) ;(5.1 cm) of inadvertent input
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) ifor gloves ;Eor gloves

) ! . .
Maximum } N/A N/A , N/A § N/A 6.0 tn.-oz, (420 mN)

“Preferred - Some miniature applications may require
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less.

Figure 5.a - Thumbwhee! Adjusiment Controls
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ORIGINAL REQUIREMENT

MFI COMMENTS

5.4.2.2.2 Cranks -

5.4.2.2.2.1 Agplication - Cranks should be used primarily for tasks

requiring many rotations of a control, particularly where high rates or
'arge 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 o- nther processes involv-
ing numerical selection, each rotation should cor.espond to a multiple
cf 1, 10, 100, etc.

5.4.2.2.2.2 Grip Handle - The crank grip handle shall be designed so
that it turns freely around its shaft.

£.4.2.2.2.3 Dimensicns, Resistance and Separation - Dimensions, resist-
ance and separation between adjacent swept circular areas of cranks shall
conform to the criteria of Figure 7.

Needs paragraph re; use of a
folding handle type of crank.

F1g. 7 should have added illus-
trations to provide credibility
with respect to different types
of common cranks.
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278 2015 (9N} 51b (22N} 3.0 (75mm} i . N
{mox) } }
) - . ; \";
! > Revolutions per minute tequired of persoanct !
i i
1 |
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MF1 RECOMMENDED MODIFICATION )

_RATIONALE/REFERENCES

5.4.2.2.2 =C;gnks

5.4.2.2.2.1 through 5J4;212.2.3j4pse original material =-- but
add: the Eoliowingié

5.4.2.2.2.4 Folding Handle = When it appears that a crank handle
could become a hazard Lo’ persons passiug a control panel, or it is
critical that the handle not be inadvertently displaced by being
accidentally bumped, a folding -handle type control should be used.
Sucii a control shall be designed so that the handle is spring=-
loaded to keep it extended in the "cranking" position when in use
and folded when not in use.

Origina@;paragraphs remain as
they are. This is merely an
addition to recognize a commonly~
used component not covered
originally.

Note: -On aew Fig. a minimum handle
Iength for folding handle depends
on practical considerations.
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None I 10" 25cm) 1757 185em) 9.0 (123em) 16.0” HO.bem)
s 1 0 fescml 3757 (45cm) 5.0 UZ.Tem ) 80" @0.3em)
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Menimum
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ORTGINAL REQUIREMENT

MFT COMMENTS

5.4.2.2.3 -Handwheels -

5.4.2.2,3.1 Agplication - Handwheals, which-are designed for two-hand:
operat ‘on, Sh0u!d be used when the breakout or rotation forces are -too.
jarge to be overcome wiith a one-hand control, provided ‘that two hands
will be available for this task.

5.6,2.2.3.2 Xnurling - Yroriing or indentation shall be built into a
nmandsheel to facilitate overator grasp.

§.4.2.2.3.3 Spinner Hendle - Wren iarge Gisplacements rust be rapidly
rade, 3 sDinner hanﬂ!e may he attached to the handshcei when not pre:
ciuded by safely consideraricns.

5.4.2.2.3.5 Direction of Movement - Except for valves (sse 5.4.1.2.¢)
handwheels shall rotate clochwise for ON or EﬂCR‘AS- and counterclock-
wise for JFF and DECREAZE. The direction ¢f motion shall be indicated
or: the handwheei, or imcediatel; 2djacent theretlo, by means of arrow
and appropriate legends.

2. 2 5.5 Dimens:ons, Resistanze, Displacement and Separation =
Can.- 1 dimenstons, recisténce, displacenent and seperatiun bﬂtneen
egces &f adjazent nandwrnsels sKali conform to the criterid in Figuré 8.

Needs to cover wider ranze of

applxcatxons, which also- require
‘n01v1dual 'llustrafton and
design information.




A - This is not a useful criterion,

~ DIMEWSIONS

T RESISTANCE

Ouw

Whaeel Cramcres

One Hond

-

Toe Meddy

[

o

Rirs Diometyr

_Ons Hend

Tes Monds

- 207 (S0ma}

© 4257 1N10mm}

T LL L]

707 {100m:}

2107 1330520

0.75" {19men;

B R T R ]
iy

S (24
2 301 (13m)

S| 2)
“n2m)

DISPLACEMENT

T SEPARATION®

Twe Monds
Singltonsewsly S |

Miarmem |- - 3 -

Memimum | . =

Figure 8. HANDWHEELS
g . —————— e - = . S e e — —e— T ‘f; - om0 T
e ’ ] T




MF1 RECOMMENDED MODIFICATION o 7 RAT1ONALE/REFERENCES
5.4.2.2.3 Handwheels (Two-Hand-Operated) ’ ’ ‘

5.4,2,2.3.1 Application - Handwheels, which are designed for
nominal two-hand operation., should be used when the breakout or
rotation forces are too high to be easily overcome with a one-
handed control, provided that two hands are available for this
task., Typical applications to be considered are steering, hatch
securing, valve opening/closing and direct-linkage adjustment and
hatch locking handwheels,

5.4.2.2.3.2 Direction of Yovement - Handwheel direction-of-
movement shall comply with requirements in 5.4.1.2. Fox all
handwheels in which the direction of motion relationship is

not directly apparent (expectation), direction-of-motion shall
be indicated directly on the wheel rim and/or immediately adja-
cent thereto on a panel or structural surface, utilizing appro-
priate labeling and/or ditectional arrows.

5.4,2.2.3.3 Dimensions, Torque Requirements, Displacement and Ref: Van Cott, Human -Engineering
Separation - Control dimensions, torque requirements, displacement Guide to Equipment Design,
anﬁ separation between adjacent handwheels shall conform to 197Z, Ch a;' ;

criteria in Table .

5.4.2.2.3.4 Position - Handwheels (including steering wheels)
shall be selected in terms of size and expected usage to pro-
vide operator-use convenience based upon whether the -operator
is seated or st: -ding to operate the wheel, For seated: opera-
tion, the wheel should normally be centered on the operator's
centerline and sloped so that both of the operator's arms and
hands have approximately equal access to the wheel, In. 1
addition, wheels operated from the seated position should be |
sized and positioned for convenient ingress/egress, as well )

as over~the-wheel viewing where applicable.

5.4.2.2,3.,5 Spinner Handles ~ For applications where the wheel | Professional judgment.
may be rotated rapidly through several revolutions (e.g.., slew-
ing), a spianer handle may be added for added convenience. Such
handles shall not be usad ‘however, if the projecting handle is ‘
vulnerable to inadvertent displacement .f a critical wheel setting,
or is a safety hazard. )
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MFI RECO'MENDED MODIFICATION

RAT IONALE/REFERENCES

5.4.2,2.3.6 Turning Aids ~ Knurling, indentation, and/or high-
friction cover may Ee built into -the handwheel to facilitate
operator grasp, i.e., in order to apply maximum torque and/or
- to reduce th2 possibility of the wheel from being jerked out

of the operator's haunds.

5.4,2.2.3.7 Wheel Hub Delethalization - Steering wheel -hubs
shall be recessed and provided with-a broad pad to minimize the
possibility of driver impalement during a crash. Consideration
“shall also be given to use of a collapsible steering column for
rapidly-moving vehicles. Such steering wheels shall be struc-
turally resistant to majcr rim/spoke distortion considefing the
loads that could be created by the driver's body being thrust
into the wheel during a crash.

'5.4.2.2.3.8 Wheel Shape ~ Except for the special cases of
establishedruses’ln’sugmarines and aircraft all handwheels should
be round.

5.4.2.2.3.9 Power Steering Failure ~ Steering systems -shall be
designed with sufficient mechanical advantage to meet the force
requirements of Table , even though the primary operating
mode ntilizes power-assist, i,e,, the operator shall be ahle to
steer the vehicle to a safe stop 1in tiie event of power failure.

5.4.2.2,3.10 Steering Wheel Lock = Vehicles designed to operate
on antlnental UsS, roads shall meet Federal requirements for
locking the steering column with removal of the ignition key.

5.4.2.2.3.11 Steeting Ratio - Steefing systems should be designed
so that the maximum turning limits of the vehicle can be acquired
by no more than 3% to 4 turns of the gteering wheel,

MFI Study (MFI 73-105, 1972)

Industry practice,
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Table - Two-Hand-Operated Handwheels

DESIGN CRITERIA

APPLICATION-CRITER 1A ) D {MENS [ONS DISPLACEMENT . SEPARAT ION
CONT INUOUS- ADJUSTMENT FOP ALTERNATE DIAM = 14,.0"|RIM OlAM = MlNIHU’j HA}JD SEE CONTROL/DISPLAY 28,0 (11.1 ¢y
SLEWING/PRECISE POSITIONING, USING (35.6 ¢M) 0,25" CLEARANCE RATIOS 5.1.4 ELBOWELBOW
OISPLAY REFERENCE, FOREE REQUIRE- + 6.0 (1.9 cm) ARQUND RIM CLEARANCE
MENT AT THE RIM SHOULD BE BELOW 15,2 CcM) I0 1.25" 3.0m -
25 L8 (111 N), ¢3.2-¢H) (7.5 ¢y -
CONTINUQUS LOCK-UNLOCK OPERATION OIAM : 8" SARE AS SAME AS N/A SAME AS ABOVE
FOR-<'5 L8 ABOVE ABOVE
T0-
20" Fom
S0 L8
- HIGH TORQUE:VALVES . 1AM = §,0v- Eake as SAME AS J[SEE S.a.0-wHEN-  -lsamE AS Asove
2.26 N-m OF TORQUE/2S%.% mm OF T16.0% FOR | Agove: ABOVE _APPLICARLE -
HANOLE DIAMETER (20 IN./LS OF OVERMEAD; 7 =
TORQUE/INCH OF MANOLE DIAMETER)- -9.0%-20.8" I - :
FOR OTHER -
() ro:-ns lE; / :
TwEEN 12-60" _ B
oventan (31-152 cH) - -
vALYVES _ABOVE STAND- .
. ING SURFACE. : ,




Table

~ Two-Hand-Operated Handwheels (Continued)

!
F

ABPLICATION CRITERIA-

OESIGN CRITERIA

: DIMENS IONS _ OISPLACEMENT SEPARATION
VEHITLE SYEERING LAUTOMOTIVE). MAX |0 - piaM = 8y = RIM S - WHEEL MAX = 120° FOR ryry NIA
j FORCE REQUIKED -WITH POWER SIEERING 1%-:6" FOR | O1AM = SLOPE = STOP-T0-$TOP TuRN,
= 25 L85 (11! M) - PAR SILER- | 3.75"-1.25"| OEPENDS ON | BOTH MANDS ON Te
3 ING: 15~20"] (1.9~3.2 CM) ORIVCR POS'M wiEEL.
MAXIMUM-FORCE REQUIRED WIIHOUY FOWER-] FOR NON- VERTICAL~
STEERING = 50 LBS (222 N) 1 eowesr MORTZONTAL
) {35.6~50.8 PREFERRED =
<) 36* Fom B
LIGHT in-
ICLES; »3°
FOR HEAVY
VEHICLES
ATRCRAFT STEERING (COMBINE WiTH Jo - earr L ~ GRIP X=Y GRIP TILT| MAX PREFERRED = N/A
LEVER FOR PITCH, RUDDER PEDALS FOR | DIAM = LENGTH = PREFERRED = 30°
ROLL/STEER) 4 1257 (1.9 1 MIN 40" X r1s®
if. €M)-PRE- (10-2 cm) Y = ;_u.
I _FERRED ST E
, 143
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.4.3 Linear Controis -

5.4.3.1 Discrete Linear Controls -

5.4.3.1.1 Push Buttons {Finger or Hand Operated} -~

5.4.3.1.1.1 Application - Push buttons should be used when a control
or an array of controls is needed for momentiry contact or for activat-
ing 2 lociing circuit, particularly in high-frequency-of-use situations.

5.4.3.1.1.2 shepe - The push button surface sheuld rormally be concave
{indented} to fit the finger. Uhen this is impractical, the surface

shall provide a high degree of frictional resistance to prevent slipping.

5.4.3.1.1.3 Positive !ndication - A positive indication gf control
activation shall be provided {e.g., snap feel, audible click, or inte-
gral light).

5.4.3.1.1.4 Channel or Cover Guard - A channel or covar guard shall
be provided when it is imperative to prevent accilental activation of
the control,

5.4.3.1.1.5 Dimensions, Resistance, Disziscerent. and Separation -
Except for use of push buiions in xeyboards, control dimensions, resis-
tance, displacement, and separation between adjacent edges of finger or
hand-operated pushbuttons shall conform to the criteria in Figure 9.

5.4.3.1.1.6 Interlocks or Barriers - Properly desianed mechanical inter-
locks or carriers may be used instead of the spacing required by
Figure 9.

Section on push buttons should

be combined with one on legend
switches since the designsr thinks
of both as push buttons.

Between the few requirements and
illustrations, many other push
button applications are ignored
by absence of discussion and/or
illustration,

The scope needs to be expanded

to reflect the variety of components
now available, some of which are
found in other MIL specs.
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DIMENSIONS RESISTANCE DISPLACEMENT
Diometer A
Fingertip Thumb or Heel Fingertp ¢ Lanle Finger -] Thumb or Finger
Operation of Hond Opaeration] __ Operotion ' Operotion Operntion
5
Minimum 0.385” {10mm) 0.78” {19mm} 1002 (2.8N) | 50t (1.4N) 0.125" (3mm}
Moximum | 075" {19mm) 4002 (11.0N) 20 oz {5.6N) 1.5 {38mm)
_ _ _ %
SEPARATION
S
Single Fingar i Single Finger H Opetation by
Operotian Saquential Operation __i__ i} Sevetal Fingers
Minimum 0.5” (13mr) | 0.25"(6mm) ! 05" (13mm)
t
Proforred 2.0” {50mm) ; 1.00” {25mm) J‘ 0.5" (13mm)

Figure 9. PUSHBUTTONS (FINGER OR HAND OPERATED)
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ORIGINAL REOQUIREMENT

MF1 COMMENTS

5.4,3.1.5 Legend Switches -

5.4.3.1.5.1 Dimensions, Resistance, Displacement, and Separation -
Dimensions, resistance, displacement, and separatinn between adjacent
edges of legend switches shall conform to the c¢riteria in Fiqgure 12.

5.4.3.1.5.2 Eerrier Height - Barrier height from panel surface shall
conform to the criteria in fieure 12.

5.4.3.1.5.3 Qther Requirsmants -

a. For positive indica.ion of switch activation, the legend
switch shall be provided witn a detent or ciick. When legend switches
are touch sensitive and not :.ochanical, o positive indication of acti-
vation may be an inteirzl tight within or above the switch being
activated.

b. The legend shal: Le legible with or without internal
illumination.

c. A lamp test or cudi lamp/filament reliability shall be pro-
vided, except for switchis using LED's in place of incandescent lamps.

d. Llazzs within the legend switch shall oe replaceadble from tne
front of the panel by hend and the legencs or covers shall be keyed to
prevent the possibility of interchanging the leyend covers.

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

This is silly. Fairly large
component are available, and

there may be good reason to

have more labels, e.g.,, a
4-way matrix switch (see
new illustration).

.
!
}
.

e - b
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s A BARRIERS®
Size DISPLACEMENT RESISTANCE
8w Bd
Minimum 0.75" 0.125"°° 0.125” | 0.188" 1004
{19m:n) {3 mm) {3mm) | (5mm) 1280mn)
Maximum 1.5 0.280” 0.250” { 0.250" 40 0z
{38mm) {Gmm) {6mm) | {6mm]} (1N)

*Barsiees shall have rounded edges,
**3/15° (Smm) fot positive position switches

Figure 12. LEGEND SWITCH
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- 'MF1 RFCOMMENDEL MODIF&CATION

RATIONALE/REFERENCES

5q4.3:iuii Pushiﬁutton Switches (Hané- or Finger-Operated)

5.4.3:.1.15.1 Application - Push button controls shall be used pri-
marily when a simple switching between two conditions are required,
selection of alternate on-off functions from an array of related
conditions, or subsystem functions, release of a locking system
such: as on a -parking brake or entry of a discrete control order.
Push buttons should not be used indiscriminately merely -to make
all panel controls "look alike", or where another type of switch
could be used to save panel space, e.g., toggle switch. Push
button type -controls may be used for any of the following kinds

O0f operation 51ng1y or in combination. (Refer also to Table

and paragraph 5. .1.3.)

a. Momentary contact. (A single "push-HOLD/release-OFF"
function.) For this type of function the push button
should be one of the following types: (1) non-illuminated
(2) continucusly ON switchcap light or legend, or (3)
momentary ON switchcap lighe.

b: Alternate action. -Alternate action for a single function|

may be implemented either in a two-button format or as

a singls button. With the single-button type a first
press sets the switch in the ON state and a second press
sets 1t to OFF. Feedback to indicate the ON state shall
be provided either by switchcap lamp or legend or by a
closely associated lamp or legend. With the two~button
‘type, the buttons are mechanically interlocked so that
one button is slways depressed and the other button is
in the up position. Although the deprecsed button pro-
vides. :feedback on switch state, additional feedback by
means of -switchcap lamp or closely associated lamp or
legend should normally be provided.

c. Stepping action. Successive presses of the switch cycle I

it through -three or more states. Switch state feedback
may be provided by selective illumination of integral or
assOclated JTegends.

Application coverage and illusrra- |
tions obviously have been expanded
to cover common variation.

Instead of original figures and
tables, the new table deals with
types of push button applications
on an individual basis.

Note that we disagreed with several
values and have introduced values
we feel are more acceptable on the
basis of our expar1ence and obser-
vation of typicat hardware. These
seem to be supported by review
committee,




Function

Switch
Action

Switch
Config.

Depressed
Switchcap

g
Switch State Feedback Options¥®

Integral
Lamp(s)

Integral
legend(s)

Adjacent
lamp(s)

Adjacent
legend(s)

Other
Display
Reflectin
Switch
Action

(1. Send short discrete
signal -to initiate
or términate some
other function.

7. Send short signal
of controllable
duratcion.,

Momentary
contact

T'Momentary
:contact

‘Single
-button

Single
-button

Momentary

Nomencary
only

Jonky
%

Momentary
only

fomentary
only

Momentary
only

Momentary
only

Momentary
only

Momentary
only

‘Momentary

Mumentary
only

only

Safficien

4. Choose between two
mutually exclusive
states

Alternzce
action,
latching

Two~
button
inter-
lockert
or
Sinsle-
LSuttlan

'1f mechan-
lically
;lacched

i1 £ mechan-
lically
Hatched-

c

Sufficsyznt

sufficient

C

Sufficien:

4. Step through thrze
or more switch
states

551@‘[’?@"8 y
:latching

‘button
with
legend

‘matrix

Single |

(Ne)

Subficient

(£
multiple
legend)

'Sufficiunt;

5. Indépendently
choose one out -of
three or more mut~—
ually exclusive

__States

lLatching

and inter-=
locked

‘buttons

Array of

Lf mechan-
ically
latched

Sufficrent

Sufficient

5. Independently ~

. ciioose - Ewo or -more
out of a set of zZon-
trol funccions each
‘having two states

Alternate
action,
‘latching

buttons

Array-of

Hatched:

ically

1f mechanﬁf

Sufficient |

Sufficient

“*Notes:

C (contributing) need to be used in combination to provide adequate feedback.

1. The feedback referred to pertains only to knowledge of switch state, not system state (which may
impose additional feedback requirements).
2. A feedback option designated "sufficient"

edbac ] suf means that, properly instrumented it can prcvide all
che information the operztor needs concerning

: . G2 € ]
switch state; other methods showirig annotation or ;
)
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MF1 RECOMMENDED MODIFICATION

Sets of related switching functions of the above types.
These are combined as an assembly. These may be independ-
ent, interlocked or a combination of both, may be momen-
tary or latching or a combination of both; and may be
non—-illuminated, or have switchcap Fights or legends.
Feedback as to active switch states shall always be
provided. Interlocking and latching functions may be
cither mechanical or electrical. (See section 5.4.3.1.2
on keyboards, kevpads, keysets, and menu selectors.)

RAT |ONALE/REFERENCES




MFI RECOMMENDED NODIF!CATIOS

RAT IONALE/REFERENCES

5.4.3.1.Y.2 Dimensions, Actuating Force, Displacement aund
Separation - Dimensions, displacement, and separation of push
button controls shall conform te the criteria in- Table .
Actuating force for push buttons shall be within: the following
limits. .

a. Very small, or frequently-used push button (see
5.4.3.1.3.2) force requirements should be within the
range of 2.78 N (1.0 o0z.) to 11.1 N (40.0 oz.).

b. Thumb-operated push button forces should be within the
range of 1.1 N (4.0 oz.) to 16,7 N (60.0 oz.).

c. Large push buttons that typically would be operated
by two or more fingers, or by the heel of the hand
should be within the range of 1.7 N (6 0 0z.) to a
maximum of 22.2 N (80.0 oz.).

5.4.3.1.1.3 Indication cf Switch Activation = Positive feedback
shall be provided to indicate that the push: button switch has
been activated or deactivated, considering the following:

a. Switch displacement is visible.

b. Tactile/auditory indication, i.e., gradual resistance
build-up to sudden resistance-release (snaps into
place), accompanied by a audible “click".

¢. Accompanying visual indication (e:g:, switch cap is
illuminated).

5.4.3.1.1.4 Push Button Identification/Legends - Although- push
buttons may be identifiable by means oI panel l-bels, it is pre~
ferred that labels be placed on the push button face (where size
and other use factors are compatible). Criteria for labels and
legends (5.5) shali be followed. chends normally should be
legible With or without internal illumination, but legends may be
invisible during any distinct modes in which 'he ‘button is never
used. A lamp test capability and/or dual lamp rellab‘11ty shall
be provided, except for switches leng LED's in: place of incan-
descent lamps Other considerations include the following:

Ref: Woodson and Conover, Human
Engineering Guide for Equipment
Des

o zgnefs, 1966, p. 2-95,
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MF ] RECOMMENDEL HODIFICATION 7  RATIONALE/REFERENCES

a. There should ﬁormétly be nc more than three lines of
lettering on a legend plate.

b. Lamps within incandescent legend switches shall be
replaceable from the front of the panrel, by hand, and the
legend or cover shall be keyed to prevent possibility of
interchanging -legend covers.

5.4.3.1.1.5 Push Button Cap Shape - Cap surfaces should gener-
ally be flat, but with rounded edges. However, for certain
applications where it is required to insure proper "finger-center-
ing', the cap surface may be made concave. General cap shapes

may be round, square or rectangular as long as they provide ade-=
quate finger, thumb or hand contact area, and are compatible with
identification or legend requirements.

5.4.3.1.1.6 1Inadvertent Switch Activation — Primary methods for
minimizing inadvertent switch activation shall conform to criteria
in Table_ . . 1f however, it is imperative to prevent accidental
activation of a specific switch, a channel or cover guard shall

be provided; and/or other suitable technique that requires the
operator to perform a preceding action prior to final switch
activation,

-
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z
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: Table = Push Button Switches (Continued) l
; - D ___DESIGN CRITERIA
5 RITER BA
: ] APPLICATION C £ ] ] D IMENS [ONS DISPLACEMENT SEPARATION
LEGEND, SWITCHLIGHT, W - MIN = —_— — SAME AS ABOVE S - PREFERRED
s 0.75" MIN z 0,25
v (1.9 c4); (0.64 Cm3
i Fila 1.0% FOR (EDGE=TO-EDGED
’lLA st GLOVES
: oy :
SWITLH, SEPARATOR GUARDS FOR CLOSELY{SAME 'S ABOVE iH - GUARD uT —
SPACED SWITCHES. ABOVE UNDE~
PRESSED 3W.
SURFACE =
: 0.19" (0.5 -
cM) T 0,25 !
(0.5 <) {
[
OTHER $JAPES -ACCEPTABLE TO ACCOMMO- —_ — —_— $ = «JR-CIR MIN,
—— DATE EXTENOED LEGENDS. SWITCH-SHALL|- = 0.75% (1.9 CM)
@! ACTUATE EVEN -THOUGH PRESSED OFF =
U= CENTER. -+
SURFACE “"CONTACT SWITCH (E.G., -NON- — — —_— — S = MIN CYR-CTR .l
DISPLACING) MAY BE USED -WHERE SPACING = 1.0%
s - INAOVERTENT OP. ERRORS ARE NQT . : , C2,54-CM); 1,4
= o 1. CRITICAL, MOUTLINE® GRAPHICS SHALL - WITH GLOVES
) i 8E USED TO DELINEATE SWITCH CONTACT.
=) e )) AREA, AND INDIVIDUAL SWITCH GRAPHIC A
g“@ SHOULD- "ILLUMINATE" WHEN-PROPER  |*
A @ | CONTACT IS MADE. T )
R L' | , :
: . : 150




Table _ = Push Button Switches (Continced)

—— . ST

; ) o OES1GH CRITERIA
N —
APPLICATION CRITER! - T GIMENS 0N O 1SPLACEMENT SEPARATION
MATR!Y IGMISWITCH: 0 = MIIMUN —— — SAMC AS ABOVE WHEN TWQ OR MORL
ALTHOUGH TOTAL SWITCH FRONTAL AREA INDIVIDUAL UNITS ARE ADCALENT,
COULD BE MUCH ScALLER FOR ACTUATINN | SCREENS - MIN, SEPARATIOM ~
REASONS, MININUMS NOTED T0 THE x.GBT. 6.75 - 0.25" (0.6% CM)
ARE RECOMPENDED 1,E., FOR ADEQUATE | (1.3 CM) {EDGE-TO-E0GE )
LEGIMD SIZE, AND TENDENC® FOR CP- X 0.75
ERATCR T0 PREsS INDIVIOUAL, DLSIG-
NATLD AREAS) .
GANGED PUSH-BUTION ASSEMELY: M oR-0 MIN. —_— _— X.e - MIN EXPOSURE |5 - CTR-GIR 52ACING
o i -0. 375" ¥HEN DEPRESSED = | MIN = 0.75% (1.9
SQUARE, RECTANGULAR OR ROUND “HAPEYL ,
ARE ACCESTABLE. OEPRESSION UF ANY "2'25,$23 9125 (0.32 CB) gy as0" FOR
-BUTTON-SHALL CAUSE ANY PREVIOUSLY. | $9.5%

VATEQ-POSITION,

NUMBERED BUTTUNS SHALL PROGRESS AS
ILLUSTRATED. i

OEPRESSED SUTTON -TO-RETURN-TO DEAC f -GLOVES) "

X.b = MIN DEPRES-
SICN TO ACTIVATE

= 2.1375" (0,48
CM)).

MENT SMALL NOT
EXCEED 0.5"

0.125" (PREFERRED

NOTE: MAX DISPLACE-

GLOVES)

ot el i

gy =

i
i
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Table _

= Push Button Switches (Continued)

!

s s = =

APPLICATION CRITER[A

DESIGN CRITERIA

_ OIMENSTONS OISPLACEMENT SEPARAYION
HANDLE, CNO-MOUNTED, PUSH BUTION B
SWITCH:
i (‘%"‘ INDLX_F INGER-OPERATED, RECESS TO Jo < MiNIMum —_— —_— SAME AS ABOVE NIA
o i1, i 3 PRECLUDE INADVERTENT OPERATION. DIAM-z
; f; - 0.385"
T2 A €02g8-Ci)
THUMB-OPERATED P - MIN-: —_— — SAME AS ABOVE NIA
95"
405 e
L - ;
o (il
ALTERNATE FINGER OR HECL OF Tnt MAND [ D - MIN z — —— SAME AS ABOVE S = MIN FOR pacw
OPERATION. CONVEX SURFACE DESIRASLE| 1,67 0PN = §.0M
| S—_—y _i - (2:54 Cm) (7.6 ¢y
\ :
GRIP MANDLE SW(TCH W---MIN = [t = PREFERRED| SAME AS ANuvE /A
- 1 g.480 MIN £ 1,0" —
~w o ALTERNATE MULT[-FINGER OR- PALM Cos6L cuy | (2.54 €%

OPERATION :
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MF1 COMMENTS

5.4.3.1.3 Keyboards -

5.4.3.1.3.1 A?Elicatigﬂ - Arrangements of push buttons in the form of
keyboards -shouid 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 cf keys are directly dependent upon the predominant tyse of
information to be .entered into the systes. The major forms that
keyboards can take, which 2id in the entry of such informatior, are
given below:

a. Huperic Keyboard: The configuration of the kevbeard which
shall be used to enter solely numeric information shouid be a 3 x 3 + 1
matrix with the 2ero digit centerec on the bottom row,

5. Alphe-Humeric Xeyboard: Keyboard configurations for :pplica-
tions which require the entry ¢f alphabetic and some numeric information
shall conform to MIL-S7D-1280. For some applications the entry of data
varies from primarily alphabetic to primarily numeric. For these appli-
cations tuo aiternatives are suggested. The first being to provide a
keyboard of the type shown in Figure 2, page 15, of MiL-STD-1280 (where
there is nc seéparation between alphabetic an¢ numeric characters); and
the second to provide a s2paration to erphasize the iwo separate func-
tions., with -the numeric keyboard located te the rignt of the standard
keyboard.

5.4.3.1.3.3 Dimensions, Resistance, Displacenent, and Separation - The
control dimensions, resistance. displacement and separation between
adjacent edges of the pushbuttons which form keyboards shall coafora to
the ¢riteria in-Table IX. For a given keyboard these criteria shall be
uniform for all individuai keys. For those applications where operation
while wearing (trigger finger) arctic mittens is required, the minimum
key size shall be 0.75 inch {19 mm). Other parameters are unchanged-
from those-of bare-handed operation (see 7able IX).

5.4.3.1.3.4 Slope - All nonportable keyboards shouid have a slope :of
bétween 15 and- 25 degrees. The preferred slope is 16 to 17 degrees.

The slope of a.portable device can be varied according to the preference
of the operator,

Too simplistic to cover issues of
typewriter vs calculator vs
communication kevboards.

No reason for restriction of

"0" to a center position; doesn't
cover an "Enter" or other typical
calculator keysets,

Table IX too restrictive for
many acceptable keyboards, i.e.,
Lt i1s push button-oriented.

Index finger operations can be
~all the way from horizontal to
vertical. Height of keyboard
important — not addressed here!
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5.4.3.1.3 Keyboards, Kevpads, Keysets and Menu Selectors

5.4.3.1.3.1 Applications -

Tn many systems most control function
are exercised through keyboards, key-

pads, keysets, or menu selection ‘
devices. This section covers these

a. Alphanumeric keyboards with standard typewriter key devices with respect to: configura-
-configurations should be used for applications where a tion; dimensicns, displacement, and
general-purpose entry requirement cannot be satisfied separation; mounting; actuating

by numeric entries alone, by smaller keysets with either force; feedback; and function control

dedicated or programmable keys, or by menu selection

techniques.

o

applications requiring frequent entry of decimal
whether as data or as numeric codes.

¢. ‘Keysets with each key dedicated to a specific switching
function should be used whenever the number of switching

functions is manageable and need not change with
operational condition,

d. Multi<function (programmable) keysets offering means

of changing the switching function of individual

should be utilized whenever switching requirements vary !
substantially for dJdifferent phases or medes of operation |
]

and the total number of functions to be switched
be conveniently handled by dedicated kevs.

e. Menu selection techniques which provide for display and
selection of switchable statés on a CRT may be used as

an alternate to the multi-function keyset. .

Kevpads (decimal entry keysets) should be used for This applications section makes

digits, | a differentiation between the
uses of different types of key
entry devices.

time or

kevs

cannolt

5.4.3.1.3.2 Keyboards (alphanumeric keysets in typewriter con-

figuration)

5.6;35113.2.1 Configuration - Ké{boardfconfiguratiqns—shall be |
'l conform to MIL-STD~1280. ) -

of -the QYERTY arrangemcnt and sha
Key action shall be of the momentary contact type.
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5.4.3.1.3.2.2 Dimensions, Displacement, and Separation - The
control dimensions, ‘displacement and separation between adjacent
edges of the push buttons which form keyboards shall cor:form to
the criteria in Table IX. For & given keyboard these criteria
ghall be uniform for all individual keys.

5.4.3.1.3.2.3 Mounting - The keyboard should be mounted-so that
it is directly in Front of the opers’or when it is in use, The
flrst row of keys should be between 23 cm (9 in.) and 3Q cm

2 in.) above the seat level and the tiers of keys should slope
upward toward the back at an angle between 10° and 30° from the
horizontal (179 preferred). See Figure .

5.4.3.1.3.2.4 Actuating Force - The force required for key
actuation shoul a in the range between 0.25 N (0.9 o0z.) and
1.5 N (5.3 oz.)

5.4.3.1.3.2.5 Feedback - Feedback shall be provided to inform
the operator whether or not: (1) the pressed key was, in fact,
actuated, (2) the intended key selecticn was the one which was
-made, and (3) an entire message or message segment is ready for
the ?ext operation (e.g., filing, transmission, computer storage
etc.

5.4.3.1.3.2.6 Function Control - In complex systems when the
keyboard serves multiple functionms, convenient means of switching
‘keyboard function and indicating keyboard state shall be provided.
Key?oard functions which may need to be independently selectable
include:

a, Posting of data or instructions on a display prior to
release to the central processor.

b. Composing and posting message text prior to its release,
.¢. Editing posted data or text material,

d. Directly entering data or instructions to a computer.

~ Includes height above seat

Ref: Boeing Co., Design Handbook
for Imagery Tnterpretation

level, Broadens the acceptable
range of slopes.

Equipment, 6.2-15.

Presents essential requirements
with respect to feedback.

Takes account of the multi-
purpose usage of many keyboard
installations.
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TABLE IX. KEYBOARDS f
3
| {
Dimensions Besistance i
: Diameter
D* !
Bare- Arctic Alpha- Dual H
handed mittens®* Numeric numeric Function
‘Minimum 0.385" 0.75" 3.5 02 0.9 02 090z |
Maximum| 0.75" 14.0 02 5302 530z ‘
N R i
Preferred 0.5" 8.75” - R
Displacement Separa{ion
Alpha- Dual {between adjacent key tops) ‘|
Numetic numeric Function
Minimum 0.03" 0.05" 0.63" 0.25" '
Maximum 0.19" -0.25" 0.19”
§ Preferred 0.25"
N Di __Resistance -
H Diameter -
DC
Bare- Arctic Alphs- Dual '
] _| handed mittens®® Numeric numeric | -Function '
JMinimum |- 10mm 19mm N 250 mN | 250 mN !
Maximum}.  19mm AN 1.5N |- 15N ;
Preferred 13mm 19mm ) i i
S Displace;nem B ) Separation ;
7 Alpha- Dusi " (vetween adjacent key tops) :
. _ {Numeric nimeric | Function : '
Minimum | 0.8mm | 1.3mm | 0.8mm 6.4mm ' '
- - B 4
Maximum | 4.8mm -6;3mm 4.8mm N !
‘Preferred 6.4mm i !
i _ i
, *See Figuie 9 , - { [ ’
i _ **Trigger finger type
; \.,‘
! -
L |
. i . :
B ‘ . 4
P - |
- 1
o
! : ;
- /“
4
'f
P
K !
= e ST T i e - ———— &
‘ b -
) - = = ﬂg"'
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9
m i ke
ABC OEF T TZLEPHONE:
! 2 —3—--51 = K - Key Size = O.37§-ir_1 ((().92 cm;
GHI) (JK0) (MNoY T S - Separation = 0.25-in (0.6 cm
T SL é‘ H - Height = 0.25~in (0.6 cm)
crc — X - Depressed Extension = 0.62-in
PRS Y] ) (0.16 cm) .
L5 Tg wsv X C/C - Center/Center Spacing =
1 . 0.656-in (1.67 cm)
5PER (]
: 531. . -
bese
<jc
e T NUMERIC:
7 Y o
O 7 .
4 = cre C/C - Center/Center Spacing =
4 - 5 T—L 0.75-in (1.9 cm)
) ] Note: For other dimensions refer
to Table for single
’]' 2 3 finger push buttons.
0 o Enreu
TYPEWRITER:

K - Key Size = 0.50-in (1.27 cm)

C/C - Center/Center Spacing = 0.75-in
(1.9 cm)

D ~ Displacement = 0.187-in (0.47 cm)
for electric; 0.625~in (0.16 cm)
for typical manual machine.

L~ ek hf xLAC/-
k;:mﬁgtjgﬁjcﬂ, T ﬁﬁ}J. A - Varies widely; prefexrsd

(][]

Figure

slope is between 16-17°.

.S e

o v e e ——
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- 5.4.3.1.3.3 Keypads (Decimal Entry Keysets)

©5.4.3.1.3.3.1
- shall be utilized as Follows.
contact type.)

a.

Configuration — Two different key configurations

See Figure

For telephone use or any communications addressing func-
tion, the push-button telephone configuration shall be
used. (This is a 3 x 3 + 1 configuration, with the top

row consisting left to right of che numerals 1, 2, and 3;

the second row, 4, 5, and- 6; the third row, 7, 8, and 9;
and the zero 1s centered under the bottom row.)

For entry of data or coded instructions the calculator
configuration shall be used. (This is a 3 x 3 + 1
configuration with the top row consisting left to right

of the numerals 7, 8, and 9; the second row, 4, 5, and 6;

the third row, 1, 2, and 3; and the zero is under the
bottom row.) In the event the telephone configuration
as well as this configuration is used in the same piece
of equipment, the twe configurations shall be made
distinctively different in appearance from one another,

5.4.3.1.3.3.2 Dimensions, Displacement, and Separation - Tzle-
~phone—type keypads may be of the commercially-available type

unless otherwise specified.

Pimensions, displacement and

: separation of other keypads shall conform to those for commercial
_push button phones, except as follows.

- conveniently available for use.

2. Displacement may be less or zero: if touch-~activated
switches with appropriate feedback are used.
‘b. Key size, separation, and displacement shall be a3
indicated in Table IX if heavy gloves or mittens- are
to be worn by users.
'5.4.3.1.3.3.3 Mountin - Keypads may be mounted wherever they are

Keypads requiring frequent use

should be mounted in a preferred location for controls such as -a
~desk top and should be sloped as is required for keyboards
~(paragraph 5.4.3.1.2.2.3).

(Keys in bothk are of the momentary

5.4.3.1.3.3.1 Here is an item which
chould receive carefnl attention in
the future. Because two different
configurations (telephone and cal-
culator) are already in extensive
use, we are recommending that fer
the time being both configurations
continue to be used. We don't think
this is a good long~term solution,
since many equipments might have
both configurations anu thus intro-
duce higher error rates, In the
long run we thiunk that either the

‘telephone configuration or a 5 x 2

configuration should be adopted,
and hopefully calculacor manufac-
turers would follow suit. (We have
already seen some examples of the
telephone configuration is non-
communications systems.) Research
shows the telephone configuration
to be superior to the calculator
configuration, but we have not yet
scen any solid data on a 5 x 2

configuration which we feel might

turn out better than either of the
other two.

5.4.3.1.3.3.2 Allows the touch-
actuated key if appropriate feed-
back and key separation is
provided. '

|
1

e mldano
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5.4.3.1.3.3.4 Actuating Force - The actuating force required for
keypads shall fall in the range of 0.25 N (0.9 0z.) tc 3.9 N
(14.0 oz.). (This actuating force range does not apply to
touch-uctivated keypads.) The larger actuating forces should be
used where the user wears gloves or mittens, or is subjected to
substantial vibration or acceleration.

5.4.3.1.3.3.5 Feedback ~ Feedback shall be provided to inform
the operatcr whether or not: (1) the pressed key was, ic fact,
actuated, (2) the intended key selection was the one which was
made, and (3) the entire number set as posted is ready for the
next operation (e.g., a computational process, transfer co the
computer as data, etc.)

5.4.3.1.3.3.6 Function Control = Switches for control functions
shall be provided as needed Ffor the particular application.
Separate clearing functions shall always be provided to allow
clearing either (I) only the last posted digit, or (2) all posted.
digits.

5.4.3.1.3.4 Dedicated Keysets

5.4.3.1.3,4.1 Configuration - A dedicated keyset .consists of an
array of keys or push buttons individually labeled with fixed
‘functional meanings and with a commonality of purpose, such as
entry of instructions to a computer. (Dedicated keysets are
special-purpose devices whereas keyboards and keypads are inher-
ently general=purpose.) As best fits the purpose, key action may
‘be momentary contact or latching, and key tops may (1) be opaque,
(2) contain an indicating lamp, (3) provide a continuously 1llum-
inated label; (4) provide an illuminated label when activated, or
(5) provide both (3) and' (4). The functions and physical config-
yration of the push buttons in the keyset shall be appropriate

to the switching functions it must handle and to the operator's
task. -(See paragraph 5.4.3.1.1 and Table .)

5.4.3.1.3.4.2 Dimensions., Displacement, and Separation - Dedicate
keysets which do not utilize switchcap taEeIs shall conform to the
-dimensionsl requirements -for keyboards in Table I¥; those which -
do use switchcap labels shall conform to the requirements for
legend switches (paragraph 5.4.3.1.1). (The displacement requitre-
ments -do not apply to touch-actuated switches.)

Clarifies the various requirements
for feedback.

Brings greater specificity to
dedicated keysets. (Professional
judgment.)
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they are conveniéntly available for uyse.

5.4.3.1.3.4.4 Actuating Force - The actuating force required for
dedicated keysetc shall fall In the range of 0.25 N (0.9 o0z.) to
11.3 N (40 oz.). The larger actuating forces should: be used only
with large-size illuminated switchcaps, 2.5 em (1 inch) wide or
larger which may be needed to accommodate switchcap labeling.

The preferred actuating force for push buttons which can be mount-
ed on 2.0 cm (0.75 in.) centers is about 2,8 N (10 oz.).

5.4.3.1.3.4.5 ¥Feedback - Feedback shall be provided to inform
the operator whether or nct: (1) the pressed key was, in fact,
actuated, (2) thc intended key selection was the one which was
made (3) the system is in the process of responding -to :the
actuated key, and (4) the system has completed its response to
the actuated key. )

5.4,3.1.3.4.6 Function Control - Switchas for control :functions
governing operation of the keyset shall be provided as needed
for the particular application.

5.4.3.1.3.5 Multi-Function (Prcgrammable) Keysets

5.4.3.1.3.5.1 Special Requirements - Multi-function kéysets
require instrumentation for accommodating switching at two levels:-
(1) a gross function, or mode level and (2) a -detailed, or item
lével within each mode. ’

a. Function (or mode) selection. The amount of selection
capability shall be dependent upon the number :0f dif-
ferent sets of switching functions to be used:- alternatived

~ ly. The mechanization of the function selectors should
ordinarily by rotary selector or by interlocked push but-
tons with latching actuation. The complete range of
choices as well as the current mode indication should be
visible to the operator at all times, except in those
instances where function selectors are implemented by
entry of coded switching instructions using a general-

purpose keyboard. {(Mode switching may also be implemented.

for initiation by the computer, in which case manual
switching capability can be correspoudingly reduced.)

5.4.3.1.3.4.3 Mounting - Dedicated keysets may be mounted wherevey

This is completely new material

which is very much needed because
of the widespread utilization of
multi~function keysets., (Based

“on professional judgment and

experience.)

= ™ = — T———
e
N e e e - »
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b. Switching for item selection. The amount of selection
.capability shall be dependent upon the number of switch-
ing actions which must be independently controllable.
Ltem selection should be provided by push buttons of the

appropriate types- (latching or momentary; interlocked or

independent) for the speciric switching functions.

¢, TItem labeling and feedback. 1Item labels applicable to
each modé shall be displayed on or adjacent to the item
selector switches, and labels which are inappiicable to
the selected mode shall not be visible. Appropriate
feedback shall be -provided to indicate the current state
of 2ach item selector switch. When switching to a new
mode, feedback shall be providéd as to the current state
of each switchable function. In addition, feedback may
be needed to indicate which switches can or cannot be
utilized in the current szde (i.e., by extinguishing
labels for switching funec.ions which are inapplicable).

5.4.3.1.3.5.2 Configuration - The physical configuration of the
keyset shall be appropriate to the switching functions it must
' haiidle and -to- the operator's task. A sample configuration is
shown in Figure ... .

5.4:3:1.3.5.3 Dimensions, Displacement, and Separation = The
push button switches used in multi-function keysets shall conform
to ‘the dimensional requirements for push buttons (paragraph
©5.4.3.1.1.2) as applicable.

. 5.4.3.1.3.5.4 Mounting - Multi-function keysets may be mounted
’ wherever -they are conveniently available for use.

5.4.3.1.3.5.5 Actuating Force - The actuating force for the push

" buttons_in multi-Tunction keysets shall fall in the range of
0.25 N (0.9 0z..) to 11.3 N (40 oz.). The larger actuating forces

: should be -used only with large-size illuminated switchcaps 2.5 cm

“«(1 inch) wide or larzer which may be needed to accommodate switch-|

capslébeliﬁg; The preferred actuating force is about 2.8 N (10
0z.).

" 5.4.371:3.5.6 Feedback ~ Feedback shall be provided per para-
. graphs 5.4.3.1.73.5456 and 5.4.3.1.3.5.1.

Professional judgment and experience,

‘|General agreement by reviewers.




Item Selectors (e.z.,

push button switches
with (ruwiciple) pro-
jected legends

| ezs1zovzes

FR!(ATES'

TANKERS -

[ MODESELECT
Fum,tion or Mode :l AIRCRLFT-QRAIR FIELDS SHIPS ,
Selectors (e.g., split-
half push buttons) .
- ———— ~
| Exanple 1
‘ *Note: Borders are pzo~
j

{Ships Mode)
jecced around
items that have
been selected

(feedbzck infor-

mation
[ MOCE SELECT iy S
Jaszezary JJArRFEtds § | suips PORTS MISC
. - : Example 2
] (Ports Mode)
i Figure

~ Multi-Function Keyset Format Exampies
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5.4.3.1.3.6 Menu Selectors

- 5.4.3.1.3.6.1 Spzcial Requirements ~ Menu selectors require con-
- trol at three lev2ls: (I) Function-level switching to select
- which one cut of the set of menu listings is presented on the

display, (2) a control for seizction of a particular item from the
menu, and (Z) a control for entry or activation of the selected
menu item. The function selecter should be ingtrumented as in
paragraph 5.4.3.1.3.5.1a. Selection of the menu i:er mav be by
veans cf a cursor controiled Uy push buttons, a thombwheel, light
pencil; or grid/stylus type device. The entry instruction

itself should be implemented zs5 a separate momentzxy—-coatact
switch.

Configuration — The physical configurarion of menu
selector controls and disnlays shall b. appropriate to the switch-
ing functiuns it must handle and to the operator’s rtask. Two
sanple configurations are sucwm in Figure .

5.4.3.1.3.6.3 Dimensions, Displ.cement, and Separation - The push
butrton switches shall conlorm t¢ dimensional requrrements for

. legend swtiches (paragraph 5.5.3.1.1.2). Thumbwheel control if

used shall conform to >.4.2.1.3 or 5.4.2.2.1.8.
conforr: to size and style in paragraph 5.5.5.

5.4.3.1.3.6.4 Mounting -~ The cursor coatrol (e.g., thumbwheel
or keypad) should be mounted beneath. .the menu listing. The ENTER
button should be close to and preferably to the right of the
cursor control. The function (mode) selectors should be mounted
conveniently near the cursor control.

5.6.3.1.3.6.5 Actuating Force = Actuating force for .push buttons
and thumbwheel contrcl sha all within ranges specified in

‘Menu labels shall

paragraphs 5.4.3.1.3.5.5 and 5.4.2.2.1.8.4 respectively.

5.4.3.1.3.6.6 Feedback - Feedback shall be provided per para-
graphs 5.4.3.1.3°4.6 and 5.4.3.1.3.5.1. Some readily apparent
means of differentiating selezted menu items from non-selected

items, such as underlining shall be employed.

‘because of growing utilization of

The topic of "menu selectors” is
new and deserves special attention

such techniques. The topic is in
the controls section rather than
under CRT beczuse the technique
is an alternative to use of the
multi=functior kayset,
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ORIGINAL REQUIREMENT

_ MFI COMMENTS

5.4.3.1.4 Togqle Switch Controls -

5.4.3.1.4.1 Application - Toggle switches should be used for functions
which require two discrete positions or where space limitations are
severe. Toggle switches with three or more positions shall be used only
where the use of a rotary control, legend switch control, etc., is not
feasible or when the toggie switch is of the spring-loaded, center-
position-off type, (Toggle switches are considered herein to be dis-
crete position controls. Small controls that are the same size and
shape as toggie switches and used for making continuous adjustments

are described herein as levers.)

5.4.3.1.4.2 Accidental Activation - When the prevention of acri4ntal
activation is of pxlmaxv 1mportance (i.e., critical, dangerous or
hazardous conditions would result), channel guards, lift-to-un.ock
switches, or any other equtvalent means will be provided. Safety or
lock wir~ <hall not be used.

5.4.3,4. Dimensions, Resistance, Displacement, ond Separation -
DlmenSI..,, resistance, displacement, and separat\on ‘Detween adjacent
edges of toggle switches shall conform to the criteria in Figure 1.

5.4.3.1.4.3 kesistance - Resistanse should gradually increase, then
drep when the Switeh Sfieps inio pus‘txo\ The switch shall not be
capable of being stopped beiween positions.

5.4,3.1.4.5 Orientation - Toggle switches should be vertically oriented
with OFF in the down position. Horizontal orientation and actuation of
toggie switches shall be employed only for compatibility with the con-

trolled function or equipment location.

Idea of a toggle taking less space
than small push buttons or other
switch types is hard to defend.
Statement also implies these others
should not be used for two-pusition
functions.

~Last statement does not seem

necessary - who does this today?

"Vertically=oriented” is not clear.
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DIMENSIONS RESISTANCE ' ; :
L D k
Arm Length Control Tip 1
* i Small Large ; |
Switch Switch g
- -
- Minimum 0.5 15" 0.125" 1 160z 10 0z - ]
{13mm) (38mrn) {3mm) {2.8N} (2.8N) \ "
Maximum 2.0" 20" 10" 1602 400z : 1
{50m:n} {50mmn) (25mm) (4.50) (11N) : - ;
y .
DISPLACEMENT | |
A }
2 Position 3 Position * .
Minimum 30 deg 18 deg i
Maximum 120 deg 60 deg i
Desirad axs . 25 deg .
- :
SEPARATION i
s ;
Single Finger I :
Operation Single Finger Siraultaneous Operation ; i
1 Sequentiai Operation by Different Fingers i t
Minimum 0.75” 1.0 0.5” 0.625" ;
- {13mm) {25mm) {13mm) (16mm} _
; Optimum 2.0" 20" 1.0" 078" ! i
! : (50mm}-{  (50mm) (25mm) ) (13mm)
; o SR
{ *Use by bare finger * *Use by gloved finger tUsing a lever-lock toggle switch
H
I
?
S Figure 11. TOGGLE SWITCHES . ‘
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j
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MF1 RECOMMENDED MODIFICATION

‘RATIONALE/REFERENCES

5.4.3.1.4 Toggle Switch Controls
5.4,3.1.4.1 Application - Toggle switches may be used for func-

tions which require two discrete positions. They may also be
used for three discrete positions but a rotary selector or push-
button array is usually preferred for this application.

5.4.3.1.4.2 Prevention of Accidental Activation - When the pre-
venticn of accidental activation 1s. of primary importance (i.e.,
critical, dangerous or hazardous conditions would result),

channel guards, lift~to~unlock switches, or any other equivalent
means shall be provid.d. }

5.4.3.2.4.3 Dimensions, Displacement and Separation = Dimensions,
1splacement, and separation between zdjacent toggle switches
shall conform to the criteria in- Table

5.4.3.1.4.4 Actuating Force - Except for the case of a three-
p031t10n, spring-centering switch, toggle switches should "snap"
into position, with an audible “cllck“ to provide positive feedbac]
that the switch has been activated: properly. The force require~
ment should gradually increase with di'splacement then drop as the
switch snaps into position. The switch shall not be capahle of
being stopped betweeii positions. The range of actuating force
shall be between 2.8 N to 11 N (10 to 40 ounces) depending on

the length of the switch handle,

5.4.3.1.4.5 Sw1tch Orientation ~ Toggle switches used for -ON-OFF
functions shall be oriented so that the handle moves in a vertical
plane unless there is a special requirement for the switch to

move laterally (i.e., due to a lack of panel space, to reflect

a left-tc—rxght relationship to some display, etc.). The ON
position shall be up, forward, or to the right. When toggle
switches are located on panels that slope as in "wrap-around"

or "stacked" workplace arrangements, switch orientation and
movement shall conform to criteria in Figure

Allows use of toggle switches but
docs not give them preference
over other types of controls for
the same function.

‘Displacement réquirements were relaxed
in some instances on basis of pro-
fessional judgment.

Clarifies orientation relationships.




Table

- Toggle Switches

APPLICATION CRITERIA

OESIGN CRITERIA

O1MENS IONS ; O SPLACEMENT SEPARATION
MINIATURE TOGGLE SWITCH: 0 =~ MIN DIAM]L - mMIN —_— — —_
N LIMIT USE -TO INDOOR APPLICATIONS = 0.125" LENG i =
_@ WHERE LIMITED PANEL SPACE PRECLUDES | (0,32 cM) 0.5"
y_-( STO SIIE COMPONENTS. (1.27 ¢m)
STANDARD CONFIGURATION: O = HIN DIAMIL - MIN —_— — _
USE LARGER SIZES FOR APPLICATIONS = 0.1875" LENGTH =
WHERE GLOVES OPERATION [S LIKELY, C0.48 Cu), | o.ub»
- MAX = (1.12 €M)
\ 0.3125" 10 1.0"
(6,79 ¢cH) €2.56 cM)
BALL CAP OESIGN APPLICABLE WHERE FIRMIO - MIN BALL [SaME As _ -_ i
GRASP OF TOGGLE [S-NEEDED (OUE TO OfAM = ABOVE
VEHICLE/OPERATION OSCILLATION), 0.187%"
C0.48 CM) A
MAX =
0.3125"
- | €0.79 ¢m)
FLAT OR APPLIED TAB HANDLES PROVIDE —_— —_— W o--MIN — _—
IMPROVED -VISUAL “POS I TION REFERENCE HANOLE
WHEN OPERATIONALLY- [MFORTANT, WIDTH =
0.1075"
(0.48 cM)
APPLIED TAB-HANDLE PROVIDES MEANS FOR — L - 0.378» LIE S YL —_— _—
COLOR CODING, €0.95 <M) ~(0.95 CH) -
PREFERRED -PREFEARED
H § MIN; -(MIN =
MAX = ]1,0" 0.1878",
MAX =
0.75%).
ALTERNATE TO ANY STD STZE CONFIGL - - — BAME -AS [SAME -AS L — —
TION ABOVE, ASOVE ABOVE
- 165
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Table - Toggle Switches (Continued)
m N CRIT
APPLICATION CRITERIA ~ — DESIGN CRITERIA
- B R O [MENS LONS DISPLACEMENT SEPARAT{ON
INO-POSETION SWITCHES -ONLY WHEN —_ —_— —_— {0 - DISPLACEMENT R
VISUAL RECOGNITION OF SWITCH ANGLE MIN, = 25°
POSTTION MANDATORY. PREFERRED
THREE-POSITION SWITCHES. - — —_— —_— O - DISPLACEMENT ——
in B MIN = 17 -
\1'/\ PREFER - 25%
SIOE BY SIDE ARRANGEAENT VERTICAL |- —_— _— —_ —_— § = CTR-CTRE ]
OISPLACEMENT. MIN z 075"
s . (1.9 )
MAX FOR SIMULTAN=-
Y EOUS, MULTI-FINGER
W) N uSE = 1.25%
o €2.86 CM)
ey B
s B -
—L
¥ T1P TO TIP SEPARATION e —_— p— —_— S - MIN = 1,07
(2.54 CM)
/ :
VERTICAL ARRAYS B —_— — —c— - — § - MIN = 1,0%%
- (2.54 CM) ;
H
@ - HNOTE: ADD 0.5"
) FOR GLOVES
: “ 166 :
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Table - Toggle Switches- (Continued) !
- |
. _ |
- " DESICN CRITERIA .
APPLICATION CRITERIA =
P I _ - - D IMENS [ONS DISPLACEMENT SEPARATION
GUARD SWITCHES WHERE ACCIDENTAL C = TIP- - I
OISPLACEMENT OF A SWITC~ HAY B8E GUARD — — — —
UNDESIRASLE (NOT NECESSARILY FINGER - i
DANGEROUS) CLEARANCE =
s MIN, 0.5 | ‘
(1.3 cmd -
— K = MIN-= — _ — = mm——
- 1.0% N
(2.5% cM), | )
1.26" FOR -
- GLOVES d
L= _ _ . h N - - 1
. 4 USE TWD-MOTON -SAFET-SWITCH WHEN — — - —_ —— S ~ KIN = {,0" Y
t—,—-s — - SWITCH-USE ERROR-CCULO LEAD-TO - B - - (2.5%-CM) '
Ve R DANGEROUS CONSEQUINCE. (PULL TO ~ R (2.9 PREFERRED)
OPERATE ) N N - - ADD 0.5 For
A ) . GLOVES.
) ¥ ‘
- - 1
i ' 167 )
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Table —- Toggle Switches (Continued)
et DESIGN CRITERIA
ATION- A -
APPLICATION € DIMENS 1ONS DISPLACEMENT SEPARATION
TYPICAL TWO-STEP INTERLOCKING SAFETY[D - MIN = S— —_— R $HOULD NOT BE CLOSER
SWITCH. 0.375" THAN-2.8" (5.0 CM)
€0.95 CM) T0-OTHER CONTROL OR
HAX = 0,625 STeucTuRe .
-€1.59 cm)
ALTERNATE COVER GUARD SWITCH, COVER |-  —— —_— — —_— MAY -BE SPACED 32
‘ EASILY COLOR-CODED, NOT APPLICASLE A,{Em :; 55?3"”
- FOR MINIATURE TOGGLES. (1.3-Cmy, y.0v
FOR GLOVES. 9
: - , - 168
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MF1 RECOMMENDED MODIFICATION - / RATIONALE/REFERENCES

5.4.3.1.5 Rocker Switch:COntrols a Rocker switches are common these
| days and were not covered in the
5.4.3.1.5.1 Application - Rocker sthches may be used for func- original document at all.

‘tions which require two discrete pos1t10ns, as an alternate to
toggle switcaes. They should be considered for applications
where the toggle switch handle protrusion might snag the operator’j
sleeve or phone cord, or, where there is insufficient panel space
for separate labellng of switch positions. (Rocker switches are
somewhat vulnerable to accidental operation by brushing~type
contacts, however.)

5.4.3.1.5.2 Dimensions, Displacement and Separation - QimensiOns, Professional judgment:
displacement and separation betwenen adjacent rocker switches shal
conform to the criteria in Table___

5.4.3.1.5.3 Actuating Force - The switch should "snap” into posi-
tion, with an audible "cllcE" to provide positive feedback that
the switch has been activated properly. The force required should
gradually increase with displacement, then drop as the switch snap$
into position. The switch shall not be capable of being stopped
between positions. The range of actuating forces shall be between
2.8 N to 11 N.(10 to 40 ounces).

5.4.3.1.5.4 Orientation = Rocker switches used for ON-OFF func-
tions shall be oriented so that the handle moves in a vert1ca1
plane, except in special cases where a lateral motion is to be
related to a right-left display relationship. Thé ON position
shall be -up, forward, or to- the right. Three-position rocker
swtiches shall not be used.

5.4.3.1.5.5 Color and ITlumination - Alternate colors may :be
used to denote Ehe<3N*and'GFFfport1ons of a rocker switch, _
Alternate illumination of either the ON or OFF switch p031t1on
may be used o provide positive recogn1t1on of which position
the switch is in. For other color coding considerations,

see 5.,2.2.1.18.
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Table = Rocker Switches
- DESIGN CRITERIA -
APPLICATION-CRITER (A e
LICATION-CRIT D IMENS ONS DISPLACEMENT- _ -] SEPARATJON
STANDARD ROCKER -SWITCH: — — — H = HEIGHT DEPRESSEDYS - CIR-CIR
3 ‘-i,5 -~ USE AS ALTERNATE TWO-POS'N TOGGLE MIN o 0.12%% _[. SEPARATION
: SWITCH TO PROVIDE LABELING SURFACE, €0.32 cM) | omin = 0.7sm
€ASE OF COLOR COPING, SWITCH 1= C1.9 i)
. - A =~ ANGLE = 30" MIN
ILLUMINAT ION. (40D 0.5%-FOR
JF oLoves).
S B
i & NARROW WIDTH, ESPECIALLY DESIRABLE | W - MIN z [L - MIN = I SAME -AS ABOVE | same A3 ABOVC
N FOR TACTILE DEFINITION WiIH GLOVES.| 0,25" 0.5 4
/ ’ Co.6% cm) | C1.22 ¢cm) ) :
i :
L,y 3
= —_— — — e s - min 1.0
rrae™ 1T (2.5 Cu)
H & !
ALTERNATE (CONTRAST).COLOR FOR ON VS —_ — _— — T —_—
OFF 10-PROVIOE. CONSPICUOUS CUE OF aE
SWITCH POSITION. “ILLUMINATED "ON" -1 1
DESIRABLE AS SECOND FEEDSACK CUE. :
171
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ORIGINAL REQUIREMENT HF I COMMENTS

5.4.3.2.1 Levers - This section omits many requirements

5.4.3.2.1.1 Application - Levers may be used wnen large amounis of which should be stated for levers.

force or displacement ire involved or when multidirensional movements Applications statement not sufficiently

of controls are required. comprehensive.
5.4.3.2.1.2 Coding - When scveral Jevers are grouped in proximity to Not all closely-grouped levers should
each other, tae lever handles shall be roded. be coded. ’

5.4.3.2.1.3 Labeling - “hen practicable, all revers shall be labeled

as to function and direction o’ motion.

5.4.3.2.1.4 LUirb_Suppore - When levers will Ee ysed Lo rake fine or
cantwnuo ;s edjusiments. support shall be provided Tor the appropriate
1i:b sequment as foliows:

a. For large hand wovenents: elbow
b. For szall hand moverents: forearm
¢. Ffer {inger moverentS: wrisi.

5.4.3.2.1.5 rwnsions - The lenitn of le.ars chall de Jetarmined by

the mecnanzca: atvanteqe needed. Jner. the lever or arip handle is
spherical, its diamezer shall soniorm with Figure 13,

4.3.2.1.6 Resistance - Tne resistance incorporated in levers shall
bn w\th1n the Timits in¢icéted in Figure 13 measured 3s linear force
appiied to a point on the handle. NOTE: The right hand can apply
slightly more force than the left, but the difference is not significent.
The same amount of push-pull force can be appiied when the control is
along the median plane of the body as when it is directly in front of 3
the arm, 7 inches (180 mm} 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 10 to 19 inches (250 to ;-
480 mm) forward of the neutral seat reference point, twice as much push-
pull force can be applied with two hands as with one-hanJ operation. ’
Outside this range twec-hand operation becomes less effective.




ORIGINAL REQUIREMENT MF1 COMMENTS

5.4.3.2.1.7 Eglestic Resistance - For joystick controls, elastic resis- ‘
tance which increases with displacement may.be used to improve "stick !

fagl™,

5.4.3.2.1.8 Displacement and Separatior - Control displacement (for
the seated operator) and separation shall conforr to the criteria in j
Figure 13.
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MF1 RECOMMENDED MODRIFICATION

RATIONALE/REFERENCES

5.4,.3.2.1 Levers

5.4.3.2.1.1 Application - Lever-type controls may be used when
large force or glspIacement is 1nv01ved, as- an alternate control
interface for electrical switching when it mday be more cost-
eéffective to provide direct mechanical llnkage bétween the con-
tvol and controlled element, or when multidiménsional, mechanical
or electro-mechanical, multi-stage control modes are requxred
(e.g., gear shift). Lever-type controls should not be used where
very precxse electrical outputs are required (i.e., in lieu of a
precision electrical adJustment where a rotarw controller is
mroe appropriate).

Levers should be considered for the following general classes|

of control:

a. Braking (e.g., mechanical)

b, Mode Selection (e.g., environmental system)

c¢. Gear Selection (e.g., vehicle/machiﬁe ‘transnission)

d. Gross, Continuous Adjustment (e.g., ‘température, audio
volune, throttle, etc.)

e. Steering (e.g., joystick, tracked vehicle, etc.).

5.4.3.2.1.2 Location, Position, Direction_and Range of Movement -
The location, position reiative to the operator; and- direction and
range of lever movement shall be compatiblé w1th operator reach,
mobility, natural movement.s and strength eapab1 ties, In addil
tion, direction of motion requ1rements notéd in.'5,1.3 shall be
observed, When high forces are required of the operator, the
lever handle shall be located ‘between waist -and:-shoulder levels,
and: the force should normally be applied in -a--pulling direction.

5.4,3.2.Y.3 Limb and Body Support = When 1evers will ‘be used to
maké fairly precise or continuoUs adjustments, support shall be
provided. for the appropriate limb segment as £ollows:

This section covers lever applica-
tions in a more comprehensive way.

Ref: Woodson and Conover, Human
Engineering -Guide for Equi

Degigners, .
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MF1 RECOMMENDED MODIFICATION

a. For large hand movements, support the -elbow,
b. For small hand and wrist movements, support the forearm.
c¢. Four finger movements, support the wrist,

5.4.3.2.1.4 Force Requirements - The forcés required for movement
of levers shall be within the limits indicated in Table

(measured as linear force applied to a point on the lever handle,
and/o: in conformance with criteria--provided in Figure 15. For
joystick controls, elastic resistance which increases with dis-
placement may be used to improve "stick feel".)

5.4.3.2.1.5 Detents — When levers are usSed as selector” control-
lers, mechanical detents shall be prov1ded (in addition to panel
labels or markings) to provide tactile feedback indicating that
the lever is p051t3ve1y p051t10ned at -designated settings. Detents
and panel markings shall coincide precisely.

5.4.3,2,1.6 Non-Slip Handles - Surfacés of lever handles shall
provide sufficient Iriction (i.e., by means of the spec1f1c
material used, and/or addition of serratlons cr knurling) to
reduce the probab11 ty of the operator's hand or fingers slipping
while operating the lever.

5.4.3.2.1.7 Dimensions, Displacement. and Separation - Lever
dlmen91ons, displacement and separation sﬁa[E‘conform to criteria

in Table .

5.4.3.2.1, 8 Marking and Labeling -~ ‘Whete appropriate, lever
handles shall be marked and/or labeled for ease of positioning
and identification (see 5.5).

5.4.3.2.1.9 Coded Handles ~ Color end/or shape coding may be used
when it is important For che operator to quickly identify and/or

dlfterentzate among criticdl controls -or séveral controls that may|

be .grouped in proxxmlty to each other. When shape codes are used,,
they shall be designed so that they do- not interfere with the
basic requirements for ease of manipulation, and shall be free

of sharp corners that could result in -operator injury in the event
of violent contact by the operator.

RATIONALE/REFERENCES

See MIL-F-8785 (ASG).

Adds a requirement for detents.

Adds a requirement for non-slip

handles.

Ref: Van Cott, Human Engineerin
1 Guide ‘to E vipment Design,

Refers to AFSC requirements for

coding; prohibits: sharp corners.

s a.:,\f




Table

___ = Levers

|
z
|

APPLICATION CRITERIA

DESIGN CRITERIA

D IMENS [ONS

SEPARATION

SLIDE-LEVERS -MAY BE USED-FOR LOW-
FORCE, CONTINUQUS ADJUSTMENT OR
GROSS -MODE SELECTION (DO NOT USE
FOR PRECISE-SETTING.

HANOLES SHOULD BE “TAB"-SHAPED, WITH
LONG OTMENSION.PERPENDTCULAR-TO
MOTiON-AX!S-(E.C., TO-SERVE AS-A
POINTER).

MOVEMENT-AX1S-MAY BE UP-DOWN,
LATERAL OR FORE-AFT. FUNCTIONAL
INCREASE SHALL BE:

T
. PIGHT
. FOKWARD-

BANKED, SLIDE-LEVER ASSEMBLIES. MAY BE
USED -FOR ELECTRICALLY AND-OR- MECHAN-
[CALLY CONNECTED SELECTOR OR-ADJUST-
MENT FUMCTIONS, TO PROVIDE-RAPID
VISUAL CHECK OF RELATED SETTINGS,

< -
NOTE: REZISTANCE -FOR ABOVE COWTROL
TYPES ‘SHOULD 8E; -

MIN-= 10 OL. (2.8 N)

MAX - 40 OZ.-C110-N) ie

SAME AS
ABOVE

WITH GLOVES

—

0.25"
€0.64 CM)-

SAME AS
| asove

M - MIN, =
0.625"
~1.59 CM)

SAME AS
ABOVE

DISPLACEMENT

—

S = MIN =-0.75"
“C1.9 CM) OR 1.0"
“C2:5% CM) WITH
GLOVES

EAME AS. ABOVE

————

b




Table

- Levers (Continued)

e o ——

DESIGN CRITERIA

APPLICATION CRITCRIA DIMENSIONS DISPLACEMENT SEPARAT [ON
THROTTLE LEVERS: HANDGRIP MAY BE o : .
EITHER CYLIWDRICAL OR SPHERICAL.
D - MIN = L - MIN.= € . SAME AS —_— 2.0 (5.1 CM) MIN,
0,75" 2,57 AHOVE “FINGER CLEARANCE
(1.9 CMY- (6.4 CM) ALL SIDES.
MAX = 1.125°
£2.86 CM)
0, - 1.50" & -
g5 -
(3.8 + 0.60 -
CH)
MULTT-ENGINE THROTTLE -ASSY; —_— — —_— —_— S - TYPICAL =

NOTE: WHEN THRUST REVERSE IS INCOR-
PORATED, THE DESICN SHAALL REQUIRE
A TSEPARATE MANIPULATIVE MOTIOW
1.€., PLIFT & AFT LEVER- MOVEMENT,

IR

4,0" (10,2 Cd:
NOT TO EXCEED
5.9"-C12.7-¢m)
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OESIGN CRITERIA.

ﬁ APPLICATION~CRITERIA

. _ __DIMENSIONS DISPLACEMENY SEPARATION
GEAR-SHIFT LEVERT
MANUAL TRANSMISSION: D-KNOB-DIA- —_— _— 0, AND D, MIN. BE- ) N/A
: : “METER = o
N o ERE MG P TWEEN-O1SCRETE
LOCATE FORRIGHT HAND -OPERATION 1.25~- POSINS = 2.0
PESISTANCE: APPROX. 2-30°L8, o) {5229 CRY; mAx. )
3-133.%) > TOTAL = B.0%
R - C20.32-¢cH> -
© AUTUMATIC TRANSMISSIONZ_ 0 -HANOLE —_ C-FINGER GEAR SHIFT - MIN. )
{8, PREFERRED; 8, ACCEPTABLE). . 01AM = i CLEARANCE osrwe:u POSINS =
1 . -0.75"~1,25" BETWEEN L0 - (z 'S4 CM)-Z0R=
oeTentED POS NS RQU.: €1.9-3.2 Ch) LEVERS Awo 1B ; 1.5% (5.87CH)
i S . LF- CYLINDRI - wHEEL RiM-z |- -
A. OTHZR FUNCTIONS: CAL, -1.0%- miN. 7.0m .
1. TURN-SIG ~ ROTATE ASOUT COLUMN;!-I.25" IF ¢5-1 ¢H)
. -CW-T:R-TURN, CCW =-LEFY TURN | SPHERICAL
2. HEADLIGHT -DIHMING = LEVER- MOVES } :
TOWARD Z8OTTOM=OF :COL. FOR- - - .
f "o'ﬂ“ X
8. LETTERS-SHALL ILLUHINATE To=iwoi- |- - - -RESEARCH - OATA -NOT
o CATE POS'N OF LEVER- _| AVATLABLE BUT -RE-
RESISTANCE: APPROX, -1-10.48. i . : °°""E"° 1h0=z.00 o
o H-b8-N). . A . €2.54-3.1 CM)-8E-
: i . tvu.u OETENTS,  *
A UT SHALL 8E 1APOSSIBLE-~TO: LEAVE _ . :
GEAR-LEVER :BETWEEN_POS'NS , “SEPARATE "
HOTIONRQD TO-POSITION:LEVER IN° _ |-
-1 REVERSE:(I5E., UCIET:0R PRESS THUMS |- A
T BUTION). ] i T -F
- - . 76 i
. - = o . . ) ;‘
- . [
_ L »
— SENER bt = e e——
- ~ - lﬁ ‘7‘—; =
- ‘F‘ = -, :

w
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Table - Levers (Continued)
- DESICN CRITERIA .
; APPLICATION CRITERIA ) D IMENS TONS _ OISPLACEMENT : SEPARAT [ON
: TWO-POSITION, SPRING-RETURN-TO "OFF" |D - MIN = W - MIN = —_— OISPLACERENT = 1.0- —_
TAB-LEVER, USE ONLY IN UP-DOWN 0.75" 1.0 3,0% (2.54=7.6_CH)
ORIENTATION. (1.9 cH) €2.54 CH) . .
- RESISTANCE: APPROX. 1-6 L8 ’

{b.e=22 N>

HEAVY~DUTY LEVER OEVICE MANDLES

SHOULD PERMIT USE OF AT LEAST THREE
FINGERS. USE ONLY IN UP-DOWN ORIEN-

TATION,

RESISTANCE :
Ch. bbb N)

APPROX. 1.10 L8

D - MIN, =
0.625"
-(1.59 co)

L - MIN, =
"

‘2.5
6.4 CM)

¢~ MIN
< CLEARANCE =z

A
e
. e
- 3w
o o
T X
A ~
~
I

MIN, SEPARATION

“-BETWEEN ENDS OF

HANOLES =-0.75"
€1.9 cH) or 1.0"
€2.%6 €M) WITH

C-GLOVES; MIN. OF

270" CLEARANCE
BEHIND HANDLE.

177




R e ——

et e A g ey [N
S T .

|
I
é
i

’
¥
!
\
. '
!
Al 13
Table - Levers (Continued)
DESIGN CRITERIA
APPLICATION CRITERIA
OIMENS [ONS DISPLACEMENT SEPARATION
HAND BRAKE, WITH THUMB BUTTON RE~ O - DIAM = L= LENGTH = NOMINAL = %.0"=5.0" MIN = 2.5" (6.4 CM)
LEASE, (SEE ALSO FOOT PLOAL ALTER=- 1.0"=1.25" 4o €10.2-12,7 €4 ALL SIDES OF MANDLE
NATIVE). (2.56=3.2 (10.2 cM)
cM) HIN.
Ly - LOUP MANDLE ACCEPTABLF 8 LENGY» |C - MIN
MmN = b g CLEARANCE =
C11.% CM) 2,0"
-€5.1 €M)

HiGh FORCE LEVERS:
CIR OF MANDLE SHMOULD BE APPROX.
9-10" LATCRALLY FROM OPERATOR
CENTERLINE, AT ELBOW LEVEL. PROVIDE
CLIP-TYPE RELEASE WHERE APPLICASLE.

KOUND OR OVAL -SHAPED HANDLE SHOULD
8€ USED.

RESISTANCE: APPROX. MAX - L2- L8
(187 2

axbd =z 1.5 x

2.5% €M)
MAX;

D =z 1.5"
1.75"
(3.0-4.48
CH) wiTh
CLIP LEVER
MAX FORE-AF 1
SPAN SHOULD
NOT EXCEED
3.0"-(1.6 -
cn)

S 10" (3.8 x|

MAX FOR SEATEDL- OF =
15.0" (35.6 CM)

MIN CLEARANCE $MOULD
8E 2.C" IN FRONT,
3.0" EITHER SIDE.
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5.4.3.2.2 Push-Pull Controls

5.4.3.2.2,1 Applications - Push-Pull controls may be used when
two discrete Tunctions are to be selected. However such applica=
tions 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 switéh

configuration that provides three "pull" positions (e.g., OFF/
Park/Headlight) plus a rotary panel light and dome light switch).

5.4,.3.2.2.2 Handle Dimensions, Displacement and Clearances -
Push~Pull control handles shall conform to criteria in Table _

v

5.4.3.2.2.3 Rotation - Except for combination push-pull/rotate
switch configurations, push-pull control handles shall be keyed
to the shaft so they do not rotate, unless the control is to be
used for a special handbrake application, in which case the handle.
is rotated to disengage the brake setting. When the control :
system provides a combination push-pull/rotate functional opera=<
tion, a round knob style is used, the rim of the knob shall

be serrated to denote (visually and tactually) that the knob has:
the capability of being rotated.

5.4.3.2.2.4 Detents - Mechanical detents shall be provided push~
pull control configurations and these shall provide sufficient 1
tactile indication of positions that the operatn: is not in doubt
as to when the control is "in-position".

5.4.3.2.2.5 Snagging and Inadvertent Contact - The following
shall be considered 1n determining whether to use push-pull type
controls,  where they should be located and in what direction the
operating axis should be: -

a. Possibility of bumping a control while getting into or
out of the operator position (e.g., as in a vehicle).

NEW: This type of control is
not presently covered by
1472B. Such controls are
typical in vehicular
systems and- therefore
should be included.

Ref: Woodson and Conover, Human

Engineering Guide for Equipment
Designers, 1966, p. Z-I%I.

|- Serration of rim on knobs which

rotate as well as pull maintains

- compatibility with requirement for
‘| serration of all continuously-
Eadjustable knobs.

— s
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Table =~ ‘Push-Pull Controls
- = DESIGN CRITERIA
APP ATION CRITERIA
~ Lic ~ ~ Ex _ DIMENSIONS _ DISPLACEMENT SEPARATION
. PUSH-PULL CONTROL,. LOW RES ISTANCE, D - MIN DIZMIC - MIN 1.0% o 0.5" 5 -« MIN SPACE BETWEEN
. FOR TWO-POS{TION, MECHANICAL ANDJOR | = 0.75" CLEARANCE = €2:65 » 1.27 ¢y | = 1.5% (3.8 cm),
ELECTRICAL SYSTEMS €1.9 CM) 1.0m 2.0 (5.1 CM) Witn
R (2.5% ¢M), GLOVES
{ ALTERNATE TMREE-P0S'N PLUS ROTARY 1.5 MIN BETWEEN PULL
N ~S FUNCTION ACCEPTABLE FOR APPLICATION (3.8 CH) POS'NS = 0.5"
L SUCH AS VEHICLE MEADLIGHT PLUS PARK- WITH GLOVES C1.27 cH)y
-0 ING LTS., PANEL § DOME LTS, PROVIDC
SERRATED RIN.
ALTERNATE HANDLE; MINIATURE ELECTRI~ | O = MIN DlAM N/A L - MIN 0.5" €1.27 €M) MIN, IS = mIv = 1.0v
. CAL PNL SWITCH ONLY. AVOID GLOVE = 0,25% LENGTH = €2.54% cm)
2 USE APPLICATION. €0.64CM) 0.75m
(1.9 ¢M)
H] FORCE PUSH-ﬁULL, FOR TWO=POSITION [W - MIN 0 - DEPTIM-: |C -~ MIN MIN = 1.0 (2,54 CM
MECHANICAL SYSTEM ONLY. WIDTH =z 0.625"=1.5"1 CLEARANGE = | 2.0 (5.1 CM)
4.0 (1.59-3.8 | 1,280 PREFERRABLE
(10.2 ¢cm) | cm) (3.2 ¢,
1.8n
(3.8 CM)
WitH GLOVES
SAME AS ABOVE PREFERRED WMERE POS- | SAME AS SAME AS same as SAME AS S - MIN z 0,35
STOLE_CARMENT OR CABLE-SNAG POS. ABOVE ABOVE ASOVE ABOVE “(1.27-tH)
SIBLITY EXISTS, )
NOTE: | § 2 FINGER PULLS‘:A(LSO-'ACC(PT- c(:—o.u" ey = 200 cfe, 2 a.en
ABLE FOR LESS THAN & LS (17.8 N) S £1.9 €M) FoR
i (5.0 Cx) Forl (2.5% CH)
APALICAT ONS, - ONE Fincen | 1200 82 Ao For Twe
i-0 FINGERS
- (2.5%-Cn)
- FOR GLOVES
180
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b. Possibility of snagg;ng clothing, communication cables,
or other equtomerL ltems on the control.

c. Poss1b111ty of inadvertently deactivating the control
setting as the operator reaches for another control.

5.4.3.2.2.6 Direction of Control MOthﬂ - Contrcl direction shall
be as follows. -

a. Pull towards the operator for ON or activation; push away
for OFF or deactivationm.

b. Rotate to -the right for activation or increasing function
in the csse of combination pull/rotary switches. An
exception shall be permitted in the case of certain con-
temporary automotive switches (e.g., combination head-
light, parking light and panel/dome light switch).

5.4.3.2,2.7 Force Requirements — Preferred maximum forces for

pulling a panel control with Fingers should be 17.8 N (4 lbs.);

for pu111ng a T-bar with four fingers the maximum should be 44 N
(10 1lbs.).

Ref: Woodson and Conover, ‘Human
Enginéering Guide for Equipment
Designers, 13966, p. 2-101.
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5.4.3.2.3 Integral,:HandIe-Mounted Controls- NEW: These types cf controls are
S not presently covered by
5.4.3.2.3.1 General ) 1472B, although they are
used quite extensively in
5.4.3.2.3.1.1 Aggllcatlon - Handle-mounted, auxiliary controls military systems.
may be integrated into the handles of primary controllers such

as Joystxcks, equipment such as cameras, power :tools, etc., when
such intégration enhances the simplicity dnd/or efficiency and
safety of system operation.

5.4.3.2.3.1.2 Number of Controls -~ The number :0f controls inte- A limit of 3 is needed to prevent
grated into a handle shall not exceed three (e.g., a trigger, plus| designers from going overboard and
two thumb-operated switcheés in a joystick handle) unless specified implementing too many functions

by the procurement specification or upon specific approval by the in a single control mechanism,
procuring agency. based on professional judgment.

5.4.3.2.3.1.3 Inadvertent Input -~ The type of auxiliary switch,
its motion characteristics and location shall be such that movemeny
of the auxiliary switch will cause minimal probab111ty that the
primary control or equipment operation and/or positioning is
inadvertently disturbed.

5.4.,3.2.3.2 Thumb_SQigches

5.4.3.2.3.2,1 Switch_ ?zges - Push buttons, slide, or rotary
thumb switches may be used as appropriate for any of the follow-

ing switch modes:

a. Push button: ON-OFF (e.g., communication).

b. Two-dimensional toggle: two-ax1s spr1ng centering
(e.g., aircraft trim). . . b

c¢. Slide switch: slngle-axzs -ON-OFF, momentary ON. plus
ON-Hold (e g., safety switch for hand=held power tool).

d. ‘Rotary thumb wheel: rotary selector (maximum of three
positions), continuous adjustment (e. .83 audio volume).

Other auxiliary thumb-operated control -applications shall ) 7
- be subject to the approval of the procuring agency. i
i
{
i
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5.4.3.2.3.2.2 Location and Operatlon - Thumb switches shall be
positioned and operate in a fashion that is compatible with
comfortable and natural thumb articulation limits, considering
the total range of hand sizes for the expected user population,
and constraints imposed by ‘the wearing of gloves,

5.4.3.2.3.2.3 Actuating Force - The actuating force required shall
not exceed limits For push buttons, slides or thumbwheels as
specified in other sections of this standard.

5.4.3.2.3.2.4 Dimensions and Displacement - Dimensions and dis-
placement of handle-mounted, auxiliary, thumb switches shall
conform to criteria in Table

5.4.3.2.3.3 [Index Finger-Operated Switches and Triggers

5.4.3.2.3.3:1 Application - Index finger-operated, aux111ary
handle-mounted controls should be used for typical "trigger"
operations (e.g., weapon firing, camera film operation, power
‘tool motor activation, etc:). Since the operator typically
expects to use the index finger for these types of functions,
other index finger operations shall not be implemented without
express. approval of the procuring activity.

5.4.3.2.3.3.2 Location and.Operation - Trigger controls shall

be located and operate in a manner that is compatible with the
inherent limitations for using the basic control :handle, i.e.,
the operator shall not be requxred to shift his or her hand

from the normal hand grip position in order to actuate the
trigger. If the tr1§ ger must be operated s1mu1taneously while
holding another auxiliary switch (safety), location and operation

of both controls shall be such that the operator can comfortably
and naturally actlvate both -controls without inadvertently dis-
turbing the primary handle positioning or aiming. Special con-
sideration shall be given to restrictions that may be imposed
by handware effects on -finger reach ard mobility,

Professional judgment, based on
anthropometric relationships.

Incorporates population stereotypes
with respect to use of triggers,
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{
—— — - |
|

5.4.3.2.3.3.3 Actuating Force - Trigger-pull characteristics, in-| No research data on trigger

.cluding force profile for trigger displacement shall be as resistance and dynamic character-—
specified by the procurement agency. Unless otherwise directed by| -iscics could be found.

the procuring activity, trigger response shall be "even” through-
out trigger pull, i.e., breakout vs. steady-state shall be approx-
imately equal with no apparent "build-up" prior to final contact
with the mechanical stop.

5:.4.3.2.3.3.4 Safety - Inadvertent trigger operation shall be
mininmized through proper use of trigger guards, safety latches
or other means to prevent (1) inadvertent operation during
non-operating modes (i.e., storing or carrying) and (2) inadver-
tent operation during primary firing/operating modes (i.e.,
trigger activation before the operator is “ready”.

5.4.3.2.3.3.5 Dimensions, Displacement and Clearance - Tiigger Professional judgment based on
dimensions, displacement and clearance limits shall conform to anthropometric relationships.
criteria in Table .

J 5.4.3.2.3.4 Grip-Actuated Switches

5.4.3.2.3.4.1 Agglicatibn - Handle-mounted grip switches shall
bée used only for discrete-ON-OFF enabling functions with respect
‘to (1) a trigger mechanism, or (2) contrcl outputs from a joy-
stick-type device.

5.4.3:2.3.4.2 Dimensionsl Displacement and Actuating Force - The
/gripéactuated switch sha e compatible with the natural place~ -
ment and contour of the operator's hand palm, as it conforms to
the handle during use of the primary handle manipulatioen (i.e.,
for moving a joystick, positioning a tool or camera). The switch |
tab should be approximately 3 inches (7.6 cm) long by 0.375 inches|
3,95 cm) wide, and rounded edges. Switch displacement shall be
-between. 0.125 and 0.25 inches (0.3-0.6 cm). Actuating .force
requirement shall not exceed 5.0- 1bs. (22.5 N), nor be less than
10 oz. (2.7 N).




Table

- Grip-Mounted Switches

DES LN $ad LT
APPLICATION CRITLRIA SIRENS 108 DISPLACEMENT SEPARATION
’ THUPE-ACTUATED SWITCH, TWwl 08 TeREE L - miv Sw  |o = min —_ D - MIN = 3.25% NiA
POSITIZN, SINGLE AXIST TTS{ZAL LENGTR 3 wIoIH = €e.&u cr3
e APFLIZATION iS SUFPLEMENTRL N.CFf 1 0525~ 5.5 mAX z 338 (L3
= FUNCTICN COUPLED 13 patmaar cowiagn | €1.5% ¢r) | €68 oy o
@; bt GRIP, CONCAVE CONTACT SURFACE Wifm
N et SERRATICN DESIRALLE,
) s - PREFERDED
AWSLE SE-
TwiEy 33 AnD
v a5 S€C. :
» e y =
L M S
== r‘rs_.. ™ INCEX FIWER OPEIATED TRISGERT Lo mins {Sarr ag —-— D - MIN z 6,525 I - GRIPJIRIZLER CIA
G N PO AEPLITATIONS INLLUDE wAwD wEXBGNS, | 1.0 282vE (5.32 ¢my SPACING = 2.8 =
i < JOT5TCK WEAMDN FRING CONTREL, ETC.} (2.5% Cm) -max z £.425% 5.357 £$.1 2 £.5%
LfE) . SLIGHT CONCAVE SURFECE DESIERICE. t.3% <n3 2wy
= e 7
P LeneR
S T8 OSERATED, TWO-DImEmSIomat <, [0 - Otam-x b z 8,75 . — o - miw = 0,24~ /A
_ - TTAINCCERIZRING: TYPICAL APPLICA- 8.75" & .25 {9.66 Cm)
4 e { TION TRIM Z:4TROC. SWITCN CAS SwOww |. 8.23% (1.9 o e.6% nax 2 8.73"
. ety 15 -2YpicaL. 1419 . <) 1.9.¢cmy
r i0.60 Ty
YT ox
1y 3

QEF- W 0017 FOR SPECIAL YELICOPTER
CRIP-SWITC REQR* TS, B
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Table = Grip-Mounied Switches (Continued)
APPLICATION CRITERIA DESIGN-CRITERIA —
' DIMENS LONS . DISPLACEMENT SEPARATION
ACTIVE THUMB-OPERATED SAFE1Y/TRIGGER I
CONTROLS J— —_— P _
><—m HECHANICAL THUMB SWITCH GUIDE (SPRING
. ey = G i
¢ Oty 10ADED, MOMENTARY-TO-OfF). MUST
N o tetam HAVE THUMB™ SWITCH IN MOMENTARY-OR-
RETAIN, 10 ACTIVATE JRIGGER.
N
\
N
MCHENTARY SAFETY BUTTON (MUST BE HELO _— _— _— —_—
TO ACTIVATE TRIGGER),
.
\
sarcey  \
Qil!l“
186
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b b TwozAxis Controllers for Displav Svstem Applications

.4.4.1 CGeneral - Display systems requiring a single operator
¢ m3ake con%rol movéments along two orthogonal coordinate axes
imultaneously should utilize one of the following types of
ontrollers: simuktaneously-operated handcranks, ball control,
oystick, grid and stylus devices, pantograph, or free-moving

v controller (Mouse). Selection should be made on the basis

f matching concroller characteristics with systen requirements.,
ve Table and paragraphs 5.4.4.2 through 5.4.4.9.

wa,4.2  Simultaneously~Operated Handcranks

~4.6.2.1 Application - Simul.aneously-operated handcranks should
- usced in preference to other two-axis controllers where extreme
Jrecision 5 required in setting crosshai=s or reticles as in

ap readouts or optical sighring mechanisms. This type of control
ay alsobe used in other applications requivriug x and y control
tovided there is no reguirement for rapid eor frequent operation.

i 4.2,2.2 ¢
he gear ratio and dynamic characteristics of the cranks shall he
&5 to allow precise placement -of the follower (e.g., cross—
) without overshooting or undershcoting and successive
ctive movements.,

pewified for single cranks ia paragraph 5.4.2.2.2 and fligure 7.

4.4.2.3 Dimensions - The .dimensions for handcranks shall be

s indicated in figure 7.

b4.4.3 Ball Control (Also known as track ball, ball tracker,

oyball, and“foi{xﬁg'bafl.)

:4.4.3.1 Application = A hall control. suspanded on low-friction
.- i s - ’ = R T
;arings may 0¢ uscd for vacious. control functions such as data

.ckof£f on a display. The ball control, because of its inherent
ssitional stability is particularly well suited for -use on moving
atforms. The ball control cannot provide an automatic return

b point -of origin, hence if used in applications requiring
itomatic return to origin following an entry or readoyt, the

This is a new section which presents
requirements for two-axis coatrollers
‘which are used in conjunction with

displays. It cov.rs simultaneously- %

‘operated handcrarks, ball controls,
isometric joysticks, isotonic joy-
.sticks, free-moving xy controllers,
light pens, and stylus actuated
tdevices. The coverage includes
iapplications, dynamic character=-
‘istics; and dimensions and mounting.

Simultaneously-operated handcranks
are preferred for precision because
there is n» cross—coupling between
the axes as is the case with a
single device operating in both
axes of movement.

This is necessary new material
because of the extensive use of
ball controls.
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Table - Two Axis Controllers for Display System Applications
Acceptable Display Applications
Type of Controller Control Order XY Data Continuous Free-Drawn Setting
teilized Pickoff Tracking Grzaphics Cross-Hairs
{ Simultaneously- RPosition (Not fcceptable) | (Not Acceptable)| (Not Acceptable) Good
| Operated Handcranks -
1 X B , _ N
: Rail Control Position Good Fair Poor Good |
|
_ - X - — _ ,? :
P Isomatric Jovstick Position, Rate, Gouod Good Fair Faiy
: (Stiff Stick) - Aided
i B - _ B _
) " !
Isotonic Joystick Position, Rate, .
. o P Good Good Good Fair
(Displacement Stick) Aided
Grid and Stylus Position )
Devices Good Fair -Good- Good
B - _ , , e I - |
‘ = 1
{ Frée-Moving XY . Position Good Not Acceptable -[ (Not Acceptable) Fair
Controller (Mouse)
Light Pen (augmented)| Position Good Fair Good Fair
188
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interfacing system much prov1de this. Because the ball can be
rotated without limit in any direction it is well su1ted 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 not

be used for velocity control or in rate-aided control systems.

5.4.4.3.2 Dynamic Characteristics — The ball control shall be
capable of rotation in any direction so #s- to generate any com-
bination 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). For appllcatlons
requiring precise control, ball controls shall have frictional
resistance of less than I N (3.5 oz.). For ball controls used
under vibration or acceleration conditions, frictional resistance
may be increased to 1.7 N (6.0 oz.). Nelther backlash nor crosc—
coupling shall be apparent to the operator in manlpulatlng it.
Control ratios and dynamic features shall be designed. to meet

the dual requirement of rapid gross positioning and smooth, pre-
cise fine positioning. Ball controls should be used :only as
position controls (i.e., a given movement of a gall makes -a
proportional movement of the follower on the display).

5.4.4.3.3 Dimensions and. Mounting - The diameter of the ball
sﬁall be between 5 cm (2.0: inches) and 15 cm (6.0 inches) depend-
ing upon the .application and mode of operation to be used. The
smaller diameters should be used only where space ava1lab111t1

~is tight and when there is no need for great precision._ A dia-
meter of approximately 10:-cm (4.0 inches): is preferred for most
applications. 'The preferred mounting for the ball control is in
a horizontal surface such -as a shelf or desk vop as shown 1nf

Figure _. _The exposed ball surface should be between 100° and
140° with 120° preferred.

=5 4.4.4 'Isometric Joystick - (Also known as stiff stick, force
stick, or pressure Joystxck)

5,4.4,3.3 These requirements are

When controlling velocity it is |
1mportant to- know where the zero- 1
zéro point is physically lcoated. '
The bail cannot provide this, but
ithe centered position of a joy-
stick does provide it.

Professional judgment.

comparable with- the characteristics
of devices manufactured by o .
Measurement Systems, Inc., a

fhxghly regarded vendor in this .
area, g

Exposure of too .much ball surface |
would allow appllcatxon of force

at points on the ball's surface

where the resulting torque would

. be substantially reduced. Exposing
- too little of the ball surface o

would limit the movement -of the
hand to needlessly small excursions.

§
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5.4.4.4.1 Appldcation ~ The isometric joystick may be used for
c¢ontrol of various alaplay functions such- as data pickoff from

a CRT., 1In rate control appl;catlonb which may allow the follower
to transxt beyond the -edge of the display, 1nd1cators shaldl be
provided in order to advise the operator how to bring the follower
back onto the display. Isometric Joystlcks are partlcularly
appropriaté for applications: (1) which require réturn to center
after .each entry or readout; (2) in which operator -feedback is
primarily visual from somé svstem response rather thas kinesthetic
from the stick 1tself and (3) where there is minimal delay and
tight coupling between control input and system reaction. 1Iso
metric sticks should ordinarily not be used in any appllcatlon
where it would be necessary for the operator to maintain a con-
stant force on ‘the stick so as to generate a_constant output over
a sustained period of -time.

5.4.4.4.2 Dynamic Charactevristic - The isometric stick shall
‘have -minimal deflection in"response to applied force, except
that it may deflect perceptibly against a stop at full applied
force. The x and y -output should roughly approximate the magni=
tude of the applied: force as pérceived by the operator. -Maximum
force for full output with fingertip operat1on shall not exceed
44 N (10 1bs.). For hand=grasped joysticks maximum force for
full output shall Aot exceed 119 N (26.7 1bs.). One or more
switches actuated either by thumb or flnger ‘pressure may -be
1ntegrally~mounted if compliant with 5.4.3.2.3.

(w1thout 1ntegral sw1tch1n0) uséH“ln dlsplay systems should be

of the finger—grasped shape and should be not more than 12 cm
(4.7 inches) in shafi length and 1.5 ¢m (0.6 inchés) 4in. diameter.
When Lntegral sthchxng is required, -the -hand-~grasped  shape should:
be used, with limiting dimensions of 1) cm -(4:3 inches) and 18 cm
(7.% anhes) for shaft Iength, and maximum grip diameéte¥ 5 cm
(2.0 inchesg). The joystick preferably should -be mounted in a
shelf or desk surface as shown in Figure____ so .as .to provide

a minimum hand rest length of 12 cm (4.7 1ncEes) from the shelf
edge to the joystick shaft. 1In addition, clearances of 10 cm

3. 9 in.) to the side and 5 -cm (2 in.) to thé rear shall be
provided to allow for hand- -movement.

Constant feedback is required for
an operator to be able to maintain
constant force on a stlck, and even
when this is provided, maintenance
of constant force is fatlgu1ng

Supported by expert judgment of
Mort Mehr, Measurement Systems,
Inc.

~Based on Measurement Systems,; Inc.

practices, which have -evolved
from extensive R&D

R
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5.4.4.5 TIsotonic qu§t1ck (Also known as displacement joystick.)

5.4.4.5.1 Application - The isotonic joystick may be used for
various disp%ay Functions such as data pickoff from a CRT and

generation of free-drawn graphlcs. In rate control applications
which allow the follower to transit beyond the edge of the dis-
play, indicators shall be provided in order to advise the operator
how to bring the follower back onto the display. Also, isotonic
joysticks which are used for rate control should be Sp-lng-loaded
for return to center when the hand is removed. Isotonic joy-.
sticks shall not be used in connection with automatic sequencing
of a hook or bug unless they are instrumented for null return or
are zero-set to the instantaneous p051t10n of the stick at the
time of sequencing. Upon termination of the automatic sequencing
routine, joystick center shall again be registed to scope center.

5.4.4.5,2 Dynamic Characteristics - Maximum angular excursion
of the isotonic joystick shaft from center position shall not
exceed 45°. Movement shall be smooth in all directions, and
rapid posiricning of a follower on a display shall be attainable
without noticeable backlash, cross-coupling or need for multiple
corrective movements. Control ratios, frictiou, inertia, etc.,
shall be designed to meet -the dual requirements of rapid gross
positioning and precise fine positioning. Recessed mounting or
pencil attachments may be utilized as indicated in Flgure,4W

to provide greater precision of control. One or more swit tches
actuated by either thumb or finger pressure may be 1ntegra11y-
mounted if compliant with 5.4.3.2.3, When used for generation
of free-drawn graphics, the ‘refresh rate for the follower on

the CRt shall be sufficiently high to ensure the appearance of

a continuous track.

5.4.4.5.3 Dimensions and Mounting - Dimensions for 1sotonlc
Joystlcks used 1n display systems should be within the limits
specified for isometric joysticks in 5.4.5.4.3 and mounting should
confurm to Flgure .+ except that the clearance radius will

be maximum stick excursion from center, plus 10 cm (3.9 inches).

With automatic sequencing, the
computer positions the cursor for
each successive operation inde-
pendently of the instantaneous
joystick displacement. When control
is restored to the joystick the
cursor would jump to whatever
coordinates it is set to unless the
joystick 1s zero set for the return
of control.

Excursions greater ‘than 45° would
seem to be pushing into the mounting
surface rather than-:parallel to it,

Professional judgment.
If the refresh rate is not high

enough the operator will either need
to slow down his movement rate in

" order to get a continuous line, or

will have to accept -uneven trace
brightness.




2em mur,.
2%¢m max.

X — Mounting should be to
the right and within
40 cm (15.7 in.) of
centerline
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5.4.4.6 Grid-and-Stylus Devices - These provisions cover various
techniques which utilize some means of estab11sh1ng an x and y
grid and a stylus for designating specific points on that grlJ
for control purposes (e.g., time-shared x and y potential grids
and a voltage-sensitive stylus).

S.4.4.6.1 Application - Grid and stylus devices may be used for
data plckoff Erom a CRT, for entry of points on a display, for
generation of free- drawn graphics and similar control applica-
tions. The grid may be on- a transparent medium allowing stylus
placement directly over corresponding points on the dlsplay or

it may be displaced from the display in a convenient position for
stylus manipulation. In either case a follower (bug, mark, hook;
etc.) must be presented omn the dlsplay at the coordinate values
selected by the stylus. Devices of this type should be used only
for zero order cont*ol functions (i.e., displacement of the stylus
from the reference position causes a proportional displacement

of the folliower).

5.4.4.6.2 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 con-

tinuous track whenever the stylus is used for generation of free~ .

drawn graphics.

5.4.4.6.3 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 display should approximate the
display size and should be mounted below the display in an
orientation to preserve directional relat1onsh1ps tn the maximum
extent (i.e., a vertical plane passing through the rorth/south
axis on the grid shall pass through or be parallel to the north/
south axi¥s on the display).

5.4.4.7 Free-Moving XY Controller (Mouse)

Professional judgment based on
scattered research data, operational

experlence, and basic human-
engineering principlzs.
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5.4.4.7.1 Application - This type of controller may be used on Although a "Mouse" type ot Aovi
_any flat surface to generate X any y coordinate values which could be ugsed for free-drawn graphics
. control the position of the follower on the associated display. it would seem far less desirable
1 It may be nsed for data pickoff or for entry of coordinate than a stylus or joystick becauss
! valuos, It should be used for zero order control only (i.e., of their similarity to the pencil.
¥ generation of » and y outputs by the controller results in pro-

5 pcrtional displacement of the follower). It should not be used
for peneration of free-drawn graphics. :

i 5.4.4.7.2 Dynamic Characteristics - The design of the controller | Professiona! judgment.
¥ and placement ol the maneuvering surface shall be such as to allow
: the operator to consigtently orient the controller to within .
: + 10" of the correct orientation without visual reference to the !
controller, (That i«, for rxample, whan the operacor grasps

the controller in what he tactually assumes is the correct orien-
j tration and moves it rectilinearly along what he assumes to be

i straight up the y axis, then the directign of movement of the

s follower on the CRT shall be between 250° and 0107)., The con-

p troller shall be movable easily in any direction without a change
of hand grasp and shall resglt in smooth movement of the follower
in the game direction (+ 10°). The controller shall be cordless
?  an/l shall be operable with either the left or right hund. A

¥ complete excursion of the controller from side to side of the
maneuvering area shall move the follower from side to side on the
display regardless of scale setting or offset unless expanded |
! movement i selected for an automatic sequencin? mode of operation
i In any application which would allow the controller to drive the

: follower off the edge of the display, indicators shall be provided
, to advise the operator how to bring the follower back onto the

4 display.

.
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5.4.4.7.3 Dimensions and Shape - The free-moving xy controller
should have no sharp edges but should be shaped roughly as a
rectangular solid, w1th limiting dimensions as follows.

Min.
4 cm (1.6 in.)

Max.
Width (spanned by thumb 7 cm (2.8 in.)

to finger grasp)

Length 7 cm (2.8 in.) 12 cm (4.7 1in.)
Thickness 2.5 em (1.0 in.) 4 em (1.6 in.)
5.4.4.8 Light Pen

5.4.4.8.1 lication - A simple light pen may be used as a
track-orlenteg readout device. That is, it may be positioned

on the display screen so as to detect the presence of a computér~
generated track by sensing its refresh pattern and the display
system will then present a "hook" on the desigrated track. With
suitable additional circuitry a follower can be made to -track

the movement of the light pen across the surface, thus a110w1ng
it to function as a two-axis controller capable of serving the

same purposes served by the grid- and stylus dev1ces (paragraph
5.4.4.6.1).

5.4.4.8.2 Dynamic Characteristics ~ Dynamic characterlstxcs of
the light pen used as a two-axis controller shall be as: in
paragraph 5.4.4.6.2.

5.4.4.8.3 Dimensions and Mounting - The lxght pen shall be be=
tween 0.7 cm (.3 1In.) and Z.0 cm (.8 in.) in dlametﬁr and
between- 23 cm (4.7 in.) and- 18 cm (7.1 in.) in length. A con-
venient clip shall be provided at the lowir right side of the
CRT to hold the light pen when it 1s not in use.

The controller should not be round;
it should have a configuration which
allows the operator to grasp it in
approximately the orientation it
should be in for manipulation.
Otherwise it might be grasped in
such a way that movement of the
follower would be in an incompatible
direction, thus requiring shifcing
of the grasp on the controller to
get the proper alignment.

Dimensional requirements are pro-
fessional judgment based on
anthropometric considerations.

Professional judgement based on
anthropometric considecations
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5.4.4.9 Qu1ckened and P'edlctor Tvpes of Cort*ollers

5.46.4.9.1 Applications - Complex tracking functions may require
use of quickened or predictor approaches to coatroi-di splay

implementation. These approaches shall be utilized only with the
concurrence of the procuring activity.

It would be a considerable taSk te
prepare specific requirements for !
quickened or pred1ctor approaches |
to control-display implementation. ‘
The best short—-term way of handling Y
this appears to leave it in the

hands of the procuring activity. ]
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5.4.3.1.2 Push Buttons (Foot-Operated) -

5.4.3.1.2.1 Application - -Foot-operated push buttons saoulg be used
only in those czseS where the operator is likely to have both hands
occupied at the time the push button is activated or when load sharing
among 1imds is required. :Because foot-operated push buttons are ex-
tremely susceptible to accidental activation, their uses shall be
limited to noncritical operations such as press-to-talk swiiches,

5.4.3.1.2.2 Operaticn - Foot-operated push buttons shall be designed
to be operated by the toe and the ball of the foot rather than the heel.
Where space permits, foct-operated push buttons shall be repiaced by.
or supplemented with, a pedal to aid in locating the activating control.
Friction surfaces shall be used on foot-operated push buttons.

5.4.3.1.2.3 Positive Indication - A positive indication of control

activation shall be provided {e.g., snap feel, audible click, associatad
light, or side tone).

5.4.3.1.2.4 Dimensions, Resistance, Displacement, and Separation -
Dimensions, resistance, and displacement of footi-operated push buttons
shall conform to the criteria in Figure 10. Separaticn between adjecent
edges of foot-operated push buttons shail conforn tc the criterie in
Figure 14,

Foot controls are separated into
Foot 3Switches (under pusn butions)
and Pedals. 1In our opinion this
is confusing te designers because
thev will be lcoking for foot
control requirements as sepirate
from hand controls.

By reference to proposed materials
it can be seen that we believe
there are missing requirements,
and the overly simplistic speciti-
cation of dimensicns, force,
displacement, etc. are not only
difficult te relate to spec:iiic
types of control applications,

but some of the values are ques—
tionable acruss the board.
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DIAMETER RESISTANCE DISPLACEMENT

(4] A

Foot Will | Foot Will Heavy Ankle Totsl
NotHest | RestOn | Normal Boot Flexion Leg
On Control] Control |Operation {Operation | Only Movement

-
- Minihum

G.50" 4a0n 1000 0.50" 10" 107 1.07
{13mm} {18N} (45N} 13mm) {25m:3) {254} {25ma)
i 200 203% 25" 257 2.5 0

(30N} {30N] {6Smm} {65mm] {65mmj {120mm)

\7
Figure 10. PUSHBUTTONS-(FOOT OPERATED!}
| g e - -
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5.4.3.2.2 EeQals -

5.4.3.2.2.1 Application - Pedals shall be used when a large amount of
displacement or force is required and when foot activation is desirable.

5.4.3.2.2.2 Null Position - Pedals should be designed so that they will
return to the null position when force is removed.

5.4.3.2.2.3 Dimensions, Resistance, Displacement, and Separation =
Dimensions, resistance, displacement, and separation between adjacent
edges of pedals shall conform to the criteria in Figure 14,

5.4.3.2.2.4 Heel Support - When the pedal angle is greater than 20°
above the horizontal, a heel support should be provided.

5.4.3.2.2.5 RNon-Slip Materjal - Pedals shall be covered with a non-
slip material.

5.4.3.3 Force-Sensitive Controls - Force sensitive isometric controls
should be considered for use in tracking applications, especially those
which must be performed under vibration conditions.

5.4.4 High-Force Controls -

5.4.4.1 Arm, Hand, and Thumb-Finger Controls - Where arm, hand and
thumb-finger controls requiring high control forces are to be used,
the maximum force requirements shall .not exceed those specified in
Figure 15.

5.4.4.2 Leq Controls - Where leg 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 16 specifies the mean maximum push

at various knee and thigh angles. The maximum push is at about ‘the

160° angle referred to as the limiting angle.

5.4.3.2.2.1 This is an overly-
simplistic statement on applications
for pedals.

Some pedals such as rudder controls
should not return to null position
when force is removed.

This table ig¢ too limiting.
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5.4.5.2.3 Foot-Operated Controls

5.4.5.2.3.1 General - Foot-operated controls should be considered
under the following conditioms:

a. Control system forces require that the human interface
force application will be beyond the maximum manual
strength capability of the operator, and/or so near this
limit to cause serious fatigue for the operator.

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

¢. Specific foot=operated controls have been so well estab-
lished that the average operator expects such operating
functions to be performed using foot controls, e.g., air-
craft rudder/brake pedals, automotive clutch, brake and
accelerator pedals, etc.

d. Wher. a safety "shut-down" control is required during
an operation in which the operator’s -hands cannot be

We have tried to be more specific

tions need.
are based on DOT research of

freed to reach a safety switch, e.g., sheet metal
cutting machine.

Foot~aperated controls should not be used under the follow- !

ing conditions:

a. For a standing operator who may be working cn a moving
platform (i.e., where balancing on the -non-operating
foot may become -difficult as the operating foot is
moved from a support to actuating position),

b. To effect very precise control operations.

c. To select among a great many separaté foot -controls.
5.4.5.2.3.1.1 Operatijon - 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.

in terms of the broader applica-
These recommendations

recent years, attempting to develop
standards for cars, trucks and
buses--as well as including key
aircraft-related variations that
need to be presented, to be com-
patible with current Military
design practices.




MF1 RECOMMENDED MODIFICATION N  RATIONALE/REFERENCES

Requirement to hold the leg or foot in an awkward posi-
tion for extended periods of time.

o

c. Requirement for the operator to sit in a twisted posi-
tion to operate a coatrol that is used frequently and/or
for =n extended period to time, i.e., pedals shall be
laig oot symetrically with reference to the operator's
principai uperating orientation.

d. Maximum force application frequently or for extended
duration.

e. Requirement that the operator "look" for a particular
foot control in order to select -the right one. ;

f. Placement of a foot control where it might be “'stepped
on" and inadvertently actusted, and/or where typical
shifting from one foot control to another creates a
‘High probability that the foot or clothing might: be
entrapped by an intervening control as the operator
shifts the foot from one control -to another.

FS.&.S.Z.B.Z Foot—-Switches Many specific requirements noti

T previously covered in 1472B.

5.4.5.2.3.2.1 Application ~ Foot-operated switches should be ’
‘used only in those cases where the operator is likely to have
"both hands oécupied at the time the push ‘button is activated,

or where load-sharing among limbs is desirable. Because foot-
“operated switches are susceptible to accidental activation their
~uses should be limited to non-=critical -or infrequent operations
.such as press-to-talk communication, vehiclé headlight dimming,
_etc.

“that they can be operated by the toe or ball of the foot rather
‘than by the heel. They shall not be located so rear an- obstruc~
tion that’the operator cannot position -the sole of the shoe
‘squarely (centered) on the switch button. A pedal may be used
“atop the button to aid in location and operation of the switch.
-‘When switches are used ipn an environment in which «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.

"5.4.5.2.3.2.2 Operation = Foot switches shall be located so

B - o A
ray o »
k
H
- e —— i . _ _ . ..
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5.4.5.2.3.2.3 Switch Location - In addition to the above, foot-
operated switches shall be located so the operator has some

normal heel resting position on a floor board, etc. Avoid placing
a foot switch beneath or behind other pedals wherein it might be
possible for the operator's foot to become momentarily interfered
with or trapped during transfer between the switch and a pedal

or steering column. :

5.4.5.2.3.2.4 Dimensions, Displacement, and Separation = Dimen-
sions, displacement and separation ol foot-operated switches shall
conform to the criteria in Figure 10. Although not recommended

(i.e., only one switch per foot is preferred), when more -than Ref: Woodson and Conover, Human
one switch is provided for the same foot to operate, such switches Engineering Guide for Equipment
shall be separated by at least 7.6 cm (3 inches) horizontally and esigners, 1966, p. 2-110.

20.3 cm (8 inches) vertically.

5.4,5.2.3.2,5 Actuating Forée and Feedback — A positive indication
of control activation shall be provided (e.g., snap feel, audible
click, association with an obvious change in a visual or auditory
disp%ay). Actuating force shall be between 44 N and 88 N::(10 and
20 1bs,).

5.4.5.2.3.3 Pedals

5.4.5,2.3.3.1 Application = Pedal controls should be used .only
when the operator 1s likely to have both hands occupied at the
time the foot operation is required, when the control system
force is too high for manual 2orce capability of the operator,

or where standardized use -of pedals has created a stereotype
expectancy on the part of -the operator (e.g., vehicle pedal
cor.trol configurations -such -as clutch, brake, -aczelerator; rudder,
etc.). Applications other than these shall be subject to

approval of the procuring activity.

5.4.5.2.3.3.2 Location - Pedal controls shall be located so0- that
the operator can rcach them easily without extreme stretchin
or torso .twisting, so that the operator can reach the maxi@é%ly‘ )
displaced pedal within anthropometric and force-capability of the

operator (see Figure _ ). Pedals that may be held or that have | Requires figure of foot pedal loca-
to be adjusted fairly precisely (accelerator, clutch, etc.) :shall | tion relative to vehicle driver.
be located so the operator can "rest' and "steady" the foot, :
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2i.e., the pedal shall be an appropriate critical distance above
-the floor so the operator's heel can rest on the floor while
tarticulating the ankle/foot. When this cannot be done (and the
_pedal angle is more than. 20-degrees from the horizontal floor),
-a heel rest shall be provided.

‘5.4.5.2.3.3.3 Spring-Return — Except for controls which generate
|-a continuous output such as rudder controls, accelerator pedals,
-etc., foot controls shall have a spring-return system with suf-
ficient force to return the pedal to the original.null position
without requiring assistance from the operator (e.g., brake or
‘clutch pedals). For pedals in which the operator may normally res
the foot on the control between operations, sufficient spring
_tension shall be provided to prevent the weight of the foot from
‘inadvertently activating the control (e.g., accelerator pedal).

5.4.5.2.3.3.4 Play - Pedal control systems shall be designed to
‘minimize excess "play" (i.e., movement that does uot activate the
control system).

5.4.5.2.3.3.5 Adjustment = Control, and/or seat adjustment shall
‘be provided, suIficient to accommodate the leg reach capabilities
bof the total range of expected operators (i.e., 5th percentile
female-95th percentile male). Consideratior shall also be given
to combined vertical/horizontal adjustment effect on reach. For
‘seated operator configurations where external vision is critical
and corresponding control panel constraints may be present, pedal/
seat/vision requirement shall be considered together to

provide the best-fit among eye reference, seat ard pedal adjust=-
ment position and adjustmefit range. ’

5.4.5,2,3.3.6 Pedal Travel Path - The travel path- (typically
an arc) shall be considered 1n the design of pedal systems, and
shall be compatible with the natural articulation path of the
operator’'s limbs (i.e., thigh, knee, ankle).

5.4.5.2.3.3.7 High Force Application Aids - When the force re-=
quired to fully actuate a'pedal 1s extremely high, appropriate

force to :the pedal. The following should be considered:

a. Seat backrest.

aids ghall be provided to assist the cperator in: applying maximum |

Ref: wéodson and Conover, Human

Engineering Guide for Equipment
ﬁe51gners, 1986, p. Z—I?U.

New requirement for tighter control
coupling. -

Pedals cannot be properly operated
by all segments of the population
unless some adjustment 1s provided
to accommodate different statures.

 New requirement needed to ensure
maximum. application of force.

New requirement.

i - ‘ -~
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b. Optimized seat height—~to-pedal and normal reach dis-
tance for maximum force (i.e., SRP/Pedal at same ver-
tical height; reach distance so the upper thigh and
lower leg create an angle just short of horizontal--
see Figure ) :

c. Double-width pedal so that both feet could be used.
5.4.5.2.3.3.8 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.

5.4.5.2:3.3.§ Dimensions, Force Requirements, Displacement and
Separation - Dimensions, Lorce requirements; displacement and
separation of pedals shall conform to the ¢riteria in Table _

5.4.5.2.3.4 Automotive—-Related Foot Control Combinations

5.4,5.2,3.4.1 Applications - Assemblies of foot-operated controls
§ha11 conform to 1ndustry practice with respect to arrangement,
i.e,:

a., Manual Transmission: Clutch shall be positioned for left
foot operation, service brake and accelerator for right
foot operation. Headlight dimmer function may be pro-
vided either as a left foot-operated floor switch or a
left hand-operated column-mounted stalk (lever).

b. Automatic Transmission: The above arrangement shall be
followed -except that the service brake shall be accésible
for either right or left foot operation (in which case,
tne brake pedal shall be laterally elongated sufficiently
to make it convenient for operation by either foot).

5.4.5.2.3.,4.2 Pedal, Geometric Relationships - Clutch, service
brake and accelerator pedals shall Ee.aEEanged so that the primary
contact point of each pedal (i.e., height and distance from the

floor, heel-reference point) is approximately the same, to make it}

convenient for the operator to shift his or her foot from the
accelerator to the service brake pedal without having to lift the
foot an excessive amount. The pedal contact point should be based
on a point on the accelerator pedal that matches a "all-of-the-

Requires new figure in anthropometric
section.

It is considered important to
conform with stereotypes that have
been firmly established within

the driver population.

New requirements based on best
“automotive practice.
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. . Table ~ Foot-Operated Controls
] B DESICN-CRITERIA
APPLICATION CRITEPIA — = = =
_ _ CIMEMSIONS - DISPLACENENT SEPARAY L0
BRAKE PEDAL APPLICATIONS: ) ’
st CLUTCH-BRAKE-CONVEX TREZD SURFACE, W X D - MIN = —_— — —_ § - HIn TG PREVCNT .
ﬁ D 73 o 3 X 3% (7.6 FOOY SLIPFING BE~-
¥ FOACE REQUIREMENTS: X 5.1 CH) TWEEN PEDALS +
bwd CLUTCH = 2-20 LBS (3.9-38,9 N) 2.0% (5.1 €M)
BRAKE = 120 L85 (333.3 N) -
o3 W - —
. - 2 ALTERNATE PEDAL SHMAPE £ SPACING. ¥ o+ L = MIN = ——— T § = AN SEPARAION
70 kD CONVEX, TREAD SURFACE. 2 x 3" (5.1 10 ALLOY FOOT 1O
g [ i X 2.6 €M) PASS SEYWLIN-PEOALS
LT T S (12,7 LMY
b kadied 1.0" (7.8 CH) FOCR
HEAVY 80nTS
. (MOTE; EDGE 70 €OGE
o ) PEOAL SEPARATIONS OF
a i ROUNO PEDAL SHAPE ACCEPTABLE. FULAT, jO - MIN = S = COW¥ORY — . —_— BEWLEN 2 AND 4,8 !
f < TREAD- SURFACE, 2225 (5.7 | SEPARATION - Tk HE5 5OULD GEN-
/ < ¢ o) z12.0 = . EKALLY 8E -AVOIDED
g e 2.0% (39,5 : -$ECAUSE OF POSS|-
2 5.1 QW) : SILITY OF GETTING
a¥ mx = 16,07 . _FOOT CAUGHT)
A (83,6 °CH) .
e Miw = 80" Y4~ max nest TO
L (20.5 CH) ACTIVATE = 7.67
(37,8 CW); min =
1.8% (2,56 CH)
2| PREFERRED = 2.3%-
8,07 (6.4-10:2 (M) i
ATOR PEDAL APPL : W av (S0 ek 1520 o - —_— _—
* _ = S | CYInIntun | C) OPTimUM ) N
- a. FLOOR-MINGED, FULL PEOAL RO Ot :
s s (215.8 23.°
5. SUSPENOED PEDAL (PEOAL SwOULD o€ | o))
FREE-SVIVEL L’ 2 3,8¢ _
ACTI0M OISPLACENENT EnveELOPE. Wominal] (8.9 cr)- -~ nax orspiacenent 7
CRUISE ANGLES SMOULD CAUSE. LOWER Ml -1 30° (20° witH" “
et LEC/P00T, INCLUDED ANGLE TO BE - |- meavy soors)
»~ SETWEEN 90-103°, . :
Iy R
el FORCE REQUINEMENTS: :
N \\%\ PAX-z 20 LD (889 N)
s MIN = 10 LB (8.% w)
INOMIMAL CRUSSE 3 LEVEL GRADE, AVG, - '
SPEED_FOR APPLICATION _
] ;
: B 203 f
— - Sy v ———— =g = ;A.’ ) - —— -
:%-“x: ‘—gvf'kyfl
-1 - = e A
- o —— . « T —
- B R - - T
E 4 - - - - s
vF . : : :
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Table - Foot-Gperated Controls (Continued)
, } DESICN CRITERIA
APPUICATION CRITERA -
OIMENS 1ONS DISPLACZEENT SEPARAT JON
AIRCRAFY RUDDER/SRAKE ASSEMSLY, W - MiN = L L = —_— SEE AFSCM B5 .} HIAD-1S = MIN = 15" (3% CM)
SHOULD-MAVE MIN FOR Af] DJUSTHENT [ 6.8 sor (usar) MAX = 23" ($).S
CF §.0™ (22.9 CM). 3T0€ PRESSURE 0P« | (15.2 CH) EZS & eMy (4.5
RATES BHAKE, FORE-AFT MOVEMENT OF *
PEDAL FULCRUM OPERATES RUDDER (RIGHT] Ly - BN =
PEDAL FWO = RIGM URNJ, $.0"
FOPCE FEQUIREMENTS: SEE MIL-F-R725 €127 ¢xy

IS£E MIL-§-358% FOR SPECIFIC DImEN-
SIENE)

FOOT SWITZHES, NORRALLY RZE OMLY GNE
PER FOOT (Max. Tw0)

FERCE REQUIREMENTS: MAX, 17 LS,
Co.%-N)

-FOOT SWITCHES, STAND OPN'S: _
NORMAL FREQUENT ACTIVATION, SPEEO MOT
CRITICAL. - -

FORCE -REQUIREMENTS: PREFIRRED MaX,
20-L8. "88.9 W) -

ENERCENCT OPERATION, SPEED IMPOKTAWT

doriem (a.5e
fzCw)
ofF (uaatea

1-(19:2 em)

D = MIN Dlanm
.z 1.0
(2.5% Cm)

0 =-Nin ST~
ZTON DIAR 3

PREFERRED)

€ - €XTENS 104
nin z §. 0"

H o« DISTANCE
FRO“ MEEL
REF = =337
C17.8-25.0
)

L - ACCESS -
ISLE T
C1TMER FOOT,
FUuLL ¥iDTh

_BENEATH UNS
- DEPRESSED
05R FOR.-YOU
RN 2 23
£§.6cR) On
T5." (1,6
cn) witw
e00TS 1

£ = CLEARANCEIRIN = §.5" (1.3 £m3S

=~ MIN 1 3.3
YO OBSIRUC~ mAXx ; 2.5 (5.35 wmE (7.5 CN)
TION-MiN = FOR-BOOTS, INJRLASK

3.8 (2.6 Min IO 1,0% (2.%%

[ 5] cn)

€ ~ CLEARANCE. NIA
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foot” position wheun the operator’s heel rests normally on the floor],
and the accelerator pedal is in the "undepressed” position.
Lateral pedal pusitions should be arranged and spaced so that the
total array is approximately centered on the operatsor's centerline
(i.c., so the operator is not requirad to sit in a skewed position
in order to operate certain pedals). For maximum, long-duration
comfort, the accelerator pedal should not be more than abour 12-
inches right of cthe operator's centerline,

spacing of

5.4.5.2.3.4.3 Lateral Pedal Arrav Limits - Laters
2 .  How-

individual pedals shall contorm tG criteria in To

i
1

o

b
ever, the overali array shall nct exceed 30" (76.2 cm) as measurod
between the cutermost pedal ceanterlines withoug express approval
by the procuving agency.

- -
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5.4.4 High-Force Controls -

5.4.4.1 Arm, Hand, and Thuzb-Finger -Controis - Where arm, hand and
thumb-finger controls requiring high-control forces are to be used,
the maximua force requirements shall not exceed those specified in
Figure 15.

5.4.4.2 Leg Controls - Where leg controls requiring high control forces
are to be used the force push exerted by the leg cspands on the thigh
ngle and he knee angle. Figure 16 specifies the mean meximum push

at verious knee and thigh angles. The maximum push is at about the

160° angle referred to as the liniting 2ngle.

1A general requirement statement

is needed.
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Figure 15. ARM, HAND, ANO THUMB-FINGER STRENGTH
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ARMSTRENGTH IN)

— _
n @ {3) (4) (5 {6 o

DEGREE OF ELBOW PULL | PUSH up DOWN IN -OuT

FLEXION i -
(deg) t]le e lRrR]L]R]JL]|R]L}JRIL]R
180 222 1231 [187 {222 |40 [ 62 {58 | 76 {58 | 89 |36 |62
150 187 1249 {133 |187 | 67 | 80 ! 80 | 89 1 67 | 89 | 36 | 67
120 151 187 1116 160 | 76 [ 107 |93 [116 |89 | 98 | 45 | 67
20 142 [165-|-98 |160 | 76 | 89 | 93 116 |71 | B0 |45 |71~
118 107 | 98 [151 | 67 | 89 | 80 | 89

76 |89 |63 {76

HAND, AND THUMB-FINGER STRENGTH (N)

{81 9 no)
HAND GAip - o
THUMB.FINGER THUMB-FINGER
o L R GRIP (PALMER) GRIP (TIPS)
MOMENTARY HOLD 20 | 260 60- 0
SUSTAINED HOLD 145 156 s 35

L= LEFT: A = RIGHT,

Figure 15. ARM, HAND, AN

D THUMB-FINGER STRENGTH

(8TH PERCENTILE MALE DATA){CONCLUDED)
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STH PERCENTILE MAXIMUM PUSH, . Ib (N)
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400 (1780} |~

THIGH'ANGLE {a)

T | csoe

300 -(1335):f- ~ +5 AND 10°

15-1° |

- e
X

200 (890).I
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»
e
[
-
©
°

100 taser - LIMITING ANGLE

- e KNEE STRAIGHT:
S S N T I e J—

60 80 100 120 140 160 180
KNEE-ANGLE (), DEGREES

Figure:16. LEG STRENGTH AT VARIOUS KNEE AND THIGH ANGLES
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5;4;5.2;& ﬁigh;Force Controls

5.4.5.2.4.1T Use - 1n general, controls shall not be used that
require operator forces near the strength limits of the weaker
segment of the expected user population. 1In addition, high force
controls shall not be used except when the operator's nominal
working position provides proper body and/or limb support, i.e.,
3 proper seat backrest, adequate foot support, etc. Sustained
high force requiremcnts shall be avoided (e.g., durations longer
than 2 or 3 secouds).

5.4.5.2.5.2 Arm, Hand, and Thumb-Finger Controls -[?se original
waterial from par. S.Zﬂé.li )

)

W

-4.5.2...3 Foot-Leg Controls -[%se original material from par.
.6.4.2

Adds a general requirement statement;
includes strength limits (as with
female operators) not previously
recognized; requires proper body
support and avcidance of long
durations for sustained high force.
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Supination

Pronation

MAXIMUM, ONE-HAND  STATIC TORQUE CAPABILITY FOR MEN & WOMEN

MALE POP, MEAN (STD. DEV.)

FEMALE (5th %-tile)

Nm in-1b Nm , in-1b y
13.7 (3.4) 121.5 (30.1) 6.7 60.0
17.4 (5.1) 153.9 (45.0) 7.9 70.0

ORI ——




THIGH ANGLE {a)
1 -15 -§?
2 +5'AND 10°
3 15-19°
[ ]
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33-38°
48 -.49°

L

LIMITING ANGLE

:
:
:
3
2
:
£
3

[— KNEE STAAIGHT

0 |
0 80 100 120 140 160 1180
KNEE-ANGLE (), DEGREES

Figure 16. LEG STRENGTH AT VARIOUS KNEE AN THIGH ANGLES

, Note: Where female operators are expected, force values should
‘be reduced by 25 percent,
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.5  LABELING -

5.5.1 General -
5 5.1.1% General Requirements - Controls, displays, and -any other items
»f equipment that must be located, identified, read, or manipulated shall
be appronriataly and clearly labeled to permit rapid and accurate human
performance. No label will be r2quired cn equipment or controls whose
use is obvious t5 the user (e.g., aircraft contw’ stick).

5.5.1.2 Label Characteristics - The characteristics of the labeling to
be used shall be determined by Such factors as:

a. The accuracy of identification reguired
b. The time available for recejnition or other responses
c. The distence at which the iabels must be read

d. The illumination level and color characteristics of the
iliuminant

e, The criticality of the funciion labeled
f.- Consistency of label design within and between systems.

5.5.1.3 Prototype and Production Equipment Labels - Labels for both

prototype and production equipment shall meet the criteria specified
herein. Llabels for production equipment shall be designed to meet the
criteria specified for the duration of -equipment use. Since frequent
design changes may.be anticipated in prototype equipment, lubels for
such equipment shall be designed so that they may be simply and easily
affixed; altered, and removed.

This section needs considerable
expaasion to broaden coverage to
include markings other than labels
and tuv provide more definitive
requirenents with respect to
alphanumeric character design and
legibilitcy.
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5.5 ULABELS, LEGENDS, PLACARDS, SIGNS and MARKING This sect10n broadens the original

provisions so as to include legends,
5.5.1 General placards, signs, and markings which

need to be covered but are not
5.5.1.1 General Requirements ~ Labels, legends, placards, signs included elsewhere in the Standard.
and/or -maTkings sha ?I be prov1ded wherever it is necessary for

an operator or techn1c1an to identify, 1nterpret, follow procedure$
or avoid hazards in the use of systems, equipment or facilities,
except where it is obvious to the observer what an item is and
what he or she is to do with it or about it,

5.5.1.2 Basic Characteristics ~ The characteristics of the label,
legend; placard, sign or marking shall be determined- by such
factors as:

a. The accuracy of identification required. -
b. The time available for recognition or other respcuses.
¢. The distance at which the device must be read.

; d. The i}luminaaion lével and c¢olor characteristics of the
illuminant,.

e. The criticality of the label; legend, placard, sign or
marking tc satisfactory -and safe operator -performance.

' f. Consistency of label, legend, placard, sign or marking
within and between systems.

5.5.1.3 Prototype and Productivn Systéms - Labels, legends,
placards, signs and marﬁlngs Tor both ‘prototype and production
systems shall meet the criteria specified herein, They shall
meet the requirements specified for the duration of svstem use.
Cince frsquent design changes may be an"1c1pated in prototype
systems; tabils, legends, placards, signs and markings should be
designed so that ‘they may be 51mp1y and easily affzxed, altered,
and removed or replaced. ;
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5.5.2 Orientation and Location -

55,21

Orientaticn - Labels and information thereon should be oriented

- horizonially so that they may be read quickly and easily from left to

. right.

t Vertical orientation shall be used only when, labels are not
critical for personnel safety or performance and where space is Yimited.

. 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 3¢ identify, so as to eliminate confusion with other items and

" labels.

iabels sh 11 be located st as not to obscure any other infor-
) mation needed by the operator.

Controis shall not obscure labels.

) 5.5.2.3 Standardization - Labels shall be located in a consistent
- manner throughout the equipment and system.

5.5.3. Contents -

. 5.5.3.1

Equipment Functions - Labels should primerily describe the
- functions -of equipment items.

Secondarily, the engineering character-
- istics or nemenclature may be described.

5.5.3.2 Abbreviations - Standard abbreviations shall be selected in
accordance with MIL-SiD-12, MIL-STD-411, or MIL-STD-783. 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 precluce misinterpretation,

be .used for all tenses and for both singular and plural forms of a word.

*5.5:5.3

The same abbreviation shall

Irrelevant Informetion - Trade names and other irrelevant

_information shall not appear on labels or placards.
5.5.4 Qualities -

5.5.471 Brevity - Labels shall be as concise 3s possible without dis-
‘torting the intended meaning or information ind shall be unambiguous.
Where the general function is obvious,
‘only the specific function shall be identified (e.g., frequency as

_Redundancy shall be minimized.

opposed to frequency factor).

Needs expansion.

Although desirable, this should
not be mandatory because it is
not always feasible.

More specific requirements as to
when to use capitals and when to

use lower case should be provided.

‘Some other standards require trade

names to appear.

‘T"““"}’a?%r
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5.5.4.2 Familiarity - Words shall be chosen on the basis of operater
familiarity whenever possible, provided the words express exactly what
is -intended. Brevity shall not be stressed if the results will be
unfamilfar to operating personnel. For particular users (e.g., miinte-
‘nance technicians), common technical terms may be used even though they
my be unfamiliar to nonusers. Abstract symbols (e.g., squares and
Greek letters) shall be used only when they have a conmonly accépted
meaning to all intended readers. Common, meaningful symbols (e.g.,

% and +)} may be used as necessary.

5.5.4.3 Visibility and Leqgibility - Labels and placards shall be de-
signed to be read easily and accurately at the anticipated operational
reading distances, vibration/motion environment, and illumination levels,
taking into consideration the following factors:

3. Contrast between the lettering and its immediate background

b. Height, width, stroke width, spacing, and style of letters
and numerals

¢. Method of application (e.q., etching, decal, and silk screen)
d. Relative legibility of aiternative words

e. Specular reflection.

5.5.4.4 Access - Labels shall not be covered or obscured by other units Needs to he more specific.
in the equipment assembly.

5.5.4.5 Label Life - Labels shall be sharp, have high contrast, and be
mounted so as -to minimize wear or obscurement by grease, grime, or dirt.

5.5.4.6 Label Backqround - Label color shall contrast with the equip-
ment -background specified in 5.7.9. No special background for the
Yabel shall te provided without approval by the procuring activity.

5.5.5 Design of Label Characters -

5.5.5.7 Black Characters - Where the ambient illuminance will be above -
1 ft-C (11 lux), black characters shall be provided on 8 1{ght background. -
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5.5.5.2 Dark Adaptation - Where dark adaptation is required, the dis-
played latters or numerals shall be visible without -interfering with
night vision requirements. Where possible, markings shall be white on
8 dark background.

5.5.5.3 Style - Style of label characters shali 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, hcrein.
Label, shall be preparid in capital letters, e«cept that extended copy
{e.g., instructions) shzll be in lower-case letters.

5.5.5.4 Letter Width - The width of letiers snall preferably be 3/5 of
the height, excep: for the "I”, which shall be one stroke in width, and
the "M" and "W", which shall be 4/5 of the height.

5.5.5.5 HNumeral Width - The width of numerals shell preferably be 3/5
of the height, except for the “i", which shall be one stroke width wider,
and the "1", which shail be one stroke in width.

5.5.5.6 Wide Characte:rs - Where conditions indicate the use of wider
characters, 2s on a curvod surface, the basic height-to-vidth retio may
be increased tc 1:1 in accordance with MIL-M-180i2.

5.5.5.7 Stiroke Widsk, tiormal - For black cheracters on a white {or

e —t et s . e 7 a8

light) background, she siroke width shall be 1/6 of the height.

5.5.5.8 Stroke Width, Derk Adaptation - Where dark adaptation is re-
quired or iegibility at night is a critical factor, and white characters
are specified on a hlack background, the stroke width of the characters
shall be from 1/7 to 1/8 of the height (i.e., narrower than snecified
for - ormal daytime vision).

5.5.5.9 Character Spacing - The minimum space between -characters shall
be one stroke width.

5.5.5.10 "Word Spacing - The minimum space between words shall be the
width of one character.

5.5.5.11 Line Spacing - The minimum-space between Yines shall be one-
half character height.

This is too limiting.

This does not recognize variations
in stroke width for emphasis.

This requirement does not cover
variations from the minimun.
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§.5.5.12 Label Size vs Luminance - The height of letters and numeralc
shall be determined by the required reading distance and luminance.
With a 28-inch (700 mm) viewing distance, the height of numerals and
letters shall be within the range of values in Table X for "low" and
"high" control-display luminance conditions.

5.5.5.13 Character Height and Viewing Distance - For general dial and

panel design, with the luminance normally above 1 ft-L (3.4 cd/m?), charac-
ter height should approximate the values given below for various distances:

Viewing Distance

Height
a. 20 inches (510 mm} or lass 0.09 (2.3 mm)
b. 20 - 36 inches (310 - 910 mm) 0.17 (4.3 mm)

c. 36 - 72 inches {910 mn - 1.830 m) 0.36 (8.6 nm)
d. 72 - 144 inches (1.830 - 3.660 m) 0.68 (17 mm)
e. 144 - .40 inches (3.660 - 6.100 m) 1.13 {29 r}

5.5.6 Equipment Labeling -

5.5.6.1 Assemblies, Components, and Parts -

5.5.6.1.1 General Requirements - Each assembly, component, and part

shall be labeled with a clearly visible, readable, and meaningful name,
number, or symbol.

' 5.5.6.1.2 Location - The gross identifying label on an assembly or
' major component shall be located:

a. Externally in such a position that it is not obscured by
adjacent assert:)lies or components

b. On the flattest, most uncluttered surface available

¢. On a main chassis of the equipment

Not necessarily desirable. The
funcrious of some components are

so obvious as to preclude necessity
for labeling.

d. In a way to minimize wear or obscurement by gresse, grime,
ar dirt

L8
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TABLE X. LABEL SIZE VERSUS LUMINANCE

MARKINGS HEIGHT®
BELOW 1 fr.L ABOVE 1 fr-L
(3.4 ca/m?) 1 neamd

For critical markings, v:ith position
vuisbie (e.g.. numerals on_counters
and setteble or moving scales): 0.20-0.20" : -0.12-0.20
' (S ~ 7.5 men} - (3-6mm)

For critical markings, with position
fixed {e.g., numerals on fixed scales,
sonwols, and switch matkings, oc

emergincy inztrections): 0.15-0.20" 0.10-0.20"
3.8 - 7.5 mm} {25 - S mm)

For noncritical mirkings

{e.g., identificstion labels, routine
instructions, or merkings required
only for familiarization): 0.05-0.20" 0.05-0.20"
1.3 -5 mwm) (13 —-5mm)

*Valuei assume 3 28-in. 1710 mm} viewing disance. Fer s
distence, D, other than 28 in. {710 mm), multiply the
abovs veives by O/28 in. (D/710 mem).

i ——— oy o
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e. n a way to-preclude accidental removal, ohstruction, or
‘hand)ing damage.

5.5.6.1.3 Terms - Components, circuits, or assemblies 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, equip-
ment labels and placards shall tonform to MIL-STD-129, MIL-STU-130,
MIL-STD-195, MIL-STD-411, MIL-STD-783, and MIL-STD-1247, as applicable.

5.5.6.2 Controls and Displeys -

5.5.6.2.1 General Requirements - Controls and displays shall be appro-
priately 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.

£.5.6.2.2 Simplicity - Displays and controls shall be labeled in the
simplest and most direct manner possible. Abbreviations may be used
when they are familiar to operators (e.g., psi, g¢/cn?).

5.5.6.2.3 Functional Labeling - Each control and dis~lay shail be
labeled according tu function, and the following critzria shall apply:

a. Highly similar names for different controls and displays
shall be avoided.

b. Instruments shal) be labeled in terms of what is being
measured or controlled taking into account the user and purpose.

c. -Control Yabeling shall indicate the functional result of con-
tro) movement (e.g., increase) and may include calibration data where
applicable. Such information 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.

i
¢
ﬂ




- = — —

Cmm s e A= T — m e = n

s S —n A A e

ORIGINAL REQUIREMENT

MF1 COMMENTS

5,5.6.2.4 Location - The following criteria shall apply to the location
of control and display labels.

a. Ease of control operation shall ve given priority over visi-
bility 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 may be located
belcw if label visibility will be enhanced thereby.

) ¢. The units of measurement {e.g., volts, psi, meters) shall be
located 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 lipne. When
colored pads are used, the label shall be centered at the top within
the pad area.

e. Label location throughout a systcm and within panel groupings
shall be uniform,

5.5.6.2.5 Size Graduation - To reduce confusion and operator search

time, labels shal] be graduated in size. The characters used in group
jabels 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 character determined by viewing conditions each label shall b¢
at least approximately 25 percent larger than the next smaller label.

Too restrictive.
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5.5.2 Orientation and Location

- 5.5.2.1 Orientation - Alphanumeri¢ characters and symbols shall

- appear "upright" to the observer so ‘they are easily recognized

- and read in the normal manner left to right. Vertical atrange-

-ments of words for labels or signs shall be used only when these
are not critical for personnel safety or task performance, and'

. where space is limited. When used, vertical labels shall read
from top to bottom.

- 5.5.2.2 Location - Labels, legends, placards, signs and markings :

~ shall be pos1t1oned so that they are visible from the nominal or
expected observer's viewpoint reference when he or she needs to

. see them, i.e., the observer should not have to assume an unusual
position in order to see a label, nor should an observer have to

~ wait to get past an obstacle or other persons in order to see a .
sign. Labels shall be placed on.or very near the items which they

-identify, so as to eliminate confusion with other items and labels?

. Labels shall be located so as not -to obscure othcy information
. needed by the operator, and shall :be placed where a control or
operator's normal hand or arm position will not obscure the
label (see Figure RE

5.5.2.3 Standardization - Labels; legends, placards, signs and ‘

" markings Ghould be located in as consistent a manner as practical
" throughout a system, equipment or facility.

Includes normal operator position
es a factor in placement of labels.

Emphasizes desirability of standard
label Jocation but removes manda-
‘tory requirement,

[ I
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Correct

Incorrect

Incorrect

..

l.ocate labels consistently
"above! or "below" a control
or display on a given panel
("above" 1s preferred except
when tne panel is located
considerably above the ob-

server's eye level).

Locate label so that a
control handle will not
obscure the label.

‘Do not place label
on a control that
could rotate the
label -to an upside-
down position.

Do not place placards near the
_ floor or other positions that-
preclude the observer from

] getting his or her eyes in a
- position adequate for reading-
} 1. o1 the placard.

Figure - ~ Location and Pgsition of Labels

. s s b
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5.5.3 Content

5.5.3.1 Equipment Functions = Labels should primarily describe
the functions of equipment 1items, and in terms that the typical
operator, technician or other -observer understands. %1neer1ng

characteristics, nomenclature or -other terminology shall only
be used when a commonly-understood term is not available.

5.5.3.2 Abbreviations - Standard abbreviations shall be selected
in accordance with MIL-STD-12, MIL-STD-411. or MIL-STD-783 where

appropriate, However, when the above references specify the same
abbreviation for more than one functxon, such abbreviation shall -

not be used for more than one function on the same equipment panel}

If a new abbreviation is required, its meaning shall be obvious

to the intended observer, -

5.5.3.3 Capital vs Lower—Casé Letters and Punctuation - The |- Provides the definitive requirements
following sEaII be observed relative to use of capital or lower- on capitalization and punctuation

case letters and punctuation marks: |: necessary for consistency of usage.
a. Labels shall be printéd in all caps, and periods shall - Ref: Woodson and Conover, Human
not be used after abbreviationms. Engineering Guide for Equ1pment
Desi Designers, 1966, p. 2-39.

b. Legends shail be printéd: in all caps, aund periods or
commas shall not be used.

c. Placards (e.g., instructional material) may employ caps
-and lower case when ‘the amount of material consists of .
several lines. However, for short instructional material|
all-caps are preferred., An acceptable all-cap approach : !
‘may also include use -of larger caps for the initial 1 ) !
letter in a paragraph or separate line of instruction or |
procedural step (see F1gure ). |

d. Signs shall sonsist of all-caps, except in the case when |
‘the sign material is "instrnctional” and 1nvolves severalf
lines of extended seritences--in which casé caps and loweri
case léetters may be used. . .

i 214 .
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TO EJECT

o ———— A T ammes

FOR EMERGENCY EJECTION IN FLIGHT
JETTISON- CANOPY BY PULLING CANOPY
JETTISON-‘HANDLE. HOOK HEELS IN
STIRRUPS. RAISE BOTH ARM RESTS
TO HORIZONTAL POSITION. ASSUME |

' ERECT POSTURE. ACTUATE EJECT
HANDLE .

~
Py

Poor: Too long; procedural steps run together.

TO EJECT

JETTISON CANOPY
FEET IN' STIRRUPS
RAISE ARM RESTS -
SIT ERECT

PULL EJECT HANDLE

Preferred: Short, each step on separate line.

N Ll <o o g e ol

‘Figure - Exampie Instruction Placard Formatting and
Type Style ' i
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5:5.3.4 Irrelevant Information - Non-operational information
shall not appear conspicuously on the face of instruments, e.g.,
trade names, manufacturer specification numbers, etc.; if
required, such markings shall be subdued by small size, reduced
contrast; and/or inconspicuous location so the operator's atten-
‘tion is not drawn away from critical instrument markings.
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5.5.4 Quallt1es .

5.5.4.1 Brevity - As few words as necessary to .convey the in-
tended meaning shall be used on labels, legends, placards and.
signs. Special marking and/or symbols shall be considered when
they will unambiguously convey mean1ng in a more direct manner
than several words, e.g., pictorials, arrows.

5.5.4.2 Familiarity - Words and symbols shall be chosen on the
basis of User familiarity whenever possible, provided the words

or symbols express exactly what is: intended. Engineering or other

technical terms shall be -used only when such terms are familiar
to the specific designated user. (Common technical terms or

symbols do not have to be familiar to casual, nonusers.) Common, -

meaningful symbols (e.g., % and +) may be used as necessary.
Abstract symbols (e.g., Greek letters) shall be used only when
they have a commonly accepted meaning to all intended users.

5.5.4.3 Understandability - Extended 1nstruct1onal or procedural
information For placards and signs- shall be concise, ‘but under-

a. Omit words that are not absolutely necessary to- convey
the meaning of the message.

b. When procedural steps are implied, place each procedural
step on a separate line, and 1nc1ude numbers, dots or-

' other techniques to emphasize the ‘beginning of each step. N

(See Figure_ )

c. Use acronyms only sparingly, and when it is known thac
they are familiar to the intendeéed user.

d. Avoid use of instructions that requlre reference to
another, perhaps unavailable resource (e.g., technical
manual). Such reference may however be used for placards
‘that pertain only to a depot maintenance situation, and
where resource materials are typxcaxly available.

1 Introduces usage -of symbols where

they may be more .clear thar words.

. New tequ1rements needed for placards
1 and signs, based on professional
standable to the intended user. The following shall -be cons1dered;

judgment:

. &
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5.5.4.4 Visibility and Legibility - Labels, legends, placards,
'signs and markings shall be designed to be read easily and -accu-
rately at the anticipated operational reading distances, vibration
motion enviromnment, and illumination levels, taking into considér-

ation the following factors:

-

a. :Contrast between the lettering and its immediate back-
ground.

‘b. Height, width, stroke width, spacing, and style of
letters and numerals, and/or size of detail for other
abstract or pictorial symbols.

¢. Method of application (e.g., etching, engraving, decal,
silk screen).

d. Relative legibility of alternate words.
e, Specular reflection.

$5.5.4.5 Consistency - When function and application is ideantical | New requirement to ensure consist-
words -or abbreviations used shall be identical, i.e., slightly ency throughout the system.
different words shall not be used to identify several controls or
displays that actvally are identical. Conversely, the same words
shall not be used to identify two or more controls or displays
when ‘these are nct functionally identical.

5:5.4.6 Label Background - Label background colors shall contrast| Adds a prohibition on use of
visually With equipment background specified in 5.7.9. No special| shiny metallic backgrounds for
additional background for the label shall be used on the equipment| labels,

without appfbvé% of thé procuring activity. Placards or signs

ithat include their own independent background shall provide maxi-
‘mum contrast ‘betwéen the lettering and immediate background-
*Shin{ metallic backgrounds shéuld not be used for operational
labels, placards, signs or marking. -

3.5.4.7 JLabel Life -~ Characters, markings, and symbols on

labels, legends, placards, and signs shall remain sharp, have
high contrast, and be mounted so as to minimize the degrading
-effects of wear or obscurement by grease, grime or dirt. T X B
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5.5.4.8 Access - Labels shall bérplaced on the19§féfdé—of equip- 4

ment covers to identify control, display or other functions loca-
ted within a covered compartment. Labels attached to: lines or
cables for the purpose of identification, shall -be positioned

-so the label is visible and properly oriented with respect to
‘the nominal viewing position of the technician, i.e.; when labels
are attached during bench assembly (as opposed to- attachment when
lines or cables are assembled on the -equipment), labels shall be
oriented for the benefit of the eventual field techaician, not
the factory assembler. Both -énds of a czble or line -shall be

labeled, and the connector elements shall 2is0 contain appropriate

matching labels.

5.5.4.9 Label Surface - Whenever practicable, labels; legends,
placards or signs shall be placed on a flat surface. If a label
‘must be placed on a curved surface, lettering or symbols shall be
completely visible to the observer f{r-m his or her nominal vantage
point (i.e., portions of characters or symbols. shall not -dis- ]
2ppear due to the size of the symbol!s and the curvature of the
vurface.) When the curvature is sucn that the lettering would
become too small to be read, another mode of labeling shall be
used, e.g., attached tag, etc. )

5.5.4.10 Figure-Ground Contrast -7[Use original material from
par. 5.5.5.T and 5.5.5.2.' ]

Adds specific requirements for label
access by technicians.

Adds requirements about the surface
on vwhich the label is mounted,
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5.5.5 Desé&nﬁdf»Lettersl Nuﬁerafs,ihd'Symbols

5.5.5.1 Letter/Numeral Design

5.5.5.1.1 Type 5t¥1e - Letters and: numerals shall be of a simple
style without serifs except as may ‘be necessary to distinguish
between characters which would .otherwise be confused (e.g., I and
1), Acceptable styles are shown in Fxgures and_ __. Other
spec1f1c styles may be acceptable provided they conform generally
with the simple style in the illustrated fonts. Capital letters
shall be used for labels, legends and short messages (only a few
words), Lower case should be used on p1acards and signs with long
messages (e.g., complete text sentencesy).

5.5.5.1.2 Letter/Numeral Width = The width-to-height ratio shall
be between 3:57and 1:1 for all characters and styles except for
the "I" and "1". (The 1:1 ratio is appropriate for use on curved
surfaces such as counter drums, small pipes, and cables.)

5.5.5.1.3 Character _Stroke Width - When characters are used

on a light background, the stroke width shall be approximately
1/6 the height of the character. When light characters are used
on a dark background, the stroke width shall be 1/7 to 1/8 the
height of the character Note: The above ratios shall apply
regardless of how high characters are made for distance viewing.
However, for certain applications, characters with different
stroke widths may be used -on the same sign for emphasis. In this
case, theé thinnest character stroke should be no less than 1/8
qnor the thickest character. stroke greater than 1/5 respective
character heights,

5.5.5.1.4 -Stroke Continvity - Continuous stroke characters shall
be used where aplecaEIe ani practical for all equipment labels,
legends, -placards and signs. (For dot or ‘segment pattern alpha-
numeric characters, see 5.2.6.2.3). -Stencil characters -may be
used for shipping—containers. Stencil characters shall rnot -have
stroke breaks greater than 1/2 the character stroke width. Sten-

cil stroke widths should conform to requlrements in 5.5. 5 L.3.

- comprehens1ve and better odrganized

. Includes: varxatxon of stroke width

This section presents a much more

set of requirements for design of
lecters, numerals, and symbols.

5.5.5.1.1 Less restrictive than
1472B, in- allowing characters of
simple style without serifs.

Ref: McCormick, Human Factots. in
Engineering and Design; 1976,
p. J0.

on signs for emphasis.

New réquirement for stroke con-
tinyity, and limiting the breaks
in stencil characters.

220
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] ) Figire _ __ ~ Numerals and letters for Aircraft Instruments . i
T A (MS 33558 - ASG) :




Maximally legible numeral/letter style based on individual
character recognition (available in LeRoy lettering guides)

—Equxpment that must meet IS0 standards, refer to ASCC AIR STD
107/6D "Numerals and Letters for Aircrew Station Displays".

ABCDEFGHIJKLMNOPQRSTUVWXYZ&abcdef
ghij‘kljmnopq rstuvwxyz12345678908%.," ;"

News Gothic (Standard printer's type)

ABCDEFGHIJKLMNOPQRSTUVWXYZ&

g%cdefg'r)?l jklmnopqrstuvwxyz 123456789

Helvet1ca (Standard printer’'s -type)

.
Figure ~ Examples of Acceptable Latter/Numeral Styles for
) Use on Instruments, Labels, l.2gends, Placards, Signs
R =< i = i =
e e —F e _{i:ﬁ
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IMINIMUM SPACE BETWEEN CHARACTERS, 1 STROKE WIDTH;
SETWEEN WORDS, 6 STROKE WIOTHS)
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VIEWING OISTANCE {IN.}

“Letter-Height vs Viewing Distance and lilumination.Level

(Metric conversion: 1" = 2.54 cm)

=== FOR INSTRUMENTS WIHERE THE POSITION OF TiE NUMERALS MAY VARY-AND THE
ILLUMINATION !S BETWEEN 0.03 AND'1:0 FT.L.

--- FOR INSTRUMENTS WHERE THEPOSITION OF THI: NUMERALS IS FIXED AND THE
JLLUMINATION IS 0.3-1.0 FT-L. OR WHERE POSITION CF THE NUMERALS MAY VARY AND
THE ILLUMINATION EXCEEDS 10 FT-L.

== +~=FOR INSTRLﬂlb\’TS \\'HERE THE POSITION OF THENUMERALS IS FIXED AND
THE ILLUMINATION IS ABOVE 1.0 #1-L.

Marking cf Aircrew Statior Displays Ref: MIL=

* Note: For
‘M=18012B.

Figure . _ = Character ‘Height Criteria for Instruments;,
rigure o .Panels and Equipment Vieved in Close Proximity
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LETTER HEIGHT (INCHES)
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50 100 200 300 400 500 400 700 800 900 1000

VIEWING OISTANCE (FEETS

Minimum letter height for 10-foot viewing
distance = 0.3 inches. Letcer height for Jonger
viewing distances may_be computed as follows:

(Metric conversion:
1" = 2.54 cm
1I'=0.3m)

Viewing distance (ft) 3¢ 0.3"

Desired letter height == >

Figure - Character Height Criteria for Viewing Signs

at Extended- Distances
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5.5.5.2 Character Spacing - The minimum space between characters
within a word shall be one stroke width, However, character
spacing should be adjusted to provide an appearance of "open area
balance" within single words, 1.e., when adjacent vertical strokes
between adjoining characters are compared to adjacent characters
in which vertical componerits are far apart the word: will appear

to be properly spaced. In such cases it is recommended that the
space between adjacent vertical strokes be slightly wider than
between vertical/horizontal or horizontal/horizontal strokes.

5,5.5.3 Word Spacing - The preferred space between words is the
width of one character (except for "I" or "1"). Minimum spacing
between words shall be i/2 the width of one character.

5.5.5.4 Confusion Between 'I', '1' and 'L' and Between '0' and 'O
When a label, legend, placard or sign contains characters which
might be confused between one another, they should be made distin-
guishably different as follows:

a. The lower case letter 'L' should have a tab at the lower
end extending to the right,
b. The numeral '1' should have a tab at the upper end extends
ing to the léft,
c. The numeral zero should appear narrower than the letter
'0' of a given font.
5.5.5.5 Line Spacing éIUSe original material from par. 515.5.113’
5.5.5,6 Character Height =~ Character height for labels, legends,

and signs shall be determined on the basis of criteria. in Figures

and.

.

5.5.5.7 Pictorials - Pictorial isymbols may be used in place of
certain, one= or ‘two-word: labels, and/or in addition to a word
label when thz pictorial provides quicker operator résponcz (i.e.,
the observer can grasp ‘the meaning faster -than would 6ccur in
reading a word or words). Pictorials shall be completely unambig-
uous under the expected visual operating envirdnments (i.e., the

Clarifies the criteria for
character spacing.

Ref: Woodson, Handbook of Human
Factors. Engineering Data,
Ch. 3, p. 44, (in press).

New requirements to preclude ~on-
- fusion between certain characier
- pairs,

Introduces coverage of pictorials,
- not included: in 1472B:

225
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size provides sufficient descrimination of symbol detail, and ad- { FMVSS-101 "Control Location,

Identification and Illumination".
Standards established by SAE

e : : . . ; Driver Controls Standardization
equipment shall conform to requirements in Federal Motor Vehicle Committee.

Standard: (FMVSS-101). Other pictorials shall be subject to ap-
-proval by the procuring activity.

equate ambient or internal illumination is provided)., Pictorials :
should: not be used on a control that may rotate and thus position
:the -symbol so--that it may be confusing. Pictorials for automotive
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5.5.5.8 Borders - There shall be sufficient clear space between
characters and words used for labeling or signing to prevent the
label from appearing crowded and in some cases difficult to read.
The minimum clearance around a character or word shall be 1/2
character height, preferably more. On the other hand clearance
around a character or word or set of words should not make the
label appear "lost" within a large expanse of background, i.e.,
the label should be appropriately framed to aid the .observer in
focusing on the character or words. No performancé limits have
been established for maximum clearance around a label.

5.5.6 Equipment Labeling

5.5.6.1 Assemblies, Components, and Parts

5.5.6.1.1 General Requirements - Each assembly, component, and
part stall be Iabeled with obvious exceptions (1.e., carrying
‘handles, panel fasteners, equipment locks, door handles, and/or
vehicle steering wheel, aircraft joystick, etc.). All labels
shall conform to requirements herein with regard to visibility,
readability -and meaningfulness.

5.5.6.1.2,1 Cabinets - When several equipment cabinets are loca-
ted in a -singTe work area, each cabinet should be labeled to aid
the operators and other personnel in quickly ident:fying what each
eéquipment cabinet is, i.e., radar unit, communications unit,

~ computer, -etc. Such identification labels shall be located in a

- -conspicuous position considering the typicdl observation points

: :from which each equipment should be identifiable. Primary cabinet
labels stiould be located in -as consistent a manner as; practicable. .

80- that observers do not have ‘to hunt for tae label, The size of |

: the material on each label shall be consistent with viewing dis-
‘tdnce requirements:

5.5.6.1.2.2 Panels - Where applicable, each panel within a given .

equipment or console shall be labeled if the panel must be identi~|

fied from-others, i.e., when ‘a: given panel integrates a specific

operating function as :distinct from another panel, a general sys~

tem or subsystem identification label shall be provided.

New- matevial on requirements for

1 -clearance around labels.

Systematically covers requirements
for labeling for typical applications
such as parts, panels, cabinets,

etc,

; ’;‘»‘;A ‘}% 't_:‘f.”ffg ol o Ee R S
2
. -3 )
. ;‘ :
e - P e s — — - I e e o e e PR ,;._” SR




© m e e e o n me—
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5.3.:6.1.2.3 Sub Functions - When sub-function areas on a single
‘panel must be easily and quickly differentiated from other areas
on the panel, the sub-function 2rea should have a label approxi-
mately "centered" above the sub-function area. When the shape of
the .components within the sub-function area is not uniform, con-
sideration should be given to surrounding the area with a suitable

border to define the limits of the sub-function area.

5:5+6;1.2.4 Cabinet, Paneél, Sub-Function and Component Label
Differentiation - Labels Tor identilying a prime equipment
cabinet vs panels, sub-functions on a panel, .and individual panel
componients should.-be differentiable in terms of the label size

(e.g., letter height). The size encoding should progress as
follows:

a. Largest label size for the prime equipment.
b. Next largest label for individual panels.
c. Next largest label for sub-function areas within a panelf

d, Smallest label for individual components, -e.g., dispIays;
controls.. ’

Note: Label sizes shall be compatible with expected viewing dis-
tances. However, to provide discriminable differences among label
sizes, each label character height should be at least 20 percent
(25 percent is preferred) larger or smaller than the next function
level. (Refer to example, Figure ). '

228




-

g

229

EQUIPHENT 11rie

Largest label size

Second largest

- Third largest
PANEL TITLE ~ ~ —~

SUB PANEL TITLE &

COMPONENT
THLE

N\

\

. Fourth largest
FUNCTION -

mn\"f/mcu ~-—— Smallest

Figure - Label Size-Hlierarchy Example for Equipment,
Panel, Subpanel and Component Identification
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MF1 RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

5.5.7 Control-Display Labeling

5.5.7.FY General Requ1rements —[ﬁse material from original
ar, 5.5.6. 2"1] i

5.5.7.2 Simplicity - EUse material from original par. 5.5.6.2. 2]

5.5 3} Functlonal Labeling - [pse material from original par.
.5.6.2.3

5.5.7.4 Location — The following shall apply to the location
f control and display labels.

a. Ease of control operation 'shall be given priority over
vigibility of control positioa labels,

b. Labels may :be located either on the control or display
and/or on the panel adjacent afid' above the control or
display as appropriate, However, consideration shall
be given to- an alternate label position relative to the
control if ‘the control and/or the operator's hand will
obscure the label, i.e., if the display or con:rol is
above the operator's eye level it may be more appropriate

(See also 5.5.2.2 and 5. 5 2.3,)
¢. The units of measurement (e.g., volts, psi, meters)
associated with a display should be located on the face

of display; but for a control they should be on the
panel adjacent :to the control.

d: [Use original material from par. 5.5.6.2.4 (d).}

e. Label location throughout a system and within panel
groupings- shall be as uniform as is practlcable.

5.5.7.5 Size Graduation = Size graduation should be used when
F control has both: an 1dént1fy;ng abel and sub-labels and/or

umerical graduations (see 5.5.6.1.2.4).

to locate a particular label below the display or control:

- thnS

‘The size graduations were specified
|-as -part of the requ1remer~s for label-
| ing different sizes of equipment
{items in 5.5.6.1.2.

‘Recognizes that there may be excep-

tions to absolutely unlform loca~

230
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MF1 RECOMMENDED MODIF]CATION

RAT 1ONALE/REFERENCES

5.5.8 Hazard Signing and Mérkiqé,- Appropriateisigning and
marking of all potentlal hazards to personnel shall be provided.
The following shall be considered:

a.

b.

5.5.8.1

Fixed physical obstructions (i.e., low overheads, open

‘hatches or manholes, posts, guard rails, etc.).

Moving hazards (i.e., conveyor belts, chains, gears,
loaders, .cranes, booms, etc.).

Equipment contact hazards (i.e., high voltage, high
temperatutre, etc.).

Radiation hazards (i.e., electromagnetic, nuclear).
Laser beam,

Toxic contaminants .(substances and- gases).

Flash or high intensity light.

Requirement for safety glasses.

High noise or blast.

Requirements for hard hats.

Explosives.

High pressure containers, hose, etc.

Slipping and falling hazards.

Other (i.e., Fire, First Aid, rescue, e.g., "cut-here"
aircraft fuselage marking, "NO STEP", etc.).

Color Coding ~ Surface colors selected for identification

of phivsical hazards shail conform to criteria in Table .

- New material covering signs for
_ hazardous situations.

‘Ref: Woodson, Handbook of Human

Engineering Data, Ch. J,
p. 88, (in press).

N1 pm————




Table Surface Colors for Identification Coding

Application

Cclor*

Red is the basic color for fire (e g., alarm boxes,
2xtinguishers, buckets, etc.), danger (e.g., cams
with flammabla contents, safety pin streamers,
s1gns, etc. ), 'stop” (bars on hazardous machinery,
switches, signs, etc.), and emergency (equxpment
shut—-down sw1tchns, police llghts, 2tc. ).

Red - 11105

Orange is also used “for dangerous CondltIOFs, e. g.,
hazardous moving parts of machines, startlng
switches, machinery, levers inside of guards

for gears, chains, cutting edges, and pulleys,
starting buttons, etc.

Orange - 12246

Yellow is the basic color used for decignating
caution and marking physical hazards that might
cause a person to stumble, trip, fall, collide, etc.
Yellow and black stripes are usually recommended

for mobile equipment, cover1ng on guy wires,
unguarded platforms, pillars and columns, and
emergency controls used with red lighting (e.g.,
landing gear emergency handles, ejection seat
handles, etc.).

Yellow - 13655 g

Green is the basic color used for de51gnat1ng
safety and first-aid equipment (survivyal kits,
first-aid kits, stretchers, etc.).

Creen - 14187

Blue is another color used to designate Zaution;
it is generally limited to warning against
starting or using equipment under repair (barrier
flag§ or gigns for elevators, ovens, boilers,
etc.).

Blue - 15102

Purple is the basic color used to designate
radiation hazards. Yellow should be used with
purple for tags, 1l abels, and signs for rooms
and containers storing radloactlve material or
for containers and areas contaminatéd with
radioactivity.

Purple = 17142

*FED-STD-595 .




ORTGINAL REQUIREMENT

MF1 COMMENTS

5.7 GROUND WORKSPACE DESIGN REQUIREMENTS -
5.7.1 Gereral -

5.7.1.4 Panel Slope - For normz) console operation, the slope of the

centrol-displey panel surface shell begin at the level of the console
shelf.

This is not the most important
criterion for establishing deparrure
point for the panel slope.




MFI RECOMMENDED MODIF [CATION

RATIONALE/REFERENCES

5.7.1.4

Panei,8102e ~ Visuyal digbiay panels should be oriented

to position displays in s convenient orientation for comfortable
and parallax-free viewing. The following factors shall be con-
sidered in determining the most appropriate panel crientatlon:

Prévides criteria for establishing
the departure point for the display

panel and its slope.

a. The normal eye reference level. Professional judgment.
b. The typical head slump angle (see Figure 1)-.
c. Whether both a standing and seated observer must have
visual access to the display(s).
d. Whether controls have to be mounted on the same panel.
e. Whether the panel slope will position displays so that _
ambient light reflections and/or reflection- of the
operator in the face of a display will obscure display
details,
f. How far the operator musr be away from the panel due
to desk area requirements, i.e., for writing, a keyboard
or other controls., For typical console-panel orientation
and dimensions see Figures 24, 25 and 26. -
. ’ ) 233
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.7.2 Standing Operations -

5.7.2.1 Work Surface - Convenient work surfaces to sugport job instruc-
tion menuals, worksheets, etc., shall be provided for standing opdrators.

Hork bhenches and o'her work surfaces shall be 36 +0.5 inches (915 £15 rm)

above the floor, unless otherwise specified.

-y

5.7.2.2 Disulu/ Placement, Hormal - Visual displays mounted on vertical
panels and useG in normal equipment opeiration shall be placed in an area

| between 41 inches (1.040 m) and 74 inches (1.850 m) above the stending
surface.

!

5.7.2.3 Dispiay Placement, Spacial - Indicators that must be read pre-
i ? ely and frcquently shail be placed in an area between 50 inches
;

270 m) and 69 inches (1.750 m) above the standing surface.

+5.7.2.4 Control Placement, Hormal ~ All controls mounted on 2 vertical
surface and used in normal equipment operatien shall be located in an

i area between 33 end 74 inches (860 mm end ?1.880 m) 2bove the standing
lsurface
i
!
{
i

5.7.2.5 QContrni Plecerent, Soecial - Controls requiring precise or

£ye

frequent operation and emergency centrols shail be mounted betweer 34

and 57 incnes (860 mm and 1.450 m) above the standing surface and no
. further than 22 inches (560 mm) laterally from the centeriine.

T —— W en

——
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MF | RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

2.7.2.2 Display Placement, Typical - Visual displays mounted
in standard equlpment racks sgaII be located between 106.} cm

(41 inches) and 188.0 cm (74 inches) above the 5standing surface.

5.7.2.3 Control Placement, Typicai - Controls mounted jn standard
equipment racks shall ba Tocated between 86.4 cm (34 inches) and

138.0 cm (74 inches) above the standing surface.

5.7.2.4 Special Applications = Cuncrols requiring precise or
frequent operation and/or eémergency controls shall be mountec
between 86.4 to 144.8 cm (34 to 57 inches) above the standing
surface and nc further than 55.9 cm (22 inches) laterally from

the normaliy-positioned operator's centerline. Displavs requiring
precise, frequent readout shall be placed between 127 to 175 cm
(56- to 69 inches above the standing surface.

We asszume standard equipment racks
would be the typical situation for
stand operation.

Conforms to generally to the
preferentizsl ranges in MIL-HDBK 759,
but allows somewhat greater tolzr-
ance from the optimum.

234
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5.7.3 Seated Operations -

5.7.3.1 VWork Surfsce Width - A lateral workspace of at least 30 inches
(760 nm) wice and 16 inches (400 ma) deep shall be grovided whenaver
practicable,

£.7.2.6 Display Placerent, Norsal - Visual cichluys mounted on vertical
canels and vsed in norrai equigment aperation snill be pleced ia 2n
area between & and -8 inches (130 7w and 1.229 o) 2bove the sitiing
surface.

"

£.7.3.7 Display Placerent, Special - indicators shat rust be reec pre-

cisely and srequentiy thel: b: placed in an arz2 between i< and 27
wnches {360 end $50 rm) above the sitting surface, and no further than
22 inches (580 0=} laterzily from the cenzerlwne.

<, N

7.3.8 Warning Disolays - .or st7 consoies reguiriag horizonted
r:5icn over the top, cr:::ce: sise2l warning dicpleys shz1li be rs.nte

t te2st D2.2 inches {570 o} eba the sittin~ surface.

[ 1™

Y

£.7.2.% Qontrol Piacezent, Horm2i - All controls =ounted cn 2 vertice
surface end used in normal equipment operation shall be locates in an
ared between 8 and 35 inches (230 and BS0 sm1) 2bove the $itting surface.

5.7.2.10 Control Placesent, Special - Controis reQer:ng precise or
frequant operztion shall be rounied begween 8 dnd 30 inches (200 ang
760 mm) 2bove the sitting surface.
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RAT TONALE/REFERENCES

0 5.7.3.1 Work Surface Width

- 9.7.3.1.4 Writing - A minimum area 61 cm wide by 41 cm deep

* (24 by 16 inches) should be providéd when a- writing surface is
required (the preferred area is greater, i.e., 76 by 51 cm

© (30 by 20 inches)?). i

5.7.3.1.2 Special Requirements - When a horizontal work space

must accommodate keyboards, other controls, and/or centrols plus
writing area, spatial dimensions and configuration shall provide
~ the best compromise for the multi-task roles considering the
following:

a. Relationships between desk-mounted controls aud other
displays mounted on forward, vertical and/or sloping
panels.

b: Convenience requiremen“s for operating certain desk=-
mounted controls (e.g., joystick, tfack ball),

¢. Convenience for writing, considering both left and.
right-handed operators.

Breaks out writing area as a
separate requirement,

Introduces special requirements
where the operator station must
accommodate multiple tasks,
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MF1 RECOMMENDED MODIFICATION | RATIONALE/REFERENCES

5.7.3.6 Display Placement, Typical - Console or rack-mounted
displays viewed from a seated position shall be located between
15 to 122 cm (6 to 48 inches) above the sitting surface.

5.7.3.7 Control Placement, Typical ~ Console or rack-mounted
controls operated from a sitting position shall be located between
20 89 c¢m (8 to 35 inches) above the sitting surface. :

5.7.3.8 Special Applications

£.7.3.8.1 Precision Requirements = When display readout accuracy
and continuous or Irequent mon:-toring 1s required, such displays
shall be located between 36 to 94 cm (14 to 37 inches) above the
sitting surface, Controls requiring precise or frequent opertion
shall be located between 20 to 76 c¢m (8 to 30 inches) above the
sitting surface.

5.7.3.8.4 Jver-the-Top Viewing and: Warning Display Location - For| Adds requirements for over-the-top
"git" cons.Tes requiring horizontal vision over the top (1.e., viewing for the seated operator,
to monitor displays external to the console), the top of the con- | based on anthropometric data.

sole shall not be more than 73.7 cm (29 inches) above the seat
surface, and/or less if the external display cannot be located
so that its lowest display element can be placed high enough

to be viewed under the above specification. Critical warning
displays mounted on the console shall :be Tocated at least 57 cm
(22.5 inches) above the sitting surface.
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5.7.6 Special-Purpose Console Design -

5.7.6.1 Horizontal Wrap-Around (Figure 25) -

5.7.6.1.1 Panel Width - When requirements fur preferred panel space

for a- single seated operator exceed a panel width of 44 inches (1.120 m),
a flat-surface, segmented, wrap-around console shauld be provided, so

as to place all controls within the reach of the 5th percentile station-
ary operator.

5.7.6.1.2 Panel Angie - The left and right segments shculd be piaced

at an angle, measured from the frontal plane of the ceritral segment,
such that they can be reached by the 5th percentile stationary operator,

5.7.6.2 Vertical/Stacked Segments (See Figure 26 for example.) -

5.7.6.2.1 Pane) Division ~ Where direct forward vision over the top

of the consofe s not required by a seated operator, and when lateral
space is limited, the panel shall be divided into three vertical/stacked
segments whose 5urfaces should be perpendicular to the operator's line
of sight with little or no head movement.

5.7.6.2.2 " Hei ht - The center of the central segment should be 31.5
inches (800 mm) above the seat reference point. The height of this
segment shall not exceed 21 inches (530 mm).

There seems to be no reason to
specify three surfaces as opposed
to some other number
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5.7.6.1,1 Panel Width - When re

provided- so that all control
-male and/or female operator,

5.7.6.1.2 Panel Angle - Viewing angle

tions should
.ot her
‘than 45

tould be ‘approximately "normal
ead to view each pPanel, and in
from ‘the normal.

quirements for preferred panel
space for a“Tixed, seated operator exceed a width of 44 inches
(111:6. cm), a "wrap-around" console configuration should be

s are withih reach of a 5th percentile

s for wrap-around configura~
as the operator turms his
no case shall vary more

Specifies female as well as male
operator,

Relates panel angle for the wrap-
around to normal viewing angle.




|
|
i

MFT RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

3.7.6.2.% Panel Division - Where direct forward vision over the
top of a console 1s not required by a seated operator, and when
space is limited, a vertical "wrap-around" configuration should
be used. Individual panel segments should provide an approximately
"normal" viewing angle as the operator raises or lowers his or ger
‘head to view: each panel, and in no case shall vary more than 45

from the normal.

5.7.6.2.2 Height - The center of the central segment should be
approximater~§8 inches (71 cm) above the seat reference poiat,

Requires that panel segments
accommodate approximately normal
viewing angle, but removes

the limitation of three different
panel surfaces,

Changes the criterion value to

28 inches to allow for female
population and the normal depression
of the viewing angle from the
horizontal.
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5.9.3 Adjustment Controls -

5.9.3.1 Calibration Adjustments - Knobs should be selected in prefer-
ence to screwdriver adjustments whenever frequent adjustment must be
performed.

5.9.3.2 Screwdriver Adjustments - If screwdriver adjustments must be
made without the aid of vision, mechanical guides for the screwdriver
shaft shall be provided or the screws shall be mounted so that the
screwdriver will not move out of position.

5.9.3.3 Reference Scale for Adjustment Controls - A reference scale
or any other appropriate feedback shall be provided for all adjustment
controls and be readily visible to the person making the adjustment.

5.9.3.4 Control Limits - Calibration or adjustment controls which are
intended to have a limited dearse of motion shuuld be provided with
adequate mechanical stons to nrevent damaqe.

3.5 Sensitive Adjustments - Sensitive adjustmenl points shall be
located or quarded so that adjustrents will not be di<rurbed inadvert-

ently, Suitable hand or arr support shall be provided near the location

to facilitate making the adjustment in all cases wher2 the operator is
subjected to disturbing vibrations or acceleration during the adjust-
ment operation,

5.9.3.6 Hazardous Locations - Internal controls should not be located

close to.dangerous voltages, rotating machinery, or any other hazards.
If such location cannot be avoided, the controls shall be appropriately
shieided and labeled.

Should be made explicit that
screwdriver adjustments are for
technician only.

Should be more explicit.
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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_ Calibration Adjustments -[Use original material from
5.9.3.1.) 7 : -
5.9.3.2 Screwdriver Adjustments ~ Screwdriver adjustments should

be used when the particular adjustment should not be made except
by specifically designated maintenance technicizns. When screw-
driver adjustment controls are used, the control shall be located
where it is visible for mating the screwdriver with the screw. If
the adjustment control cannot be made visible, it shall be mounted
so that the screwdriver can be maintained firmly in the screw

T a mechanical guide or other aid to hold the
screwdriver in the proper position while it is being turned.

5.9.3.3 Adjustment Feedback - A reference scale
npriate feeaéack sha e provided,
Indication of adjustment changes.

or other appro-
l.2., visual or auditory

5.9.3.4 Control Limits -[ﬁse original material from 5.9.3.4 but
add:] Screwdriver control slots should be deep enough to minimize
screwdriver slippage and slot damage,

5.9.3.5
5.9.3.5.]

Sensitive Adjustments —[Use original material from

5.9.3.6 Hazardous Locations - Iaternal controls should not be
located cTose to dangerous voltages, rotating components such
as gears, belts or chains, or near extremely hot components.
When adequate separation cannot be maintained, appropriate
shieiding shall be provided, and conspicuous warning labels
posted where they are readily visible to the technician before
he or she inadvertently contacts. the hazard,

Adds the important provisicn that

adjustment controls must conform

‘with basic requirements stated

earlier in the standard,

Limits use of screwdriver adjust~
ments to those made exclusively by
maintenance technician. Clarifies
wording,

Shallow screwdriver slors must be
prohibited because of tool slippage
and eventual wear-down of the slot.

Provides more explicit requireanents
for bazardous location of contvrols,

T W T,
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5.9.14.10 Drawer Modules - Drawer modules designed for “remove and
replace” maintenance shall be provided with connectors mounted on the
back of the drawer and mated with connectors in the cabinet to accomp-
lish electrical inter-connection between the drawer, other equipment
in the rack and external connectors, where feasible. Guide pins or
-equivalent devices shall be prosided to aid in alignment.

This overlooks the hazard if the
drawer could be pulled out
completely and dropped.
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MF1 COMMENTS

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 7

2. Maximum speed should be between 140 to 200 RPM.

b, Crank radius should be between 2.25 inches (57 mm) and 4.5
inches {115 mm): *

(1)
(2)

Hich RPM requirement: smaller crank radius

Low PPM requirement: larger crank radiuys.

No change is recommended for this
paragraph except if the referenced
Figure 7 changes number.
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5:9.14.10 Drawer Modules ;[Use original material from 5.9.14.,10,

but add—Ehe*foIloQihgj’ i

When practicable, drawer modules should be mounted on
glidé tracks that incorporate mechanical stops to prevent the
drawer or chassis fxom being accidentally -pulled all the way -out
and dropped. Provide handles on the front panel of drawers aad

chassis modules that have sufficiént panel area for securing such}

handles. Where appropriate consider use of latch=type handles

so that the act .of unlatching -for removal of the drawer and

withdrawal can be accomplished. without requiring change of hand
~ position. ) )

This adds a very necessary safety
requirement for mechanical stops -to
- prevent accidental drawer with-
dfawal from the slides.
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5.9.19 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 feed-
back shall be provided to insure that the technician knows
when the board is securely connected.

‘NEW
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5.12.9.4.6 Driver Station Design - Requireménts for operator
workstations described herein shall generally ‘be applied to

autometive driver stations. In addition, the following factors
shall be considered:

a. External visibility shall be adequate to observe the
necessary reference extremities of the vehicle to safe-
steer the vehicle, to observe clearances between the
vehicle and other objects, and to obzerve key elements
necessary foc making steering and braking decisions
i.e., traffic lights, road signs and -markings. When
the vehicle will be used on public roads, it shall be
be designed in compliance with Fedzral Motor Vehicle
Standards pertaining to exterior visibility.

b, All internal wvisual displays shall be designed and lo-
cated for easy access by the operator when his or her
eyes are positioned for normal roadway observation.

c. All controls that may be operated while the vehicle is
in motion shall be easily accessible from the operator's;
normal operating position, and it shall-not be necessary!
for the operator to reach to the extent that his or her |
eye referance is drawn to a position in which the opera-
tor cannot maintain adeguate eye contact with the road:

d. Driver controls and displays shall be as consistent
as practicable among similar vehicles in terms of
. -~ basic design and location i.e., the common elements
, shalll be similar (e.g., brake, clutch and accelerator,
ignition/starter, lights, windshield washer/wiper,
turn signal, horn, speedcméter, fuel, o0il and tempera- -
ture displays, etc.). .

NEW
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5.13.5.6 Moving Fquipment - Auditory warning devices shall be
provided on all large equipments and/or vehicles to indicate
when they are in motion,i.e., backing alarm for large vehicles

in which the operator may be unable to see directly to the rear,
operator controlled signalling device to warn persons in the
path of a machine (when the general noise environment makes it
difficult to know that a machine is about to move toward an indi-
vidual who may not be facing it), ctc.

e
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ORIGINAL RECUIREMENT MFi COMMENTS
5.14 AEROSPACE VEHICLE COMPARTMENT DESIGH REQUIREMINTS -
5.14.1 General - Aerospace vehicle compartments shall ke dosigned o i
optimize human efficiency, safety, ind comfort within the consiraints
imposed by system requirements.
5.14.1.1 Windows, Canopies, and Windshields -
5.15.1.1.1 Visual Performance - Trassparent zress shall Le designes”
to be free from color, distortion, or ony other factors that wowig
degrage visugl performence below the level required for missing gcgomp-
}ishment.
£.14,1.1.2 Nultilavered Windows - Visuai performince sha2ii not be de-
sraded below the leve! required for mission accomnlishmant by loss of
light trens=ission or by multireflections resulting from muitilayered
windows.
5.14.5.1.3 Anale of Incidence - Wiesn undistsried a2xternai vision is
reguired, the 2ngle of incidence ’see 3.3V shell not exceed §0 desress. i
I
£ 1%.1.1.4 Unobstructed ¥ision - windows and €2ux7ies §%ei! Le disigned .
‘n- oprinum pacbstructed visson. Widih OF strucizral so~bers in Ihe iine
6! sision should 'not exceed 2.2 inches (35 mr). B
5.14.1.2 Instrument location - Instrurents shali be locazed so that, Too general.
with glare shields and bezels in place, they can be 2asily reac by
appropriate crew rembers. )
5.14.2 Crew Stacions and Passenger Compartreats (All Aerospace vehicles) ,
¥
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MFI RECOMMENDED MODIFICATION

RAT IONALE/REFERENCES

5.14.1.2 TInstrument Location - Cockpit instruments and inte-

grally-illuminated knobs and panels shall be located to optimize

pilot(s) viewing angle and minimize effects of sun glare on in-

struments and/or reflection of display surfaces on windshield,
Glare shields and bezels shall

canopy or side windows at night. ATe 1 _
not obstruct complete view of all critical display detail on

iustruments, legend switches or controls, considering the com-
plete range of operstor sizes and potential seat adjustments

the operator may have made,

Adds specificity to the require- )
ment for gl-ore shielding of cockpit
instruments.




OR1GINAL REQUIREMENT

MF 1 COMMENTS

5.14.2 Crew Statiuns and Passenger Compartments (A1l Aerospace Vehicles)

5.14.2.1 Pilet and Copilot Stations (Aeronautical) - Specific design
requirements for pilot and copilot stations are conteined in MIL-STD-
203, MIL-STD-250, MIL-STD-411, MIL-STD-783, MIL-STD-850, MIL-S7D-1333,
MIL-L-5667, MIL-P-7788, and MIL-M-18012. Human Engineering design of
pilot and copilat stations not covered in the above documents or other:
contractual documents (e.g., handbooks and menuvals) shall be in accord-
ance with the criteria in this standard.

Add reference MIL-C-81774 to
this paragraph and also to the
list in the front of the docu-
ment.
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ORIGINAL REQUIREMENT

MF1 COMMENTS

5.14.2.4 Seating and Restraint -

5.14.2.4.1 General - Seats contours, positions, and restraints shouid
be adjustable to individual anthropometric dimensions of shirtsleeve,
pressure suit, survival equipment, armor, and to foreseeable conditions
and levels of g-loading. Seating or restraints shal) provide an adequate
supporting framework vor the body relative to the activities that must be
performed. Seats shall be designed for maximum protection under g-loading
and for comfort, easc of adjustments, -and minimum weight.

5.14.2.4.2 Vertical and Horizontal (Fore and Aft) Adjustments - Seats
shall have vertical and horizontal adjustments sufficient L0 accommodate
suitably cloched apd equipped users with relevant body dimensions vary-
ing between 5th and 95th perzentile (see 5.6), without degrading their
performance capability.

§.14.2.4.3 Swivel Adjustments - Seats capable of being rotated shal?
contel; at least eight locking positions equaily spaced through 360°.
The seat shall be capable of being swiveled freely, when unlocked,
while supporting a load of 250 pounds (113 kg).

5.14.2.4.4 Height - The sitting surface shall be designed to provige
3 minimum of 'S inches (230 rm) betwneen the sitiing surface and the
bottom of the work surface o~ sheils. (See Figure 25.)

5.14.2.4.5 Accéss to Foot controls - When seated, the operator shal)
have free access to, and activation of, foot-operated contrsls, .

5.14.2.4.6 Backrest - Backrest angle shall vary between 5” and 15°
aft of the vertical for the work position and to a maximum of 50° for

the rest position. The rest angle - shall not exceed an included angle
between seat and backrest of 136°.

Does not
controls

-cover adjustable foot
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MF1 RECOMMENDED MODIFICATION

RATJONALE/REFERENCES

5.14.,2.4.2 Vertical and Horizontal (Fore and Aft) Adjustments -
Use original material, but add the followfﬁg?]f' -

Seat adjustment controls should be located so- that the pilot
can operate such controls without modifying his or her normal
operating body position (i.e., without leaning forward or to the
side, thus removing his or her eyes from the designated
"operational éye reference position.)

Adds the important requirement that
the pilot must be able to make

seat adjustment without shifting

his body or diverting attention
from his visual tasks.
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MFI RECOMMENDED MbDlFICATION

RATIONALE/REFERENCES

5.14.2.4.5 Access to Foot Controls —[Use original material, but
add the foliowingﬂ

When adjustable foot controls are provided, they shall be
located so that the pilot can operate -the control without modify-
ing his or her normal body position (i.e., without leaning forward
or to the side, thus removing his or her eyes from the designated
"operationdl" eye reference position.)

Adds a requirement that foot control
adjustments be made without postural
shift or distraction of visual
attention.
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MF1 RECOMMENDED MODIF ICATION

RATTONALE/REFERENCES

5.14.64,2,6 Exit Signs and Marking - All emergency exits shall

be clearly marked with signs reading EMERGENCY EXIT. Such signs
shall be located so that there will be no confusion as to the
location of the exit and/or so that the sign could be inadver-
tently obscured by persons or articles stowed or sitting near

the exit. Such signs shall be visibie both day and night.
Lettering on such signs shall be fluorescent RED with contrasting
background of at least 80 percent or more. When practicable,

a red line or tape should be used to outline the actual exit
opening.
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ORIGINAL REQUIREMENT A1 MF1 COMMENTS

5.14.4.3 Ejection Systems - Where ejection systems are specified, the
following criteria, and those contained in MIL-5-9479 for USAF, or MIL-
5-18471 for USN, shald apply.

5.14.4.3.1 Clearance - The vehicle shall be designed to provide adequate
clearance for egress of either the ejection seat and occupant or the
escape capsule as applicable.

5.14.4.3.2 safety Harnesses - Personnei safety harnesses shall be easily Needs more specificity.
adjusted and removed and shall be designed to praclude interference with
safe ejection.

5.14.4.3.3 Ejection Controls - Ejection controls shall be readily acces-
sible and activation shall be possible with either hand.

5.14.4.3.4 Control Protection - Provision shall be made to guard against Not strong enough!
accidental activation of ejection controls.




ME 1 RECOMMENDED MODIFiCATION

RATIONALE/REFERENCES

5.14.4.3.2 Safety ilarnesses - Perconnel safety harnesses shall
be easily adjusted and removed, and shall be designed to preclude
interference with safe ejection. A single-action response shall
release all belt elements necessary for the occupant to quickly
remove the cafety harness. The belt release control shall be
accessible to either hand. The release device shall be designed
so that inadvertert ccatact wili not release the belt accidentally.
The force to release the buckle shall be compatible with limita-
tions that any high G~Fforce maneuver may place on the occupant's
ability to reach for and/or manipulate the release device.

Adds requirements for quick
release of safety harmess and
for prevention of accidental
release.
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MFI RECOMMENDED MODIFICATION

RATIONALE/REFERENCES

5.14.4.3.3 Ejection Controls - Ejection controls shall be
_accessible and activation shall be possible with either hand

f- under the highest G-force conditions expected.

'5.14.64.3.4 Control Protection - Ejection controls shall-be de-
signed and/or located so that accidental activation is precluded.
-Ejection control handles shall be appropriately marked with alter-

nate yellow and black striping to denote CAUTION.

Adds important requirement that
release must be possible under
highest G-force.

Strengthens the requirement to
prevent accidental ejection.
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