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PREFACE

The Human Engineering Guide to Ship System Development there-
after called HE Guide for brevity) has been prepared to assist Navy and con-
tractor personnel in planning, managing, and carrying out human enginecer-
ing programs to support the development of ship systems. It is thus intended
to provide positive management control of the human engineering effort
regardless of system size.

HE Guide attempts to answer the questions of what human engineer-
ing is: why it must be integrated during desigr. effort in a cost-effective
manner: how to invoke human engineering in contracts and planning docu-
mentation: how to accomplish human engineering in context of real-world
constraints; and how to evaluate contractors’ products.

The guide is concerned with human engineering in all aspects of
system development. From requirements determination to fleet operation,
the development sequence is discussed in terms of human engineering
requirements, methods, and products; personnel resources: and costs.

HI: Guide i not & compendium of detailed human engineering data
applicable to system development. This information can be found else-
where in selected references listed in this guide.
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1.0 INTRODUCTION

1.1 HUMAN ENGINEERING: THE DESIGN-ORIENTED ASPECT OF
: HUMAN IFACTORS

Human engineering, life support, and personnel selection and training
together constitute the ficld of human factors. Human engineering consists ,
: of those aspects of the human factors tield which are design-oriented: pri- 2

mary cmphasis is on the design of system equipment for effective interfacing

with human operators, maintainers, and users. Human engineering involves

determining man’s capabilities and limitations as they relate to the opera- |
tion, maintenance, and use of Navy equipment and then applying this knowt-
edge to the planning, design. and testing ol cach system to ensure efficient,
refiable, and sate operation by the human operator.® The aim of human
engineering is to ensure the level ol man-machine system performance need- &
ed Tor mission suceess. ;

. Naval Material Command policy requires that the human clement of
: Navy systems shall undergo the same development. test, and evaluation steps
that equipment clements of the same svstem undergo. Human factors, then,
is anessential part of alt Navy system development and acquisition effort.
In carrying oul this policy. the assistance of two burcaus outside the Naval ;
Material Command and the SYSCOMs is enlisted. BUPERS provides sup-
port i personned selection and training, and BUMED in life support.

To some degree humian engineering., selection, and (raining can be
trided oft with one another. That is, in order to attain a given level of per-

formance from a nan-machine system, a deficiency in any one of these three
arcas may be at least partially compensated lor by the other two. For )
example il there simply are not enough good men to go around and selection ;
standards must be relaxed, then human engineering can simplify system
operation as much as possible, and more attention can be devoted to training
to develop the needed skills. With respect to these trade-ofis, the position ;
taken in HE Guide is that human engineering should never be neglected.
with the expectation of satvation through compensatory trades. The reason
i that human engineering is done once by a small corps of personnel and
the total doilar ligure is small. Selection and training, however, apply to
much larger populations with a continuing cost impact throughout the
operational life of the system. Therefore, compensating for inadequate
human engineering by using cither higher selection standards or more com-
prehensive training programs ends up as the costly way to go. The point,
then, is that planning and implementation of sound human engineering pro-
grams not only directly benefit individual man-machine systems. but also
help the Navy make better use of its overall resources., i

* Although the term “human enginecring™ is Cairly standard in Navy use, other terms some-
what similar in meaning are sometimes used. Thus, such terms as biotechnology, human
fuctors. personuel subsystems, ergonomics, and man-machine relations are often used 1o
describe activities which in this guide are conside:ed to be human engineering.
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Although all three human factors ficlds are involved in ship system
development, HEE Guide directly addresses only the role ol human engineer-
ing. The interfucing relationships with life support and personnel selection
and training are. however, indicated at appropriate points (o encourage
etfective interaction among all hunin factors personnel.

1.2 BENEFITS FROM SYSTEMATIC HUMAN ENGINEERING

The payolt i conductiog a systematic human engineering program
is reatized in improved system performance, redaced tramimg cost, improved
manpower utilization, fewer enrors and acadents, reduead maintenance cests,
higher probability of mission saceessind noproved user aceeptance. With-
oul applying a systematic haman engmeenng piogran, attanment of an
effective ship systemis torturtous and improhable

Faiture to apply systeniatic human engiecning can be costly
rescarch indicades that tvpically up to 4077 of Wl shap system malfunctions
are attributoble to hunim error® Lven mereasing aiitoniition of ship sys-
tems does not eliminate the application ol hunn engineering programs.
sinee man is stlb involved as i user and maintainer.

To maximize the pavolts previoushy cited, human cngineering must
be applied throughout the ship system Hife evele. Tostarts with inputs to
planning documents and continues throughout concept fornalation, contrict
definition, engineering development and production, test and evaluation,
and finally fleet operations,

1.3 REQUIREMENT FOR HUMAN ENGINEERING

The requiretnent to involve human engineering in all ship system
development programs and projects is rooted in instructions, specifications,
stundards, ete., as well as in the technical nature of inodern naval man-
machine systems,

L.3.1 INSTRUCTIONS. SPECIFICATIONS. AND STANDARDS

There are several official instructions originating from such sources as
DoD and CNO (see 5.0 BIBLIOGRAPHY ) which specifically describe the
role of human enginceering in Navy programs. The Key instruction applicable
to Navy projects is NAVMATINST 3900.9 of 29 September 1970, “*Humun
[Factors.”

In addition to these instructions. there are military specilications and
standards devoted exclusively to defining human engineering requirements
and providing human engineering design criteria. These specifications and
stiandards are applied to all Navy system development and procurement
efforts. regardless of whether they are performed in-hotise or contracted for
from outside sources. (See MIL-H-46855A in appendix IF.)

*Pickrel. E.W., and McDonald, T.A., “Quantification of Human Performance in Large,
Complex Systems,” haman Factors, 1964, 6. 647-662
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Finally, there exists o series of human engineering design 2uides, man-

uals, and standards that are frequently included as controlling documents in
4 development programs.

] 1.3.2 REQUIREMENTS GENERATED BY SYSTEM COMPLEXITY
g Those involved in ship system projects clearly recognize the trend

3 toward more complex, sophisticated. and increasingly capasle ship systems.

: Any new naval system, regardiess of its technical superiority, is useless unless
k" it can be operated, maintained, and supported by existing manpower. Thus,

; as system complexity increases, more and more emphasis must be placed on

3 designing systems around the human operator/maintainer, Keeping in mind

3

those functions he performs well and those he does not. Fven though a ]
new system may have excellent hardware reliability i will not have satistac-

tory overadl rehiability unless human reliability is also assured.

; This increasing realization of the critical role of man as a part of the
naval weapon or support system is reflected in the new emphasis being given
§ within the Nuvy (o the use of human engineering in all phases of new svstem
development. Thus, in addition to formal, written requirements dictating the
use of human engineering, the technical requirements of new ship systems are
continually placing new importance on engineerig the systems with man as
an integral part not an addition to them at some postdesign period.

1.4 HE GUIDE

ai AL

1. 1 OBIECTIVES

. S

o s ek

HE truide has been prepared for use by the System Commands
within NAVMAT. their supporting laboratories and shipyards, and their
contractors as i guide for incorporating and managing human engineering
¢ftorts in development of ship systems. HE Cuide is concerned primarily
with methodology, documentation, program requirements, available
resources, and organizational approaches to ensure proper and adequate
application of human engincering in ship system development projects.
Thus, HE Guide is intended for use by Navy and contractor personnel, at
all levels, who are responsible for procuring, funding, monitoring, or evaluat-
ing human engineering efforts during development of ship systems.

Current NAVMAT policy requires that human engineering be applied
in all systems under development in due measure with the degree of involve-
ment of human functions in operation, maintenance, and utilization of the 3
system. Management responsibility for ensuring that human engineering is :
property accomplished in a developrent program ultimately rests with the
program manager. For this reason, the program manager needs to know }
what human engincering is, where it fits in the development cycle, how to
plan and arrange for human enginecring support, what it costs, what it con-

tributes, and. finally, how to evaluate a human engincer’s product. There-
fore, a busic objective of this guide is to provide program and project man-
agers with essential information on the use, management, and methodological _
aspects of human engineering. In addition to this general objective, HE Guide \
has the tollowing specific objectives: !

Ry T

oo

a. Standardize procedures. Extensive experience with human engi-
neering techinology and methods has been accumulated by the Navy over the




past years. Txperience has shown that to ensure application ol human engi-
neering at the appropriate times ina ship system development eycle, a need
exists for Tormalizing and stindardizing human engineering participation. By
referring to this guide, cach project manager, regardiess ol project size or
nature, can clearly identily where human engineering should be included in
this project.

b, Optumize use of resources. Because of Himited sources of money.
manpower, and facilities, there is always considerable competition for
resourees among ship system development projects. Utihizing HE Guide.
the project manager can now more accurately establish his human engineer-
ing requirements in terms of when human engineering should be used. who
shoutd do the job, and what it will cost him.,

¢ Orient new personnel. Although not intended as a texthbook, HE
Guide can provide valuable orientation for new engineering personnel or for
engineers who are given human engineering responsibility as a collateral
assignment.

d. Assist in preparing contract specitications. The triservice human
engincering specification, MIL-H-4685S, “Human Fngineering Requirements
for Military Systems, Equipment and Facilities,”™ was published in February
1968 and revised in May 1972.* Until that time. cach service had its own
hunan engineering specification. The triservice specitication makes human
engineering mandatory in development of military equipment. systems. and
Facilities. HI- Guide supplements MIL-H-46855 and aids program and project
management personnel in determining the scope and depth of human eagi-
neering support programs which should be written into contract specifications.

¢. Improve system effectiveness. Human engineering is aimed at
enhancing system effectiveness, and HE Guide is a tool to thisend. Con-
sistent use of HE Guide along with the triservice specification and appro-
priate standards should result in improved man-machine systems in terms
of performance and cost effectiveness.

1.4.2 SCOPL

HE Guide covers system development from requirements determina-
tion to fleet operation, identifving for cach phase the factors which are
important in successtully implementing human engineering in ship systems.
HE Guide does not contain specific human engineering design criteria, since
this information is provided in MIL-STD-1472 and clsewhere. Neither does
HE Guide cover the rescarch aspect of human engineering. In recognition of
the fact that personnel both with and without human engineering experience
will be involved in human engineering matters, HE Guide has been prepared
for use by individuals with responsibility in this arca irrespective of their
professional backgrounds.

*Relerences to alt specifications and standards in this guide are with respeet to the original
issue: users should be sure to utilize the latest issue in effect.
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HE Guide does not specifically address human engineering in ship
JCQUISILION programs. A separate human engineering document, u part of
the Ship Life Cyele Management (S1.CM) support manual serie

sowill cover
tnique human engineering re

quirements i ship aequisition programs,
[norder to provide universal application
to-cover large-scale system developments (those SYstems costing over $5()
million tor R&D programs, 200 mitlion for production projects) A project
engineer overseeing the smaller project can selectively climinate those sections

to Large-scale developments,

HE Guide has been prepared

of the HE Guide applicable only
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2.0 ROLE OF HUMAN ENGINEERING IN SYSTEM DEVELOPMENT L

2.1 OVERVIEW OF HUMAN ENGINEERING 1
2010 WHY HUMAN ENGINEERING? 1

; The need for human engineering in the Navy is based on the fact that E
the science of man and his capabilitics must kKeep puce with, and be included
in, the hardware design technology it system effectiveness is to be maximized. A
Machines never fight alone: they need men to operate and maintain them.
The task, then, of human engineering is to elicit the best performance from N
man and his equipment by combining them in such @ way as to optimize the 1
man/machine/environment system. The key concept in human engineering is

that man is an integral part of any Navy system  not an adjunct to it and. ;
therefore. engineering for human functions is just as important as enginecring 3
for mechanical or electrical Tunctions.

2.1.2 BASIS FOR HUMAN ENGINEERING

] In the past, engineers responsible for design of new systems have some-
. tinies failed to use humain @ngineers, citing three major reasons. First, the |
3 design engineer is a human being and thus can reasonably know what w man 1
] cun and cannot do. Secondly, with or without human engineering, the
ﬁ operator/maintainer of the system will adapt to it eventually regardioss of 3
; its design.  Finally, human engineering costs money which can be better speit 3
’ on hardware acquisition. None of these are legitimate reasons for omitting
human engineering from a development project. 4
As noted in a later section, ultimate responsibility for ensuring that ."
3 human engineering gets into the system design does, in fact, rest with the ._
i design engineer. But simply being human doces pot qualify him as a human 2
1 engineering expert. Human engineering uver the vears hae become 3 separate,
P distinct profession complete with methods, research data, and criteria. The :
, design engineer should be aware of what human engineering is, and where it

i clroatld Ve vt i his partiostar projeet. Me stould solicl lelyy Yrom the
3

s Liiv

_ human engineer when such input is required. He should not attempt to do i
4 the human engincering himself. g
Because man is so adaptable, many previous Navy systems which had
little o1 no human engineering included in their design have operated success-
fully. However, the costs in terms of personne! selection, training, system

i errors, downtime, etc., over the total system life cycle prohibit this approach
in the future. Selecting, training, and maintaining personnel often comprise
the largest single expensc (usually over 50% of the life cycle cost) in operat-
ing and maintaining a Navy weapon or support system. I the system can be
designed to lower the training requirements or make available a larger inven-
tory of available operators/maintainers, then system manpower costs can

be reduced.

e I R

ey A

Human enginecring proceeds on the basis that the capacities and
. limitations of man are cstablished within certain natural limits. If system
| design requires human capabilities beyond these limits, maximum system

Preceding page blank
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elficiency is not achieved, even though the system muanages to operate at
some lesser level of performance. The expeditious use of human engineering
during design can assure systems which are adapted to man’s natural limits
and thereby reduce training requirements, increase potential operator/
maintainer populations, and minimize overall systent costs.

213 WHENTO DO HUMAN ENGINEERING

To be maximally effective, human engineering maust be included in
the systeni development evele from requirements determination through
fleet operation. s imperative that man be considered during the entire
development phase. System performance must not be compromised by
designs which impose Limitations on human operator/maintainer efficiency
simply because the human was considered adaptable enough to fit whatever
hardware was built. Man is a system component and as such deserves sys-
temiatic, specialized attention. System developimient program managers.
because of Lack of familiarity with or interest in human engineering, have
sometimes been responsible for relegating human engineering to a ““non-
essential 7 status, only to find they are faced with costly redesign at a later
date. Such redesign and retrofitting may be needed because of personnel

hazards. man-machine performance limitations, or exeessive manpower costs,

Human engineering application cacly in system developiment would have
precluded the need for these added costs and. in many cases, delays in
making the system available to the fleel.

214 WHO DOLES HUMAN ENGINEERING?

Human engineers do not represent any one professional discipline:
human engineering is interdisciplinary. The original academic discipline
of the human engineer might have been electrical or mechanical engineer-
ing, psychology. physiology, anthropology. industrial design, medicine, or
industrial engineering. In Navy laboratories thie human engineer is most
typically an engineering psychologist with a broad background familiariz-
ing him with military operations and engineering practices.

Unfortunately, there are not enough qualified human engineering
specialists to do all the potential human engineering work in development
projects. For this reason priorities must be established so that the human
engineering attention goes where the needs are most critical. [t is important,
therefore, that progiam managers recognize the need to use their human
engineering talent effectively. The engineers and designers must be made
aware of the role of th: human engineering specialists and know when to
call upon them to assist in design concept development. [t is particularly
important to be very clear about the scope and depth of human engincer-
ing services specified in contractual documents.
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205 WHAT DO HUMAN ENGINEERS DO?

Human engineers conduct research, establish design criteria, and
assist in developing system hardware, software, and support facilities all
properly engineered for effective human use. In collaboration with hard-
ware engineers, human engineers seek to develop new and improved min-
equipment interface that will simplify operator/maintainer tasks and increase
probability of nussion success. They seck to achieve displays that will most
eftfectively present information to the human senses, to obtain the most
cfficient controls for human operation, and te create an optimum work
environment. Because the suceesstul design ol a systeny requires considera-
tion of man’s basic characteristics, human engineers study man’s sensory
capacities, muscular strength and coordination, body dimensions, per-
ception and judgment, basic skills, work capacity, and requirements for
comtort, sufety . and freedom from environmental stress. Such studies
include both basic and applied caperimental rescarch, utilizing scientilic
methodology to colfect quantitiabte data. These studics attempt to control
conditions and manipulate variables in such a way that cause-and-effect
information directly applicable to human performance within an opera-
tional environment is obtained. Thus, the human engineer knows and
studies man in a systems context just as the design engineer knows and
studies cquipment. Together they use this knowledge to create a man-
machine system which combines the best of both.
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2.2 IMPORTANT HUMAN ENGINEERING REFERENCE DOCUMENTS
2.2.1 INSTRUCTIONS AND GUIDES

Over the past years, several instructions and general guides have been
issued covering the use and need for human engineering in Navy development
and procurement programs. (See 5.0 BIBLIOGRAPHY.) NAVMATINST
3900.9 is particularly significant for human engineering in Navy develop-
ment, T&E, and production programs and projects. This instruction pre-
sents official NAVMAT policy on human factors.

The official policy requires that the human element of Navy systems
shall undergo the same development, test, and evaluation steps as equipment
clements of the same system. This requires, in turn, integration of appropri-
ate human factors information into design and the use of such information
in all major management and/or technical decisions and documents. Asa
minimum, this will involve human factors inputs to project documentation,
proposal evaluations, contractual statements of work, engineering change
proposals, and T&E plans.

2.2.2 SPECIFICATIONS

Until 1968 cach branch of the military utilized its own independent
human engineering specification, which served as contractual requirements.
In February 1968 MIL-H-46855 was issued, superseding all other independent
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human engineering specifications and providing, therefore, a single triservice
human engineering specification.

This specification establishes and defines the general requirements
tor applying human enginecring principles and criteria to the development of
military systems, eqaipment, and facilities. Ttis to be used as a contractually
binding and controlling document on all ship system development programs.
It may be unnecessary to call out all sections of MIL-H-46855 on every proj-
ects however, it is the responsibility of each project manager, through his
human enginecering staft, to select those parts of the specification which
should be invoked as contractually binding requirements,

Information requirements to support personnel aspects of new ship
, and system programs are contained in MIL-P-28700 (NAVY), Personnel
: Planning Data for Naval Systems. Human engineering programs will ordi-
narily generate much of the information called for in this specification.

e
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2.2.3 STANDARDS

The one standard most widely used in ship system development pro-
granes is MIL-STD-1472, “Human Engineering Design Criteria For Military
Svstems, Equipment and Facilities.™ As the name implics. this stundard
provides specific human engineering design criteria for such thines as visual
and auditory displays. controls, labeting, anthropometry (body dimensions),
operating environment, workspace, and control panel layouts. MIL-STD-
1472 s 4 contractually binding document,

Although MIL-STD-1472 is the prime human engineering design
: stundard, others are commonly referenced for ship development programs.
These include NAVWEPS OD-18413A. “*Human Factors Design Standards
for the Fleet Ballistic Missile Weapon System,”™ and MIL-STD-470, “*Muain- :
tainability Program Requirements for Systems and Equipments.”™ The
decision to use standards supplementary to MIL-STD-1472 should be left !
to the Navv's human enginecring staff for cach particular project.

D

2.2.4 AUTHORIZED DATA LIST AND DATA ITEM
DESCRIPTIONS

The Navy Authorized Data List (NADL) is a listing of significant j
data submittal items approved for contractual application during system
acquisition. An NADL committee under the chairmanship of NAVORD
reviews, evaluates, and approves items for the NADL. Data ltem Descrip-
tions (DIDs) describe the data item to be furnished in terms of content,
instructions for preparation, format, and intended use. Specific DIDs ure
called out in contracts requiring data submittals as end products. NADL
DIDs pertinent to human engineering arce included as appendix E.
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2.2.5 REPORTS, MANUALS, AND BOOKS

Busides the previously listed instructions, specifications, and stand-
ards, there are a number of reports, manuals, and books which contain
human engineering design criteria. Frequently one or more of these items
are referenced in an REP, This is particulirly true of two books: “Human
Engineering Guide to Equipment Design™ and “Human Engincering Guide
for Equipment Designers.” Also. a popular design handbook is NAVSHIPS
94324, "Maintainability Design Criteria Handbook for Designers of Ship-
board Electronic Equipment.”

2.3 HUMAN ENGINEERING WITHIN THE PROJECT ORGANIZATION

N

3.0 ADMINISTRATIVE POSITION

To adequately meet the intent of the various hunman engineering
instructions and responsibilities, a responsible focal point for human engi-
neering witnin both the Navy's and contractor’s project office is required.

It is desirable that this focal point be an individual who reports directly to
the project manager. Both the Navy and the contractor(s) should provide

a human factors program manager who is a member of the project manager’s
immediate management statl. This places the human Tactors function at a
sutficiently high fevel administratively so that its recommendations can be
made on the basis of the total system as viewed by top management. This
is necessary if human engineering is to have an impact on design decisions
and to assure compatibility between operational performance objectives
and man-machine system design results. Further, human factors at this level
can serve across organizational or functional design groups within the sys-
tem development project with a minimum loss in communication or delay
in resolving system interface problems.

To lacilitate the exchange of human factors contacts between the
Navy and its contractor(s), it is highly recommended that group titles,
responsibilities, and positions within both Navy project manager and con-
tractor project structures be parallel. With this arrangement, there is no

doubt within cither group as to who is responsible for the human factors
effort.

2.3.2 HUMAN FACTORS PROGRAM MANAGER

The term “human factors™ has been used intentionally since it is
extremely desirable that all the subgroups within the human factors dis-
cipline (human engineering, personnel and training, and life support) be
represented by a single manager or branch (depending on size of project
office) within the project manager’s office. Because of the complex inter-
relationships between subgroups, a human factors branch or manager can
better integrate these subgroups, eliminate duplication, and cnsure positive
participation for the roles of cach in the systems development process.
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In certain kage project offices such as @ SHAPM (Ship Acquisition
Program Manager) where there is g need for accomplishnient of a signilicant
amount of human engineering during system development, the project oftice
should be able to justify permanent human engineer(s) within the staft ofTice
acting as the human factors program manager(s). These human factors man-
agers should also have responsibility for personnel/training and life support
tand they may even be required 1o represent otlier disciplines such as safety
and habitability, depending on specific organization and personnel limitations).

For smalter project offices, where there will be a need for a limited
amount of human engineering during systems development, it is still desirable
that a qualificd human engincer be part of the permanent in-house stalf. It
is recognized, however, that this may not be possible or cconomically feas-
tble with present manpower limitations and limited personnel ceilings. 1f
this be the case, the general engineer (or manager or speciatist in Integrated

1 Logistic Support (1LS)) representing certain related disciplines should also rJ
i be desigated with responsibility for human engineering. He should then
g seek proper training in human engineering so that he wilt know what it is,

why it is required, and when and how to invoke proper requirements in a
cost-effective manner, He should also seek advice of haman engineers Uin-
house or laboratories) or task them to assist him as necessary at any phase
of system development, especially for requirements determination.

In the case in which the project office is organtzed so that human
engineering responsibility is in one branch but personnel selection/training

and manning in another (for example, grouped under ILS), the responsibili- 3
bes wind daske pepadtt e sarve aitd shoakd be sceotpplishod oo delined Bore 1
in, but the coordination umong the different subgroups will be much more ;
difficult.

The human factors program manager will also have interrelation-
ships with ILS personnel. There are many potential ovetlaps and complex
interfaces between human engineering and the various ILS functions. A
concerted effort must be made to utilize inputs or data submissions from
the related disciplines so as 1o cutt costs and elficiently complete amalysts

and documentation tasks.
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2.4 'NTERFACE REQUIREMENTS

SN

241 INTRADISCIPLINE INTEEACTION

2.4.1.1 NAVY. Asnoted carlier, although the human enginecer is

primarily concerned with equipment design, he often is involved in life sup-
port and personnel functions. And, typically, the products generated by a
personnel-oriented group are often used by the human engineering group.
Thus, early manpower predictions, educational information for potential
operator/maintainers, and data covering trainability of crew members are
all used by the human engineer in ¢stablishing man-machine trade-offs. On
the other hand, results of the human engineer’s mission and task analyses.
wurk space arrdpporents. dind pane] layouls e used by persopnel god

| training specialists in establishing training requirements and by publications

i specialists in preparation of technical manuals.
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Fora detailed identification of information requirements for person-
netand training, sce MEL-B-28700 (NAVY), Personne) Planning Data for
Naval Systems. This specification establishes the requirements for Personnel
Planning Data (PPD) development during the analysis, design, development.,
test, and evaduation of military weapon and support systems (less Aviation
and Medical). The decision as to the applicability of this specification to
individual system development projects is the responsibility of the project
manager in consultation with NAVSHIPS 047C, the Personnel and Training
Analysis Office.*

Normally, environmental factors of concern in new ship system
development projects include such things as humidity. temperature, ventila-
tion, noise. and vibration control. The human engineer is generally well
qualilicd to assist design eagineers in these areas without direct BUMED
participation. In cases i which the life support requirements are new or
exotic (for example, o new submarine environmental system) or in which
the buman engineer’s work load prohibits his participation in this arca,
then the project manager should request BUMED support. In such cases,
the human engineer/life support interface activity is measurably increased.

2412 CONTRACTOR. Industrial firms which possess an in-house
human factors capability are organized in various ways. Generally, they will
have institutional human factors engineering or lite science organizations.
They will then have independent training and pubhceation groups. When
such firms take on a new project, they normally take personnel from these
groups and assign them to the new project. The typical approach is to
assign these specialists as tollows: (a) the human factors personnel are
assigned 10 a design group within the project {crew station design. clectronic
systems, reliability, ete). and (b) the training and publications personnel
are assigned 1o a product support group. In addition, they may assign life
support personnel tfor example, acromedical specialists) to a thermody-
namics group and other human engineering personnel to a systems analysis
group. With this separation of the various human factors functions. special
attention must be given to central coordination ol all elements of the total
human lactors program. It is therefore important that the Navy emphasize
to its contractor the importance of organizing his project so that human
factors personnel are integrated under a single manager, preferably a person
with human engineering training and experience.

24.1.3 NAVY-CONTRACTOR. The need for direct interface
requirements between Navy and contractor(s) human fuctors staffs would
seem 10 be evident. Yet, frequently one or both organizations bury their
groups within an organizational structure which prohibits such interaction
or reducus its effectiveness. Even so, if the guideline described in the previous
section concerning placement of human factors in the project organization is
followed, efficient interaction between the two human factors groups can occur.

*Until recently, the responsibility for determination of qualitative and quantitative
military personnel and training requirements to operite and maintamn ships and equip-
ment wus assigned to BUPERS. Effective 1 July 1973, this responsibility was transferred
to the Naval Ship Systems Command.




2.4.2 INTERDISCIPLINE INTERACTION

2.4.2.1 DESIGN ENGINEERING. Of the three subgroups compris-
ing the human factors discipline, human engineering requires the greatest
amount of direct interaction with the system desigh engineers. Past experi-
ence indicates that almost daily face-to-face contact between the two fune-
tions is required i the human engineer is to be effective in assisting system
hardware design. Thus, both Navy and contractor project management
must consider this in establishing human engincering manpower and cost
requirements as well as selecting the actual physical location of the human '
engineering staft,

2.4.2.2 OTHER. Inalmost all system development projects sep- .
arate groups are assigned the responsibility for incorporating reliability, 1
maintainability, safety, ete.. into the finished product. Although the human i
engineer is not directly responsible for these functions, he does contribute
to them, often on a continuous basis. Thercfore, access to these groups and
familiarity with their programs are required.
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3.0 SEQUENCE OF HUMAN ENGINEERING ACTIVITY

The formal terriinology and phasing of the system life cycle have
undergone changes in the past and are sure to do so in the future. However,
regardless of how the life cycle may be formally structured, there is a logical
progression ol human engineering activity beginning with requirements analy-
sis then moving on to man-machine concept development and analysis, detail
design, and design verification. This section of HE Guide is organized along
the lines of this logical progression rather than in terms of formal life cycle
phases since the latter are subject to change at any time.

3.1 REQUIREMENTS ANALYSIS
3.1.1 OVERVIEW

As a prerequisite to all other human engineering activity, the require-
ments for and constraints upon the proposed system must be clearly identi-
fied. The mission of the proposed system and the operational setting in
which it is conducted are examined, with particular emphasis on those fac-
tors invol ing man-machine performance. All relevant constraints (for
example, number and level of personnel, R&D and production cost of
operator consoles) and man-machine performance requirements (for exam-
ple, number of targets which must be processed per minute) are identified
and analyzed with respect to their impact on man-machine design, person-
nel development, facilities requirements, and life support.

The justification for developing any new Navy system is not to pro-
duce hardware bt rather to achieve some specific operational capability.
Further, no new capability is sought unless a well established requirement
exists for such a capability. Most properly, then, it is requirements which
are, and should be, the foundation for the development of any new Navy
system.

3.1

to

GENERAL OPERATIONAL REQUIREMENT (GOR)

3.1.2.1 OBJECTIVE. The objective of the GOR is to state the capa-
bilitics the Navy needs within a particular functional warfare or support arca.
There are four broad classes of GORs: Strike Warfare, ASW, Command Sup-
port, and Operational Support. Needless to say, cach of these classes deals
with requirements which ultimately require human factors participation.
One GOR in the Operational Support Category deserves special mention here.
This is GOR 43, “Personnel Logistics.” Human engineering is discussed in
two places in this GOR. These are excerpted below.

4. From an outline of functional arcas within personnel logistics:

Human Factors Engineering. This arca is primarily
concerned with the implementation of human operator con-
siderations in the development, operations, and maintenance
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of new and current organizations, weapons, and support sys-

tems. The human operator is defined in the broadest con-

text. to include system managers, assigned leaders, operators,
maintainers, and support personnel. The requiremend for suc-
cessful integration of people insists that qualitative and quanti-
tative elements of normally functioning human capabilitics. within
the constraints of people resource availability, be the focal points
around which organizations, weapons, and support svstems are
designed.

Objectives in this arca depend upon the establishment of
a theoretical and scientiric basis for understanding human per-
formance with respect (o sensory, pereeplual, motor, and cogni-
tive processes, in the context of operational naval systems. The
attainment of these objectives requires the development of
methodologices and techniques for translating human factors
criteria into systems design specitications, and lor assuring their
iniplementation during systems development.

b, From a discussion of capability goals:

Humun Factors Engineering. Human factors engineer-
ing is essential to the design, procurement, and operational
utilization of cquipment and systems in order that systems
management, ope tion, and maintenance can be effectively
and efficiently accemplished by available naval personnel.
Required capability goals are as follows.

. Theoretical and scientific bases for understanding
human performance and determining meaningful relationships
among human performance, cquipment characteristics. and
environmental conditions.

2. Techniques to quantify and extrapolate meaningful

relationships aumong natural and induced environmental fuctors,
personnel performance, and equipment system characteristics,

3. Optimum man-machine standards. specitications, and
trade-off analysis methodologies for application in systems plan-
ning. development, and procurement.

4. Techniques for greater extension and application of
human capabilities to anticipated demands of future weapons
systems.

The GOR 43 provisions on human engineering are, of course, aimed
at the development of the human engincering field itself and its successful
integration with other development disciplines. Other GORs which explicit-
ly or implicitly refer to human engineering do so in the sense of applying
human engineering at the current state of its development. For a more
detailed discussion on GORs, reference should be made to OPNAVINST
3910.9b.




3.1.2.0 HUMAN FACTORS RESPONSIBILITIES. There are no
direct human fuctors (life support, personnel, or human engineering) respon-
sibilities ussociated with GOR preparation. Being peneral statements ol
anticipated needs and operational requirements, the GORs are written in
operational terms by the user Nuvy, The requirements invariably have
human factors implications: therefore. those persons responsible for human
factors in the Navy must be aware of the GORs as they are prepared since
they may eventually be the basis for work assignments.

313 TENTATIVE SPECIFIC OPERATIONAL REQUIREMENT
(TSOR)

The TSOR 15 2 document prepared by the office of the Chiel of
Naval Operations (OPNAV) and addressed to the Chief of Naval Material
(CNM). Promulzation of a TSOR by CNO doves not establish a firm Navy
commitment nor does it authorize the commencement of a full develop-
ment program. 1t simply is the first step toward arriving at @ more detailed
definition of a needed capability identilied initially in the GOR.

3.1.3.0 OBJECTIVE. The objective of the TSOR is to tentatively
state. in increased amplification and detail. a needed capability which was
stated in general terms in the GOR. Inaddition, the TSOR identifies the
anticipated or existing military threat to which the added capability would
be directed, defines those performance and operational criteria which can
be specified at the time, indicates the time period in which the new capability
is needed, and, in as specific terms as possible, establishes procurement.
operating, and maintenance cost limitations. [t should be emphasized that
in meeting these objectives those responsible for preparing the TSOR should
state only the operational requirements and not attempt to make design
judgments as to how these requirements should be met. The basic guidance
document for TSOR preparation is OPNAVINST 3910.68.

3.1.3.2 HUMAN ENGINEERING RESPONSIBILITIES. Within
OPNAV (RDT&E), human factors personnel are responsible for making an
input to TSORs. Their responsibilities include:

a. Ensuring that stated requirements are not prematurely assigned
to cither hardware or human implementation.

b. Identifying those operational requirements which are likely to
pose serious human factors problems.

The first responsibility serves to keep later design options open (if
system developiment continues). In particular, decisions regarding alloca-
tion of system tfunctions to men and machines are not appropriate at tiis
stage. The second responsibility involves the anticipation and identification
of potential human engineering problems which are likely to appear during
system development.

Unlike the later phases of development in which specific human
engineering methods and techniques are available, no such “‘cookbook™
approach is appropriate at this point. Other than information available on

S At ot S ALV A B R S abeia. St A Aarl

YRR AR T B PR PR S




BTt Caiac Ak 4 7T ST I 3
TR Al

TRV ATV
S AT ¥ 7 AR
S e ;

the human engineering shortcomings of similar systems already in the fleet, .
there appears to be no substitute for on-the-job hum . engineering experi- ,,
ence inaccomplishing the responsibilities listed above.

Human engineering inputs to the TSOR should appear in the “Human

Compatibility” section. Included in this section, at a minimum, should be
the following:

4. A deseription of specific human engineering problems associated
with other systems tulfilling capabilities similir to those specified tn the new
TSOR.

b. Identification of particuluar human engineering problems which
should receive special attention in the next development phase docunient
{Proposed Technical Approach (PTA)).

¢ Adiscussion ol the probable human engineering involvement in r
R&D aimed at satisfying the requirements of the TSOR.

3.2 MAN-MACHINE CONCEPT DEVELOPMENT AND ANALYSIS

3.2.1 OVERVIEW ‘

Before any decisions can be made regarding design ol a system,
regardless of its size or complexity, it is necessary to establish a well-defindd
concept of what the system is to do and how. This is certainly true of the 1
human role in the proposed system. Thus, the human engineer or project
manager defines such factors as: who is going (0 use the system, under
what environmental operating conditions the system will be used. and what

i

the performance limits of the operator/maintainer are expected to be. Alter-

. v . 1 ~ . S e ¥

native man-machine concepts potentially capable of satisfying the known
requirements are identificd and formulated. The alternatives may differ with

respect to number and types ol personnel required, the degree of automation
cmployed, the type of work station to be utilized, ete.

Some man-machine analysis is required on every project. For larger
svstems this might include the full list included in MIL-H-46855, while for
smaller projects only one or two of the analytic techniques might be involved.
But detaited human engineering design cannot successfully take place witheut
some man-machine analysis as the supporting base. Each candidate concept
{including the manning concept) must be analyzed for feasibility . cost effec-
tiveness, and all signiticant trade-off factors. This analysis always includes
some means of Cexercising the system,” such as tracing through the sequence
of events involved at the man-machine stations for cach system mission. The
aim is to anticipate the level of performance which might be attained under
operationad conditions and to recognize potentiat problems such as informa-
tion queueing, rommission of serious errors, and catastrophic failures. The
analysis identifies the best cindidate(s) for design implementation and pro-
vides justification for the choice(s).

‘ Development and analysis are treated in the same section tecause
they are interactive processes and make use of the same tools  if in some-

what different ways. In development the tools are used to evolve realizable

solutions to known sets of requirements. In analysis the same tools may be
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used to examine the proposed solutions from many standpoints to see if
they really mecet all requirements. Thus, the human engineer must be pre-
pared to use the tools described in this section in both ways, in an iterative
fashion.

3.2.2 GENERAL HUMAN ENGINEERING RESPONSIBILITIES

Formulation of man-machine concepts must be concurrent with
formulation of system coneepts. During this formative period of system
development the human engineer has a number of important responsibili-
ties including:

a. Ensuring that human engineering inputs are incorporated in
system documentation.

b. Participation in allocation of system functions to man and
machine.

¢. Development of design concepts for cach operator/maintainer
work station to the point that it is reasonably assured such o work station
arrangement is feasible.

d. Ensuring that cach candidate system is feasible inall respects
from a human enginecring point of view,

¢. Identification of potential human engineering problem arcas
which may require attention,

f. Conduct and documentation of preliminary trade-oft analyses
pertaining to human engineering considerations.

g Preparation ol inputs to Requests for Proposals { REFPs) for
contracted work,

3.2.3 METHODS APPROPRIATE FOR CONCEPT DEVELOP-
MENT AND ANALYSIS

Over the years human engineers have developed a number of power-
ful tools and methods to aid in applicd human engineering work.,

Methods which are appropriate tor use in concept development and
analysis are discussed below. Also included are sample Tormats which are
suitable for use in project documentation.

3.2.3.1 FUNCTIONAL BLOCK DIAGRAMMING. Block diagram-

ming is perhaps the most familiar means of showing basic system organiza-

tion and function, 1t should be noted. though, that much of what purports
'. to be “functional™ block diagramming is really equipment block diagram-
i ming, as is readily evidenced by the appearince of blocks libeled “display
console,™ “data entry panel,” “tape recorder.” “drum storage.” ete. Fune-
tional blocks are concerned with what is done rather than the specific reali-
zation of a means to do it. Functional block diagrams should not be allowed
to evolve into equipment block diagrams prematurely. As an example,
“detection™ is functional terminology @ “detector’s console™ is not. and
already assumes an allocation of function to man and machine. Since




allocation of Tunctions should always follow development of the initial
system coneept, it s essential to avoid equipment representation and its
miplication that function allocation has already been completed. A premature
man/machine allocation may overlook the possibility that o man may per-
forny a given task with greater cost effectiveness than a machine. However,
as the various trade-offs are considered, the original block diagrams may he t
refined for cuach of the alternatives under consideration. The succeeding .
block diagrams will make tentative assignments ol hardware, soltware and '
personnel. This is proper but only after some initial analysis of man and
machine capabilities.

Some of the esseatial features of Tunctional block diagramming are
ilustrated in figare 3.1, Note that:

a0 Anexpandmg series of diagrams gives successively more detailed
intormation on cach functional block. This detail may be carried to as many
fevels as appropriate.

b. Fusictions are numbered in a manner which preserves continuity
of Tunction and logical breakout from function origin.

¢. The top-level diagram should show the system development
process itsell as well as the operational tunction of the system being devel- -
oped. Inother words, the system being developed is within a larger system i
which is the system for accomplishing the development

¢ Branching can and should be shewn as indicated in the top-level
dingram. Once the particular system in the example goes operational, it is
cither in combat information service or in a maintenance state, both of
which need additional breakout with finer-level diagrams. The introduction -
of branching in functional block diagramming provides great flexibility and
facilitates the transition to information tlow charting.

¢. The diagram should be organized so that one can casily find the 3
input and follow the tlow through the function blocks to the resulting #
output.

f. It is good practice to limit the physical size of diagrams which
will be included in manuals and similar documentation. One double fold-
out (about 11 x 25 inches) is the maximum for convenience in handling.
By meuans of nesting and splitting techniques, complex diagrams can usuzlly
be handled in sheets of this size.

Figure 3.2 is a more detailed (but incomplete) block diagram of func- o
tion block 5.0 from figure 3.1 for a hypothetical combat information sys- g
tem. Note that this diagram, as may sometimes be desired, is of mixed -

fevels (second and third). Note also that except for the associated systems
there is not yet any implication of man-machine function allocation. 4

3.2.3.2 INFORMATION FLOW CHARTS. Information flow chart- ‘o
ing is a technique used to show the flow of information, in terms of opera-
tions and decistons, required to accomplish the functions identified in the
block diagram. Like block diagramming, information flow charting may be
used at various levels of detail. The initial information flow charts should
be concerned with gross functions without regard to whether functions are
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d sub-
flect this allo-
anching which are represented.
towever, these charts would ordinarily be prepared at a

performed by machime or by man. Information flow cliarts prepare
sequently to tentative man-machime function allocation will re
cation in the decistons, operations. and br
At the PTA stape. |

detailed level only tor the more critical man-machine

functions.

i 0 3.0
> > TESTING
DEVELOPMENT PROCUREMENT AND
ACCE PTANCE .
.0
COMBAT
) > INFORMATION
SERVICE
40
INSTALLATION
AND OR
CHECKOUT
6.0
MAINTENANGE
5.1 5.4
5.2 o TEaes
DETECTION APON
g E THREAT BT GNMENT
AND IDENTIFICATION ASSESSMENT
TRACKING AND CONTROL
[
5141 5.1.2 5.1.3 Sl
TENTATIVE COURSE AND
L TRACK — POSITI L »
el CONFIRAMCA'\(TION ur(’)DSLTTI?\:’\é SPEED
DESIGNATION COMPUTATION

Figure 3.1. Levels of functional block diagramming.
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In that it records the sequence of operations and decisions which
must be performed to satisty a definite system function, the infornition
flow chart is similar to the flow chart used by computer programymers. Both
charts are based on binary choice decisions and intervening operations. That
most decisions can be reduced to a binary situation is evidenced by the vast
array of problems which ¢ca  be computerized via simple binary togic. There
are (wo important reasons tor using binary decision logic as standard in all
information flow charting:

a. To expedite comnunication through use of simple yet universally
applicable conventions.

b. To provide Tor casy translation of information {Tow charts into
logic flow charts for computerized sections of the system.

Like block diagramming. information flow charting can be used at
various fevels of specificity. A decision at a general level may split into
several decisions at a more detailed tevel. for example:

General level: Any targets need identification
processing”
More specilic Tevel: o Any newly entered targets need ID
processing”?

e Any targel tracks need confirma-
tion of tentative 11)?
e Any confirmed 1Ds need rechecking?
Lach of these more detailed decisions may have associated with it one or
more detailed operations.

Similarly, an operation at a general level may break down into more
detailed decisions and operations. In the following example, human functions
are represented by asingle symbol and machine functions by two concentric
symbols:

General fevel: QO Call up track
O Enter track dignts
O Press TN call-up button
© Load track data in buffers
© Display track data
¢ TN readout correct?

O Proceed with operation

More specific levels:

It is not necessary that the flow chart be prepared to a uniform level
of specificity. For many situations it may be entirely appropriite to treat
certain parts of a process in only a general sense and focus in on other more
critical aspects by going into greater detail. The analyst must keep his pur-
poses in mind and peg the level of detail accordingly. Usually those paris of
a low chart which initiatly are presented in only general terms are broken
down into greater detail as the development progresses.
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Figure 3.3 is an information flow chart for gross-level detection and
tracking functions. Note that at this level the chart is applicable to virtually
any detection and tracking system  the decisions and operations are com-
mon to all such systems. Even here, however, tie power of the flow chart
is apparent because it makes one begin to think of implementation alterni-
tives, such as:

a. By what means can any given signal set be compared with known
targets in'the system?

b. How can probable targets be marked so their reappearance can
be readily recognized?

The intormation flow chart shown in figure 3.4 diagrams the tracking
function at a finer level of detail (for a hypothetical system). [n this figure
cach machine decision or operation is represented by two coneentric sym-
bols to ditferentiate it from a human function.

Note that the recommended format for these charts utilizes o narrow
column at the left of the page for the chart proper consisting only of sym-
bols and connecting lines and a wide column for textual statements keved
line-by-line with the respective flow chart symbols. (As previously noted
double foldout €117 % 25"y is suggested as maximum physical size ot indi-
vidual sheets to be included in documents.)

Note also that How paths are complete: every path cither recireulates
or eventually terminates ina valid exit, and no ends are left dangling. This
fact iy extremely important and is what makes the information flow chart
such a powertul tool, The flow chart technigue imposes a discipline upon
the analyst, requiring him to consider alternatives which might casily be
overlooked. This results in a thoroughness and Jogical closure which could
never be attained by conventional block diagramming techniques or by
narrative descriptions. The information flow chart may be the first tool to
reveal serious shortcomings in system thinking or to indicate that informa-
tion flow is much more complex than originatly believed. For these reasons
it s considered an indispensable tool to the system designer and the human
engineer.

3.2.3.3 MAN-MACHINE ALLOCATION TRADLE-OFIF STUDILS.
With the completion of the block and gross information flow diagrams, it
is appropriate to perform preliminary studies of man-machine allocations
for cach of the alternate designs being considered.

Working in conjunction with the project’s svstem engineers and
using the block and information flow diagrams, plus their past experience
with simifar systems, the human engineers should make a preliminary alloca-
tion ot the actions. decisions. andjor functions shown in the charts to men
and/or machines. Thus, the block diagrams and information flow charts
(especially the lattery become very importaat. The assignment of the fune-
tions, actions. and/or decisions to man and/or machine must be based upon:
{a) the known capabilities and limitations of the human being (see appen-
dix A), (b) the state of the art of hardware and software. and (¢) estimated
performance 1o be required in terms of speed. accuracy ., and load. The
need for a cooperative effort between the system and human engineers at




e Rt ity o e . el bl & _oiibsesecinii Aol i A

START

MONITOR INCOMING SIGNALS FROM SURVEILLANCE SYSTEM

COMPARE SIGNALS WITH PREVIOUS TARGET LIST

ANY NEW PROBABLE TARGETS?

ENTER TENTATIVELY INTO SYSTEM MEMORY

DOES PROBABLE TARGET REAPPEAR?

DROP TENTATIVE FROM SYSTEM MEMORY

CONFIRM AS TARGET IN SYSTEM MEMORY

GENERATE INITIAL COURSE AND SPEED FROM ELAPSED TIME
AND DISPLACEMENT

UPDATE ALL TARGET POSITIONS A5 NECESSARY FOR TRACKING

ANY TARGET SIGNALS DISAPPEAR FOR CRITICAL TIME?

DROP TARGET FROM SVYSTEM MFRORY

Figure 3.3. Gross information {Tow chart for detection and tracking
(no man-machine function allocation assumed).
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START

ANY TARGET TRACKS IN SYSTEM?

PRESS SEQ BUTTON

PUT NEXT TARGET IN TRACK LIST UNDER CLOSE CONTROI.

ADVANCE HOOK ON CRT TO COORDINATES FOR TRACK UNDER CLOSE CONTROL

ISTARGET VIDEQ PRESENT?
DOES HOOK LINE uP WITH PRESENT TARGET POSITION?

ENABLE TRACK BALL AND REPOSITION IT TO MOVE HOOK OVER TARGET
PRESS POS. CORR. BUTTON

ADD LATEST POSITION DATA TOGETHER WITH TIME TO MEMORY, COMPUTE
AND STORE COURSE AND SPEED. PERIODICALLY UPDATE TARGET POSITION

ANY TARGET FAIL TO BE UPDATED WITHIN CRITICAL TIME?
DISPLAY “"RECOMMENDED DROP TRACK" ALERT

DROP ALERTED TRACK?

HOOK AND PRESS DROP TRACK BUTTON

DELETE TRACK FROM MEMORY

HUMAN OPERATION © MACHINE OPERATION

HUMAN DECISION @ MACHINE DECISION

Figure 3.4, Information flow chart (hypotheticul fragment of
flow for tracking function).
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this point cannot be overemphasized, for cach must contribute to make the
allocations meaningful,

At the conclusion of this preliminary effort, a tentative assignnient
to man and/or machine for each function, action, or decision on the block ,-
and information flow charts should be made. Thus, it is at this point in the "'"'
system development cyvele that consideration is first given to identifying ‘53"'_"'
specific equipment, software, and personnel contributions required te make
the system work. Man-machine allocation trade-off studies must be per-
formed for cach alternative being considered. Like the tflow charts, the
man-machine allocation studies will be continually reworked and updated
as the system continues through the development cyele. Thus, the altoca- ‘
tion studies should be retained for future use. :

When alternative coneepts may involve different manning levels, tife
cvele personnel costs should be considered in trade-off studies. Appropriate
figures to use in estimating personnel costs may be obtained from BUPERS
in references such as NAVPERS 15163, "Navy Military Manpower Billet
Cost Data for Life Cyele Planning Purposes,” and NAVPERS 18660, ‘
“Annual Training Time and Costs for Navy Ratings and NEC's.” k.

Before system coneepts are finalized. iterations of the man-machine
allocation studies should have: {ay identified plausible candidates for imple-
mentation thuman pattern recognition, computer algorithm, or hardware
function): (b) identified criteria for allocation (response time. error rate -
or probability. cost): (¢) analyzed duta related to these eriteria: (d) prepared i
a comparison mattin which exhibits all candidates vs the selected criteria
(entries in the matrix are the estimated absolute performance or rank for
cach candidite on cach of the eriterion measures): (e) selected and justified
the altocation.

3.2.3.4 PRELIMINARY MAN-MACHINE ANALYSIS. In stimplified e
terms, man-machine analysis refers to critical examination of the man-machine 4
interfuces involved in operating, maintaining, and using system equipment
under conditions approximating those of operational employment in order

to identify all potential man-machine problems. Obviously., such analyses
could not be completed for every man-machine combination existing in a par-
ticular system, especially if the system is large (for example. a ship). Buta
prefiminary analysis of seiccted man-machine interactions is appropriate in
order to identify which problems should receive greater attention as system
development progresses. As an example, these analyses might uncovera
huiman operator performing a complex mental task during combat, an equip-
ment function which required critical, but infrequent, human operation, or

a decision requiring a large volume of input data in various forms. Since

the charts and allocation studies are at a gross level, the man-machine analy-
sis must also be performed at a gross level. But this is the time 1o begin pin-
pointing potential man-machine interaction problems.

Results of these man-machine analyses should be included in the
project documentation. Each unalysis should be covered by a short write-
up desceribing why the particular man-machine combination may pose design
problems and offering suggested sotutions if available, Sketches. piciures.
references, or any other aid which would help to support the design con-
cern should be included.
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3.2.3 5 PRELIMINARY HAZARDS ANALYSIS. Forcach of the
design alternatives, a gross hazards analysis should be performed and the
results included in project documentation. I the project team contains
aspecifiv safety engineering slot, then the human engineer should act in an
assistant capacity. Usually, however, this is not the case. so e human
engineer is responsible for identilying potential salety hazards at this carly
stage.

The requirements for system satety programs are spelled out in
MIL-STD-882, " Requiretents for System Satety Program Tor Systems and
Associated Subsystems and Equipments.”™ Other important references
include NAVSHIPSINST 5200.17, “Promulgation of Shipborne System/
Equipment Acquisition Manual,”” Appendix 26, “Salety™ AFSC DHI-0.
“System Salety Handbook™: NBS H30. “Nitional Electrical Safety Code™:
and DoD Directive 1000.3, **Accident Prevention ard Safety Policy for the
Department of Defense.”

In performing a hazards analysis the human engineer reviews his
own materizl developed to this point (block diagrams, low charts. alloca-

tions. cte.) and talks with system engineers about proposed design concepts.,

Then, keeping in mind the general areas of safety hazards and the experi-
ence of safety problems in other systems, he identifies potential safety
hazards associated with the design alternatives being considered. The pri-
mary hazard considerations which should be documented include the
following:

a. Noise

b. Shock and vibration

(e}

. Extreme temperature

—~
=

. Atmospheric contamination

. Toxic substances

(3

" Electrical shock

Mechanical hazards (moving parts, etc.)

= =

1. Electromagnetic and nuclear radiation
i. Explosion/fire

i. Pressure and/or decompression

3.2.3.0 PRELIMINARY OPERABILITY/MAINTAINABILITY
ANALYSIS. The objective of preliminary operability/maintainability
analysis is to make an initial assessment of the impact of human perform-
ance on the operation of the overall system for cach design alternative
being considered. Specifically, the human engincering analyst should
address the following:

a. To what extent is system performance a function of the human
operator/maintainer?

b. Which human functions are particularly critical 10 meeting the
mission requirements?
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¢. What is the acceptable range of performance for these functions?

d. What areas should be catled out tor future study eftort to ensure
aceeplable performance?

The analysis must include both system operation ané maintenance functions.

It is very important to assess the human coniribution to system per-
formance since. for most shiphoard systems, machine executions are per-
formed very rapidly with very low errvor rates and litte variability. Thus,
the bulk of system response time, error, and variability will reside in hunian
functions. The necessity to establish realistic human operability goals fol-
lows immediately from these considerations.

a. Operability. We recommend approach to making preliminary
operability assessment of u proposed operator station is as follows:

(1) Define the design woal in terms of quantity and quality of
information throughput for that station under design toad. (Typically. this
is done for the SOR or later requirement formulations.) For example:

o “The detection operator must have a detection prob-
ability of at least 0.85 against a beam target at 10 000 yards: detection

time must be less than 73 seconds with false-alarm probability not to
exceed 0,107

® “Operitor at station X must process incoming messages
at an average rate of 15 per hour (£3) with crror rate not to exceed 0.05.7

(2)  Muke a rough prediction of the quantity and quality ol infor-
mation flow (throughput) which might be expected of the typical operator
under design load.

£3) Compare the predicted throughput with the performance
goal. I the predicted quantity and quality of throughput both are equal to
or better than the goal, operabitity may be considered 1o be satistactory . it
cither quantity or quality is deficient, operability is unsatisfiactory, and the
design concept should be altered as necessary to attain the operability goal.
b. Maintainability. The recommended approach to preliminary
maintainability paralicls that {or operability.

(1) Define the design goal. Maintainability goals are established
by analysis of the system maintainability concepts and gross man-machine
allocations. The current trend in clectronic system design is toward
increased automation of the maintenance functions of fault detection. diag-
nosis, isolation, and repair so that on the surface it might appear that human
engineering would play a lesser role in the design of these systems in com-
parison to conventional (predominantiy manual) maintenance systems.
However, this is not necessarily and perhaps not generally the case. Deci-
stons relative to automating maintenance functions will require more rather
than less consideration of man and equipment capabilities/limitations, since
it is a basic shift of maintainer responsibility, not an elimination of respon-
sibility. Also, “automatic™ systems are usually in fact semiautomatic: that is.
some form of human participation is required. For example, programs must
be loaded into the machine, controls operated, and displays monitored. read.
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and interpreted. Finally, some maintenance functions cannot be automated
cconomically: for example, removal, replacement, and repair of faulty
modules.

(2)  Make a rough prediction of the tasks and performance times
for probable kinds of system malfunctions. Maintenance information flow
charts are useful points of departure. Where operations and decisions have
been assigned to machine execution, estimates for these processes must be
supplicd by the hardware/software specialists. These estinates are then sub-
tracted from the stated system requirements for mean-time-to-repair to
vield repair-time goals for the human maintainers.

(3) Comvare the predicted performance with the god 1. If pre-
dicted performance falls short of the goal, maintainability features of the
design coneept should be improved as necessary to attain goal performance.

3.2.3.7 MAN-MACHINE FLOW CHARTING. The purpose of man-
machine flow charting is to aid in developing and evaluating concepts for
cach operator station.

The man-machine flow chart is concerned basically with the man-
machine subsystem or operator station, It is similar in concept to the infor-

mation flow chart (sce fig. 3.3), but the decisions and operations with which i
it deals are confined to the man and the hardware and equipment closely 3
associated with him rather than being representative of the system as a whole. ,

A separate man-machine flow chart is required for cach manned
station, as determined by the function allocation process. Figure 3.5 shows y

a sample man-machine flow chart for a hypothetical operation station  in
this case, d tracker operating a computer-aided tracking console. 1
In preparing such a chart the human engincer should ensure that:

all logical possibilitics are included, all loops are completed or terminated ,
in a valid exit, and all operations are performable by the operator. He must 4
then develop answers to questions of the following kind: () how will cach

operator decision be made? (b) what are the criteria to be used for decision

making? (¢) what information requirements must be met to provide a basis ;
for decision making? Answers to such questions provide the working mate- 3
rial for the next step, preparation of the operator stiation input-ourput i
chart, which further defines and refines the operator station concept.

3.2.3.8 INPUT-QUTPUT CHARTING. The input-output chart
(fig. 3.6) begins simply as the man-machine flow chart stripped of all symbol-
connecting lines. Then inputs and outputs arc added. Note that every oper-
ation has assceinled with it at least one cutput {ur else why perform the
operation in the first place?). Every decision has at least one new input (or
clse why is a decision necessary?). All inputs and outputs are indicated
O oW G TR Clutr anbtl ame s anariies) i g Lahuilas liting I {he dr Jul-
output flow chart has been properly done, it will summarize all significant
information categories which must be processed at the operator station.

:
&
/

3.2.3.9 OPERATIONAL SEQUENCE DIAGRAMS (OSDs). The
OSD is a comprehensive means of showing major system functions and
their interactions in sequential time. Together with the information flow




START

ANY TARGET TRACKS IN SYSTEM?

PRESS SEQ BUTTON

ADVANCE HOOK TO NEXT TRACK ON PPI TO BE UPDATED 1

IS TARGET VIDEQ PRESENT?
DOES HOOK LINE UP WITH PRESENT TARGET POSITION? ’
ENABLE TRACK BALL AND REPOSITION IT TO MOVE HOOK OVER TARGET
PRESS POS. CORR. BUTTON

ANY "RECOMMEND DROP TRACK' ALERT?

DROP ALERTED TRACK?

HOOK AND PRESS DROP TRACK

DELETE TRACK FROM CRT

£

8 Figure 3.5. Man-machine flow chart.
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START

ANY TARGET TRACKS IN SYSTEM?

PRESS SEQ BUTTON

ADVANCE HOOK TO NEXT TRACK ON PPi TO BE UPDATED

ISTARGET VIDEO PRESENT?

Ladd.

DOES HOOK LINE UP WITH PRESENT TARGET POSITION?

m
-n

ENABLE TRACK BALL AND REPOSITION IT TO MOVE HOOK OVER TARGET

PRESS POS. CORR. BUTTON

ANY "RECOMMEND DROP TRACK" ALERT?

DROP ALERTED TRACK?

o

HOOK AND PRESS DROP TRACK

e g o

DELETE TRACK FROM CRT

i
INPUTS/QUTPUTS

—_— !
. MARKERS ON CRT ‘
- ORDER TO COMPUTER TO ADVANCE 1 STEP IN TRACK LIST i
. VIDEO DISPLAY ]
. HOOK ;
- TRACK BALL ENABLE SIGNAL
- ¥ AND Y FOR HOOK
. TARGET XY
. AUDITORY ALERT
SPECIAL MARKER ON CRT TRACK
IDENTIFY, THREAT, ENGAGEMENT STATUS
. DROP TRACK ORDER

o - I o ;
A
xf—f_IOT‘mU(')UJ)

Figure 3.6. Sample input-output chart.
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charts and man-machine and input-output flow charts developed previously,
it eftectively completes the base upon which detailed human engineering
requirements tor information, control, and display will be evolved.

The OSD (fig. 3.7) uses a separate column for cach operator, equip-
ment station, or equipment unit to be analyzed. Each column shows the
operations, decisions, delays, transmissions, and receipts pertinent to that
particular system element. Because the OSD cannot conveniently accom-
modate extensive branching. separate OSDs must usually be prepared for
cach mode of operation, type of threat, level of manning, casualty condition,
ete., which may be ol interest.

One of the main virtues of the OSD is that all major information
flow between system clements, as well as within system elements, is repre-
sented. This view of the system concept may expose difficulties. omissions.
or incompatibilities which would not otherwise be detected. Revision of
the man-machine concept is then in order. In any case, wher selectively
applied. the OSD is a powertui tool for identifying and soltving interface
problems and for laying the groundwork for developing human engineering
design details.

It should be noted that the OSD and the information flow chart are
two quite different kinds of system representation. The OSD emphasizes
the main activities associated with cach major station and the interfaces
between stations. The information fTow chart, on the other hand, empha-
sizes the network of decisions and operations pretty much irrespective of
where they occur. The OSD is particularly valuable for detecting conditions
of overfoad and underload as well as interface problems, whereas the infor-
mation flow chart checks on the logical consistency of the system concept.
Together they provide a firm base for evolving detailed human engineering
requircments.

T

3.2.3.10 OPERATOR FUNCTIONAL REQUIREMENTS WORK-
SHEET. To help define functional requirements at operator/maintainer
positions before progressing to detail design, the contractor may also pre-
pare a functional requirements worksheet for each major task. This is par-
ticularly needed when the function involves a potentially heavy workload,
unusual environmental stress protection, and/or unusual physical or cogni-
tive demands (accurate manipulations, lifting heavy loads. making critical
decisions, ete.). An example of such a worksheet is shown in exhibit 3.1,

3.2.3.11 TIME-LINE ANALYSIS. As part of the expansion of the
man-machine analysis, the contractor will also ordinarily prepare a time-
line analysis, at least for critical operator/maintainer positions. Time-line
analysis is a descriptive chart which provides a graphic picture of an individ-
ual’s workload by plotting his task involvement against a time-line base (sce
figure 3.85. Althotgh the timedine analysis dopicts individual activity, its
greatest effectiveness is realized when several operator/maintainer positions
are plotted together on the same graph (as shown in figure 3.8). This way
unbalanced work!nad distributions among the listed individuals are readily
apparent. As noted in the example, Operator A appears to bear the brunt
of the task loading, therefore requiring some relief, cither through automation
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7. Sample operational sequence diagram: two-station mtercom,
with station | acting as originator,
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EXHIBIT 3.1 PRELIMINARY OPERATOR FUNCTIONAL
REQUIREMENTS WORKSHEET.

Function 4.1.2

Load xx projectile in PRELIMINARY OPFRATOR FUNCTIONAL
x-1 breech block REQUIREMENTS WORKSHEFT

SYSTEM/OP CONSTRAINTS: LOADING RATE = 2/MIN. SEA STATI 4

TASK DESCRIPTION: Monitor ammunition shal't delivery signal, open door.
position projectile carriage. transfer projectile to carriage. move loaded car-
riage to toadmg position, open gun breech, transfer projectile to breech,
check position, adjust fuse. close breech, notity fire control officer “ready.™

PHYSIOLOGICAL CONSIDERATIONS: Maximum fift capability for one
man i 60 pounds: higher weghts require special sling or method for direct
roll-transfer of projectile.

PSYCHOLOGICATL CONSIDERATTONS: Visual codes Tor identification
and special calibration markings must be Tegible as wellas visible under battic
(red) lighting environment.

SAFETY CONSIDERATIONS: Automatic door closure on amimunition
delivery sy sten and possible effects of ship roll require special indoctrina-
tion and drilt to prevent accidents te.g., closure of door on personned) or
loss of control of projectiie.

or reatlocation of tasks to the other operators. To perform a time-line analy-
sis, the human engineer may need to enlist the help of persons familiar with
sintilar functions in order (o obtain a consensus of the time it takes to per-
form cach given function. A more complete discussion of the time-line
chart is presented in appendix B.

3.2.3.12 LINK ANALYSIS. This analytic tool is often used as a first
step in developing an optimized panel, work station, or work area lavout. Its
purpose is to make a first estimate of the frequency with which various inter-
actions oceur between men and equipment and/or between man and man.
The analyst first starts with the man and equipment interactions (links)
established during the functional analysis. OSDs, and initiad list of control-
display interfaces. To this is added the man-man links which take the form
of direct (voice) or indirect (radio, telephone, ete.) verbal conversations.
walking from one place to another, ete. 11 the link analvsis is being per-
formed on a particular panel layout. there may be little of the man-man
links involved. It the link analysis is performed on a CIC room, however.
the man-man interactions will be extensive.
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INITIAL

OPERATOR/
FUNCTION

Beginning with a particular design (panel layout, room arrangement,
cted all the interactions (links) required to perform a particular task are
examined caretully in terms of the frequency with which they oceur and the
importance they hold in completing the task. The importance and frequency
factors are assigned some value Cusually on a seale of 3) primarily based on
the analysts previous experience or talks with similar system operators.
When the frequeney value is multiplicd by the importance value, a “load™
o “Iink ™ value is obtained. The panel, work arca, ete., along with the links
(with their load values) are drawn oul on paper permitting a visual picture
of all the interactions taking place with the system under investigation. The
systemy design is then altered and the process repeated. In this way the
design containing the fewest interactions, lowest link loads, and snvallesl
operator work loads can be tentatively established. A briel description and
accompanying example of the Hink analysis procedure is provided in appen-
din .
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Figure 3.8. Typical time-line chart (relative effor( vs time).
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3.3 MAN-MACHINE DESIGN

331 OVERVIEW

The human engineer makes his most direct impact on system develop-
ment through recommendations on detail design. e provides specific design
guidatniee ina timely fashion to engineering groups concerned with software,
hardware, and environmental design as these interface with the operator/
muaintainer. The design guidance generally includes such doings as recom-
mended panel layvout and arrangement, console form factor, and workspace
arrangement and environmental controls. Equipment operating procedures.
operational sequence diagrams, task analyses, ete, are provided the activity
responsible Tor manpower development.

Usually, human engineering detail design is carried out by the develop-
ment contractor. Navy human engineering personnel may be involved to the
extent of monitoring the contractor’s effort and ensuring compiiance with
applicable specifications and standards. In some situations, particularly
one-of-a-kind developments. Navy human engineering personnel may have
the responsibility for providing detail design guidance on human engineering
aspects of the development. This seetion does not attempt to differentiate
between functions performed by Navy in-house personnel and those per-
formed by contractors: however, speeific guidance with respect (o contract
monitoring is provided in section 4.

As pointed out cartier, to be effective human engineering must be
introduced carly in the system development cycle and carried through test
and evaluation phases. The ti v when enginecring designs are being finalized
is particularly criticai. however, because all the prior human engineering
studies and analyses are wasted if the final drawings include major human
engineering deficiencies. Unfortunately., it is sometimes lett up to the equip-
ment designer to decide when human engineering assistance is needed. The
result can be that deficiencies are not cavght until it is too late to do any-
tiring about them. Human engineers must begin working with the designers
before they begin to make drawings. The human engineer and designer

should come to an understanding about the design before the designer
becomes ego-involved in his creation. 1t is extremely crucial at this point
for the human engineer to establish the impression that he is there to help
rather than hinder. 1 is also important to clarify the level to which human
engineering drawing review is carricd. 1t is generally safe to say that all top-
fevel drawings should be reviewed and approved by the human engineering
group. On the other hand, it is extremely wasteful to ask human engineers

to review and approve every component drawing (small brackets, bolt and
screw descriptions, ete.).

3.3.2 PRERLEQUISITES TO DETAIL DESIGN
It is essential before proceeding with human engineering detail design

that prior activities be properly performed and documented, although this
need not be performed by the same group. Specifically, man-machine

requirements must have been analyzed, and man-machine concepts developed.
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I tHorts on detail design should begin with a review ol prior hunun engineer-
4 ing work. Farlier nuin-machine analyses should be expanded as necessary to
provide i solid basts Tor proceeding with detail design.

£ e : , e .
1 3320 CONTROL-DISPEAY DEFINITION. Hunvin engineers
‘{: should take a primary role in defining control-display requirements,
i Operator/maintainer functions should be examined und preliminary esti-

nrates made as 1o the numbers of displays required. including their types
tshape. qualitative vs quantitative. etey and the basic display perfornunce

£ requirerients (phosphor brightness. persistence. ete). Normally a prelini-
nary list of required displaysas ereated jointly by human engineers and
equipment engineers, Toaid the equipment designer. human eagineers
should determine whether information should be display ed auraily. visually .

¢ or Lactuadly and should specity certain critical features such as the format

v ol visual signals and coding technigques. Criteria for these decisions may be
found in several of the standard human engineering guides. The amounts and
types ol information to be displaved and controlled must be determined for
the entire range of operational situations in which the system is (o be used.

A The human engineer should then refine the control-display concepts das neces-
: sary 1o be sure the proposed man-machine configuration can handle the re-

] grired information within the applicable time and accuracy constraints. Ttis
essential at this point that the human engineer be in close contact with the re-
sponsible design engineers and that they cooperatively work out design details
which are satistactory from both the technical and human engineering standpoint.

3.3.3 SCOPE OF DETAIL DESIGN EFFORT

T

The following areas typically are covered in development of huniin
engineering detail design:

1 4. Sclection and/or design of individual controls, displays. tools and
operator aids.

b. Configuration and layout of consoles. equipment racks, and control
panels, (Link analysis techniques as described in appendix C may be help-
ful in working out the details of panel and workspace arrangements.)

¢. Maintenance acceessibility, including openings and doors or covers.
arrangement of components, selection of fasteners and connector hardware,
' and test point locations and identification.

d. Arrangement of equipment and personnel within compartments.

3 ¢. Hluminuation of display-control pancls and compartment arcas.
£ f. Packaging of portable cquipment in terms of compatibility with p
3 human limitations for handling and carrying.
g. Workspace habitability and safety, including specification of
E: temperature, humidity, ventilation, ilumination, and noise limits for the
work area, f

h. Life support requirements and implications for special protective
3 garments and their effect on equipment interface design.

: ;’
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5
; i. Special auxiliary support requirements including scats, test equip- i
J ment, tools, cranes, forklifts, and clevators. b

J. Special surface finishes (workspace and consoles), color selection,
treatment of optical surfaces, cte.

K. Design and location of hatches, windows, stairs, ladders, cte.,

] especially witin reference to emergency egress. ‘.

4 o

é Different types of systems will demand more emphasis on certain of

4 the above human engineering considerations than others. Within the time

. and budgzet constraints of a particular program, prioritics may have to be S

/ estublished for the contractor. The project manager should depend upon his
human factors program manager to help establish these priorities so that the b

study results provide maximum design decision information in the areas
which are most critical. The key human factors criteria for defining such

priorities in order of importance are: (1) personnel safety, (2) operator/ 2
] maintainer performance efficiency. and (3) personnel comfort. 1
‘ g
; 3.3.4 THE SYSTEM HUMAN ENGINEFRING SPECIFICATION :r
; 1
Larly in the prototype development program (usually during pre- a

design) a projectspecific specification document of human engineering

design criteria should be prepared. Comprised of pertinent data extracted 1

from various human engineering specitications. standards, and other material,

this document will eliminate the need for equipment designers to pore over 4

unrelated specifications themselves to find the data they need. The specifi-

cation should be tailored to the design effort: that is, it should be organized 3

according to major design problems or end items. For example, if consoles

are to be designed, the document should be organized so that all the infor- 4

mation necessary to complete the console design is included under that j

heading. It is a common fault of many such documents that they are vrga-

nized under headings familiar to the psychologist  for example, visual
problems, anthropometric considerations, and environmental requirements
and are thus of limited use to equipment designers.

The human engineering specification should include a summary
chuecklist which can be used as a prompter Tor the equipment designer and
for the human engineer when checking the designer’s final product design.
The summary checklist should be given to cach equipment designer at the
star{ of the prototype program, since it is very important that the designer
know ahead of time what the human engineer will be looking for when he
reviews final drawings. A typical summary checklist is shown in exhibit
3.2, In the sample checklist all that is requested of the evaluator is a check-
mark to indicate that the design appears to be satisfactory (S) for the item
in question, the design is controversial (C) and requires additional investi-
gation before approval will be given, or the devign is considered to be
unsatisfactory (U) and must be changed before upproval can be given. In
the case of a (C) or (U) the human engineer should go directly to the
fostisisihle desipnet aml divevss e prolilem as be sees it Bopemlly o

s S
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EXHIBIT 3.2,

SUMMARY CHECKLIST

A, EQUIPMENT OPERATION
1. CONSOLE SHAPE/S1Z.1
4. Desk height, aiea
b, Control reach
¢. Display view
d. Body limb clearance

2. PANEFL LOCATION
4. Frequency of use
b. Sequence of use
¢. Emergeney msponse
d. Multioperator use

. PANEL LAYOUT
4. Functional grouping
b. Sequential orgamzation
¢. ldentification
d. Saacmg for clearance

‘s

4. DISPLAYS
4. Functionul compatibility
for intended purposes
b. Tutelligibility of infor-
mation content
. Control interaction
d. Legibility: figures,
pointers. scales
¢. Visibility; illumination.,
parallax
f. Location
g ldentification

.

(=4

. CONTROLS

4. Functional compatibility
for intended purpose

b. Location, motion, excur-
sion, and loree

¢. Display interaction

d. Spacing. clearance. size

¢. Identification

I. INSTALLATION. SERVICE, &
MAINT ACCESSIBILITY
a. Location, size of openings
b. Covers, fastening/removal
¢. ldentification

2. EQUIPMENT HANDLING/TRANSPORT
a. Sizefshape/weight/balance
b. Handling clesrance
¢. Handling aids
d. Instructions/labels/
warnings

S = Satistactory
C = Contraversial
U = Unsatisfactory

B, ASSEMBLY SERVICES MAINTENANCE

3. CHASSIS LAYOUT, PACKAGING
a. Ease of handling
b. Aceess to components for
test (cnmpnncnl) lcp]uccmcnl
¢. ldentification
d. Hazard/damage protection

4. CABLES/LINES/CONNECTIONS
a. Euse and security of assembly-
disassembly
b. Connection crror
¢. Wentification
d. Access, test, trouble-shooting,
replacement

SYSIIM SAFETY
. PERSONNEL HAZARDS

a. Shock
b. Burns: direct, chemical

. Hearing damage

d. Tripping/falling

¢. Pinching

Cutting

g. Bumping

<.

o

. FQUIPMENT DAMAGL:
4. Electrical overload, short. ground
b. Mechanical overload, strip, hend,
rupture, break
¢. Explosion/fire

(,l NERAL

. LABELS/MARKING
a. Intelligibility
b. Legibility
¢. Location, spacing
d. Permanence

2. FQUIPMENT FINISH
4. Color
b. Texture
¢. Reflectivity

3. STORAGE
4. Location
b. Volume
¢. Material accessibility,
sceurity

4. WORK AREA ILLUMINATION
a. Light level: range, control
b. Distribution, contrast
¢. Color

4%

Say o N ot 00 gl ety L it 4GNS

S A AL G

e o oo B




“re . gy e A
ene daniant AT st A vk Soaldid

solution can be worked out directly with the designer. In some cases the
designer may have a constraint (lack of space, structural problem, ete.)
which prevents any alternative solution. In such cases the human cengineer
may then give approval, but will record this information in his personnel-
cquipment file for future reference and progress reporting. In isolated cases
in which an agreement cannot be reached. the question may have to be
resolved by higher authority. The human engineer should prepare a brief
summary of the facts in defense of his position both to help higher authority
to make the final decision and also to record the fact that he did not agree
with the design and the reason he did not agree with it. This is extremely
important if he expects a probable operational problem later on and must
show cause why the design was not properly human engineered. Critical
deficiencies should be brought to the attention of the Navy human tactors
Progrim manager as soon as possible,

3.3.5 TASK-EQUIPMENT ANALYSIS

As cach ol the proposed hardware end item designs becomes sufficient-
ly well defined, the human engineer should examine the apparent operator/
maintainer tasks implied by the design and begin to create narrative task
descriptions. This cffort has two purposes. The first is that such an analysis
may uncover problems of task procedure which suggest modification of the
design; the second is that a task description is required to identify manning,
training, and training cquipment requirements, The human engineer nor-
mally requires for cach design, the drawings which describe the internal
clectromechanical processes and input-output incerfaces, a copy of the oper-
ator control panel drawing, and other basic operational descriptive materials
such as the OSDs. He will then visualize the operating procedure and describe
it in detail from the time the equipment is prepared for operation or main-
tenance to the time it is shut down. Once a preliminary description of the
operating task is completed, it should be reviewed with the original designer
to clicit comments. In many cases, it may occur that the human engineer’s
interpretation of how the equipment will be operated differs from what the
designer intended. Such differences must be resolved. In some cases, this
may require discussion with more than one engineer, since responsibility for
the clectrical and mechanical aspects of a given system may lie with different
designers. There have been occasions on which the design of un electro-
mechanical system resulted in incompatibilitics brought about by lack of
communication between the electrical and mechanical engineers. The human
engincer’s attempt to describe the operator procedure immediately exposes
such incompatibilitics.

Use of a worksheet such as shown in exhibit 3.3 is recommended for
recording the data from the task-equipment analysis.

49
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EXHIBIT 3.3. SAMPLE TASK ANALYSIS WORKSHEET.

f. Job Operation 2. Task Title 3. Location of Task 4. Source S. Operational
Performance Reference Site

Prepure Swimmer Delivery Replenish Breathing on Dock or in SDV Spec. Worldwide

Vehicle (SDV) for Launch Gus Supply Water

EQUIPMENT DATA PERSONNEL DATA
6. Equipment Required CSE Required 7. Source || 8. Number | 9. Recommended Position | 10. Applicable
Refer- of Title Rating

Breathing Gas Supply Breathing Gas Supply ence Personnel

Pump and Containers Containers Vehicle Maintenance

Pressure Gauge None 2 Man BM

TASK PERI'ORMANCE DATA

I1. Time Re-

12. Frequency

quired

Day | Week [ Month

Hours _Q
Minutes 25

Unknown

13. Probable
Error
Low on Land
Mod. in Water

14. Speed

L1 1. Not Critical

2 Moderately Critical
3 5. Highly Critical

ment/Special Care Required

[x1 2. Moderate

15. Positioning & Handling Equip-

1. Little 3. Considerable

16. Manipulating Controls
(] None
Hand Valves
[ Toggle Switches
1 Sclector Switches

[ Pushbuttons

[ Cont. Auditory Feedback
(] Cont. Visual Feedback

17. Source of Special Dangers
] None Explosive* (1 Toxic Sub-
[CJ Mechanical O Temperature stances
[ Electrical 1 Volatile Fuels ] Other

*Poss. of over-pressurization or filling system with wrong breathing gas.

TRAINING DATA

18. Nuture of Procedure 19. Technical Manual 20. Training 21. Train. Eq. Catg.
] Fixed Motor Skill [1Circuit Function Difficulty (] Complex
Variable [ System Analysis Analysis| ] Primary [ Easy [ Hard Simple

[X] Secondary Moderate  None
22, Technical Manual Title Life Support System. 23. Training Course Title Repair and Replenishment
Maintenance and Replenishment of SDV-TR-013 Life Support System of SDV

24, Task Performance Date
] Estimated

Tried (Mock-up)

[ Tried (Hardware))

] Design Plan

I Mock-up
Prototype

25. Equipment Development Status

{1 Preliminary Design

(I Production Design
O Production Equipment

26. Narrative Task Information. Remove skin cover
plate over life support quick-connect fitting. Attach
gas supply nozzle to bout, open supply valve, and
monitor flow rate. Shut off valve when pressure
reaches 2800 psi. Disconnect supply and check for
leaks at nozzle. Replace skin cover.

50
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3.3.6 MOCK-UPS

Some type of mock-up study is generally re
developments. Although most people are familiar with the very elaborate
and complete full-scale soft mock-ups (total aircraft fuselage, complete
interior layout of a CIC, ete.), they often are not aware of the value of study-
ing other types of mock-ups.

The following is a listing of possible mock-ups which might be utj-
lized during prototype equipment development:

quired for most system

a. Small-scale mock-ups are useful to show
view of system elements. Because of the
tems of prime and/or supporting ¢

a three-dimensional over-
small scale, large or complex sys-
quipments can be arranged and viewed in
several configurations to study design alternatives and possible problem
arcas which cannot be examined with full-scale models. Due to the small
size of such mock-ups, they can be transported to local or distant confer-
ences. Such models can also be photographed in several arrangements to
provide a record of trade-off analyses or used as a means of simplifying com-

munication of ideas between persons isolated from the contractor’s f

acilities.
A typical 1/12-scale mock-up of

a working space is shown in figure 3.9,
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b. Full-scale sofv mock-ups are used to demonstrate actual size, shape,
and location characteristics relative to typical operator/maintainer operations.
Such mock-ups may be made of wood, cardboard, and/or a combination of
these materials plus certain hardware components. Because seme project
managers view the full-scale soft mock-up as a sales tool more than a design
evaluation tool, the mock-ups are often constructed in a way that negates
casy changes. I'rom a human factors design point of view this creates an
untenable constraint on the utility of the mock-up us a technique for study
purposes, and fabrication costs are increased appreciably.

Design evaluation mock-ups should be designed and constructed for
ease in changing major features. For example, controller positions, pancl
layouts, scating, work space arrangements, and other features should be
capable of quick and simple alterations without extensive assistance from
shop personnel. A full-scale mock-up of this type using movable magnetically-
attached panel hardware is shown in figure 3.10.

It is not always necessary to create mock-ups of a complete system
for human fuactors study purposes. It may be advantageous to consider
several partial system mock-ups: such as mock-upe of only a part of a work
station, an entryway and hatch, and a single maintenance bay. In addition,
it is not necessary for a mock-up to be attractive, as long as it contains the
critical features necessary for evaluation. Since time is usually of the essence
during prototype development, mock-up studies are of little value unless they
can be completed in time to contribute to design decisions. If the prototype
contractor prepared a full-scale mock-up during a contract definition study,
he should be encouraged to utilize it (with appropriate modifications)

wherever feasible rather than incur the expense of preparing a completely
new one.

¢. Hard mock-ups are used to check component installation features
and to provide a model for production work. Generally constructed of mate-
rials similar to those of the final prototype equipment, these mock-ups are
of value to the human engineer primarily in the area of evaluating case of
maintenance (for example, accessibility for inspection, removal, and replace-
ment of components). Usually such mock-ups are located in the contractor’s
factory near the fabrication line. This allows production workers to check
installztion plans directly against a finalized model.

Human engineering uses of any or all of the above mock-up types
include the following:

a. To check out anthropometric relationships (body size and limits)
at operator/maintainer and equipment locations, including visual envelopes,
arm reach requirements, clearance features, seating, and ingress and cgress.

b. To check out lighting conditions, both ambient and proposed
internal systems, glare, reflection, color, quality, and levels.

¢. To check out interface characteristics between special operator
protcctive garments and life support equipment with system connector
hardware, seats and restraints, and general mobility of the operator.

d. To check out arrangement of work space in terms of convenience,
ease of identification, and functional efficiency.
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Figure 3-10. Electronic w: rfare console mock-up.

¢. To check out case of manipulation and transport of equipment
within work and maintenance areas.

f. To evaluate general traffic-flow and equipment arrangement effi- :
cieney, considering routing of hard power and communication lines (elec-
trical, pneumatic, and hydraulic lines: telephone cables: ctce.).

g. To evaluate suitability of labels and nomenclature. 3
h. To perform time and motion studices. 5

i. To obtain operator reaction.

3.3.7 DOCUMENTATION

Documentation of human enginecring detail design work takes various {
forms including:

e

a. Sketches of proposed panel layouts, console designs, workspace
arrangements, etc., for use by engineering personnel.

v

b. Photographs of mock-ups.
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¢. Reports of analyses and studies pertinent to detail design.

d. Memoranda of recommendations to project managenient and
) engineering personnel.

s ¢. Interim and final human engineering and project reports.
3.4 DESIGN VERIFICATION
341 OVERVIEW
Ideally. if proper system development practices are followed and

ed mar-machine system will work according to expectation. In this ideal
sense design verification is incorporated at cach stage of the development
as it progresses, thereby rendering final test programs superfluous. It is
well to strive for this ideal, but in a practical sense it cannot be attained. at
| least not entirely. What does make sense is to do the bulk of design veri-
3 fication as early as possible in the development when costs for changes are
minimal. Even when this is done. however, human engineering tests must
be included in final technical and operational evaluations to confirm satis-
factory man-machine performance.

The objectives of human engineering design verification, whether
done carly or as part of final test programs, include the following:

4. To verify the maximum human performance effectivencss has
been achieved.

4

i b. To establish that task requirements and crew skill levels are
' compatible.

¢. To verify that work space arrangements are compatible with

human anthropometrics.

E d. To evaluate the crew work loads and verify that they are com-
patible with the operating environment and job requirements.

¢. To verify that operating procedures are optimized.
| f. To establish that job aids are adequate and effective.
g. To evaluate crew training programs to assure that human capa-
bility matches that of the equipment.

k: h. To verify crew safety on all aspects of system design and
operation.

3.4.2 NAVY RESPCNSIBILITIES

3 During carly phases of development done by the Navy in-house, the
& Navy human engineering team performs design verification functions as
work progresses. When development is contracted out, the Navy human
engineering team must assess the adequacy of the contractor’s test pro-
gram and monitor its progress. (Sce section 4.) The Navy is again actively
3 involved with human engincering design verification when prototype equip-
ments and systems are delivered to the Navy for operational evaluation.

¥ 54

human engineering attention is provided on a continuous basis, the complet-




Three major categories of test and evaluation are defined in OPNAV-
INST 3960.8 of 22 January 1973, These are: developmental test and evalua-
ton (DT&E), operational test and evaluation (OT&E), ind acceptance trials.
] Each is discussed briefly below.

3.4.2.1 DEVELOPMENT TEST AND EVALUATION. These tests
; are conducted by the developing agencey orits contractors. Their purpose

3 is to Tacilitate the evolution of a system, with the end objective that produc-
tion versions will meet the requirements stated in the Development Coneept
Paper or comparable acquisition document. Al critical human engineering
features affecting operability and maintainability should be included in the
development tests.

Such tests are typically conducted within a Navy laboratory orat a
contractor's plant.

One ot the virtues of the development test is that performance can
be measured under carefully controlled and defined conditions. This is
unlike the operational evaluation, which tends to be realistic, but. for
this reason, not to provide strict contro! and manipulations of ali variables.

3.4.2.2 OPERATIONAL TEST AND EVALUATION. In the Navy
“operational testing and evaluation™ is handled by an independent testing
agency, the Operational Test and Evaluation Foree (OPTEVFOR), based
on the East Coast at Norfolk and on the West Coast at San Dicgo.

As described in Chapter 3. Volume 1, of COMOPTEVFORINST
3930.1. COMOPTEVIFOR is required to verify the suitability. from a human
fuctors standpoint, of Navy systems proposed for fleet service. Principally,
human engineering efforts during OPEVAL are limited to verifying that the
system meets the requirements of MIL-H-46855 and MIL-STD-1472. This
objective is met by an assessment of at least the following aspects of system
design:

a. Maintainability

b. Workspace design

¢. Special tool requirements

d. Communications

¢. Environmental conditions

f. Hazards and salcty

g Work cycles

h. Adherence to design specifications for such things as contiol-

display relationships. visual and auditory displays. controls, labeling, and
anthropometric (body measurement) factors

As cach system is submitted to OPTEVFOR for evaluation. an
OPEVAL test plan is prepared. [t the system is small and uncomplicated,
or i work loads are severe, the human engineering tests may be left to the
overall OPEVAL test project manager. If the system is large and complex.

or i the OPEVAL project manager requests direct support, then the human i
engineering test program may be handled by human engineering personnel '
brought in from Navy laboratorics.
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Assessiment ol system human engineering status is obtained via a
series ol tests conducted during OPEVALL One such testis the H-TA,
“Master Cheek List for Human Engineering.”™ Used extensively, but especial-
Iy i those cases in which the evaluation is being directed only by the proj-
cet ofticer. this cheeklist is basically MIL-STD-1472 adapted to COMOPTE-
VOR use. The H-TA testis used on almost every OPTEVEOR evaluation
program, and additional human engineering tests involving direct observa-
tion and recording may be used it cither the project officer or human
engineer deems it advisable, When appropriate. noise and illumination levels
are also simpled s part of the human engineering tests. On occasion, human
engineering variables are included with other test variables in the Operational
Aceeptability Tests (O-Tests).

At the conclusion of the OPTEVIFOR tests aieport is prepared
describing systen deficiencies. This report should contain a human engineer-
g section complete with photographs illustrating human engineering
problems.

[y general, operational testing may be in any one of the three fol-
lowing categories.

a. Initial operational test and evaluation (I0T&LE). This includes the
testing accomplished by or under the supervision ol OPTEVIFOR prior to
the tiest major production decision. Such tests are olten conducted by
operational personnel on production prototypes to determine refiability.
operability, compatibility, maintainability . and supportability prior to

Ving into production.

h. "Follow-on operational test and evatuation (FOT&E)™ is the
continuing test and evaluation conducted under tleet conditions by operational
personnel under OPTEVEFOR direction. The purposes of FOT&L include:
(1) verification ot systeny performance under operationat conditions. (2)
validation of the corrections made for previously identified deficiencies.
(3 refinement of tactical emplovment doctrine, imd (4) validation of the
requirements for personnel und training, FOT&E may be initiated either
with production prototype or initial production systdms.

¢. Aceeptunce Trials. The Board ol Inspection and Survey is
responsible to the Chiet of Naval Operations for conducting aceeptance
trisls of new ships and aireraft models prior to Navy aceeptance from the
contractor. The Board inspects the material condition of ships and aircraft
and requires demaonstrations of equipment and systems to ensure that per-
formance meets contract specifreations and satisfies Navy requirements.

343 TEST PLANNING

Carcful attention must be given to test planning in order to get the
desired results at reasonable cost. So as to save time and cost, human engi-
neering tests should be combined with other tests whenever this can advan-
tageously be done.

The test plan should include the test objectives, descriptions ol
the test system, criteria to be used, procedures, instrumentation, test
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personnel, simuliation requirements, and Lesting sequences. [Uis also
important that it include a specific treatment of how the data will be
reduced and analyzed. This is essential to ensure that the provisions for
data gathering are sound and reasonable.

The question of the degree of realism to be incorporated in the test
must be caretully considered. Tt should also be recognized that there is o
trade-off between realism and degree of control. That s, it a test is to be
conducted under carefully controlled conditions akin to those in a psy-
chology laboratory, operational realism must be sacrificed. Conversely .,

il o test is conducted under highly realistic operational conditions, many
factors are completely out of the experimenter’s control, What is usually
done is Lo test specific man-machine relationships under highly controllable
abaratory -type conditions, but to test the entire system under more nearly
representative operationd conditions. For example, it performance ona
new Keyset is to be tested, it can be done under rigidly-controlled experi-
mental conditions including precisely-generated and repeatable simulated
mputs. On the other hand, testing o a new intercept control system cun-
not use a Caanned” repeatable simulation, because operator actions influ-
ence the behavior of the interceptor and the target. A similar situation
holds in all complex man-machine systems in that there is operator-to-
operator and operator-to-environment interaction which precludes use of

a rigid simulation. The best that can be done in these situations is to make
the runs qualitatively similar (where this is desired) by presenting the same
initial test situation and making similar perturbations during the course of
the test run.

Test planners should be familiar with experimental design proce-
dures and good test practice insofar as validity and retiability of the tests
are concerned. There are many standard reference works covering these
topics.

34.4 METHODS APPROPRIATE IFOR TEST AND EVALUATION

44T ITERATIVE USE OF ANALYTIC TOOLS. During the
development process, the human engineer uses a number of analytic tools as
deseribed insections 3.2 and 3.3, Selected use of these tools in an itera-
tive fushion is appropriate to verify that the system as realized really oper-
ates in the way in which it was assumed to operate during development.
It should be noted that the sume tool  operational sequence diagranmming

may be used. but itis used to record what actually takes place rather

than to analyze what should take place. Using these tools to record. the
human engineer can spot overloading. interface problems. ete.. with
respeet to the actual flow of information.

3.4.4.2 QUESTIONNAIRE AND INTERVIEW TECHNIQUES.
The questionnaire and interview are usetul to get information whiclh can-
not be obtained by direct observation. By going directly {o operators,
maintainers, and users with properly structured questionnaires or inter-
views, the following Kinds ol information can be derived:

4. Unusual problems in operation and maintenance of the same
or similar systems
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b. ldeas for improved procedures and practical equipment
mudifications

c. Estimates of processing times and error rates under various
conditions

d. User aceeptability

¢, Interfacing problems with other systems

Questionnaires and interviews must be planned and used judiciously

s0 as to beable to clicit the needed information, but not impose excessive
burden on operational personnel.

3.4.4.3 DIRECT OBSERVATION. A great deal of evaluative-type

information can be obtained by direct observation, especially when done in
accordance with a carefully prepared checklist. Some observations are best

made under static conditions, as for instance inspecting console panels for
human engineering suitability of scale design, fegends, illumination. ete.
Other observations can be made only under actual operating conditions.
including. for instance, the time required to complete operation or main-
tenanee functions. A sample cheeklist designed to apply to both opera-
bility and maintainability factors is included in appendix D.

3.4.4.4 DATA RECORDING. Asused here, data recording means
collection ol quantitative data or reproducible sequences by means of
instrumentation such as counters. event recorders. XY plotters, and audio
and video tapes. These may be an integral part of the test system. but
more often than not must be interfaced with it. The matter of the inter-
fuce is often extremely important because. in many situations. the record-
ing cquipment must not intrude electrically, mechanically. or psychologi-
cally with the man-machine system under test. An example of a non-
intrusive recording system is OPREDS, recently developed by NELC's
Human Factors Technology Division. OPREDS is designed to record
operator actions at up to 15 NTDS consoles. 1t interfaces with NTDS at
the buffer amplifier. but in no way interferes with the NTDS hardware or
software functioning.

Data recording must be used judiciously. not only to avoid inter-
fering with the operational system. but also because recording and analy-
sis ol unnecessary data can seriously inflate the cost of the test and eval-
wation program. Particularly during OPEVALS. there are so inany vari-
ables that can affect performance that the candidates for recording must
be selected with care. Also, it should be noted that many variables arce
slow-changing with respeet to the duration of a particular operation.
Weather conditions. sea state, propagation anomalies, crew training and
morale, equipment readiness state, cte., may be deaft with simply by
noting the prevailing conditions at the time of the test. It s, however.,
important that all major performance-shaping variables be dealt with
in some way by controlling them, continuously recording them, noting
their presence. ete. so that the main-stream performance data which
are obtained will be interpreted in the proper context,
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3.4.4.5 WORK STUDY. Included in work study are a number of
formalized techniques for critical examination and work measurement.
Critical examination involves systematic questioning of design features per-
taining to the who, what, where, when, why, and how of operation and
maintenance. Work measurement includes a number of techniques adapted
fromy industrial engineering, such as motion and time study. A description
ol work study techniques may be found in the Ship System Command
publication N.S. 0900-005-1010. Technical Manual for Design Work Study,

and standard reference on industrial engineering covers work measurement
techniques.

3.4.4.0 MOCK-UPS. Man-cquipment relationships in three dimen-
sions can be evaluated by means of mock-up techniques. Reler to section
3.3.6 on mock-ups.
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4.0 CONTRACTED WORK
4.1 OVERVIEW

There is considerable variability with respect to the timing and scope
of contractor involvement in Navy development efforts. In some develop-
ments. contractors are brought in early and have 4 major responsibility for
development of system concepts. In other cases system concepts are fully
developed by the Navy, and the contractors are requested to respond to
highly specilic and detailed specifications for hardware and software. Gen-
erally, human engineering services and products are included as part of a
larger contract lor hardware and/or software development. The material in
this section is applicable in either situation: however, when human engineer-
ing is part ol a larger contract, RFP preparation, proposal evaluation, and
contract monitoring are coordinated with corresponding effort on other
parts of the contract.

4.2 HUMAN ENGINEERING SERVICES AND END PRODUCTS
4.2.1 CATEGORIES

A contract for human engineering may be explicitly for the purchase
of services, end products, or both. When the contract is for end products,
performance of associated services is implicit. Services may be purchased
from a contractor cither because they will have a beneficial effect on other
aspects of a contractor’s program (hardware development, computer pro-
grams, training manuals, etc.) or because they are necessary steps in evolving
specific end products which are to be delivered to the government. Specific
end products are desired by the government to verify the quality of the
human engineering cffort and for use in other aspects of the program. For
example, the government may want a fine task analysis to use as a basis for
developing a training curriculum. Human engineering deliverable end pro-
ducts, then, are items of intrinsic value delivered to the government for ity
use. Of course, every end product has associated with it, and is the result of,
performance of one or more services.

The major categories of human engineering services are identified in
the following subsections, together with associated deliverable end products.

4.2.1.1 PROGRAM PLANNING. The progr. m planning service
category includes preparation of the original human factors plan, as discussed
in section 4.5. and necessary updating of that plan during the life of the
contract. The associated end product is a human factors plan.

4.2.1.2 REQUIREMENTS ANALYSIS. This human engineering ser-
vice category addresses the pattern of requirements associated with the pro-
posed development and i« basic to consideration of all further human factors
work. Two approaches to requirements analysis are recognized:

a. Documentation Review. In this approach the contractor reviews
and interprets relevant documentation dealing with such material as
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deficiencies of predecessor or related systems: tield observations, exercises,
and evaluations; formal requirements documents: and program constraints in
time, money, material, and personnel. The associated end product is a require:
ments report,

b. Field Studies. In this approach the contractor makes direct observa-
tions in the field to develop a systematic understanding of requirements.
These observations are directed to personnel. environments, operational
settings, systems, and facilities which are as closely related to the proposed
development as practicable. The associated end product is a requirements
report.

4.2.1.3 MAN-MACHINE CONCEPT DEVELOPMENT. This service
category includes preparation of concepts or contribution to concept for-
mulation in several areas. The associated end product in each case is a con-
cept development report.

4. Systems Concepts. The contractor prepares concepts of man-
machine systems potentially capable of satisfying operational requirements
and compatible with all existing constraints.

b. Equipment Concepts. The contractor prepares concepts of specific
manned equipments compatible with overall system concepts.

¢. Facilities Concepts. The contractor prepares concepts of facilities
needed for housing of personnel, storage of material, overhaul and repair
functions, etc.

4.2.1.4 MAN-MACHINE CONCEPT ANALYSIS. This category in-
cludes analyses and trade-offs of candidate and selected design concepts,

a. Information Flow. Analyses are performed to determine basic
information flow and processing required to accomplish the system objec-
tive. They include decisions ar.d operations without reference to any specific
machine implementation or level of human involvement. The associated end
product is an information flow chart, together with such supporting documen-
tation as may be necessary (sec section 3.2.3.2).

b. Time Line. A detaiied time line analysis of system behavior as
related to the mission may be prepared for normal and degraded system oper-
ation. The time line analysis provides a graphic representation of each indi-
vidual’s workload by plotting his task involvement against a time line base.
When the performance of several individuals is closely interrelated, their pro-
files should be plotted together on the same graph so as to highlight the work-
load balance. The associated end product is a time line chart (fig. 3.8),
together with supporting documentation.

. Performance Prediction. This service includes those analytic func-
tions 2zimed at predicting man-related aspects of system performance for
candidate or selected system configurations. Estimates of processing capabil-
ity in terms of load, accuracy, rate, and time delay may be prepared for each
potential operator/maintainer information processing function. These esti-
mates are used initially in determining allocation of functions and are later
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refined at appropriate times for use in definition of operator/maintainer
information, control-display, and communication requirements. In addition,
estimates are made of the effects on these capabilities likely to result from
implementation or noaimplementation of detail design recommendations.
Where total system response time and accuracy are primarily determined by
liuman performance, predictions of total system response in terms of speed
and accuracy should be included. For maintenance lunctions, performance
prediction should include mean tault isolation and restoration times. The
associated end products are operability and maintainability performance
prediction reports.

d. Gross Task. This analysis presents in briel narrative form a com-
plete procedural description of the operator/maintainer’s action in perform-
ing the given task. Other relevant information is included, such as type and
location of equipments used, rough estimate of time required, frequency of
performance, critical performance factors, and type of personnel and train-
ing required. The associated end product is a set of gross task analysis sheets.

e. Fine Task. Fine task analysis identifies: (1) information required
by man, including cues for task initiation; (2) information available to man;
(3) his evaluation process; (4) the decision reached after evaluation; (5) the
action taken; (6) body movements required by the action taken: (7) work-
space envelope for man required by the action taken; (8) workspace available
to man: (9) location and condition of the work environment; (10} frequency
and tolerance of action; (11) the time base; (12) feedback informing man of
the adequacy of his actions; (13) tools and equipment used; (14) number of
personnel required, their specialty, and experience: (15) job aids or references
required; (16) communications required, including type of communication;
(17) special hazards; and (18) operator interaction, where more than one
crew member is involved. The analysis may be performed for all missions and
phases, including degraded modes of operation. The associated end product
is a set of [ine task analysis sheets.

f. Operational Sequence and Interface. This analysis identifies the
sequence of operations, delays, transmissions, and receipts within and be-
tween stations of interest. Separate analyses are prepared for each situation
of interest, such as each mode of operation, type of threat, level of manning,
and casualty condition. Conditions of overloading and underloading and
interfacing problems are identified. The analysis is performed at various
levels of detail, as discussed below. The operational sequence diagram is the
associated end product for this analysis. The OSD records operating sequences
for, and interfacing relationships between, a number of stations of interest.
The recommended format and symbology is shown in figure 3.7. Four levels
of OSDs are identified below; selected levels may be mixed in a single OSD as
appropriate. Contractual documents and human engineering plans should
specify the level of OSD required.

(1) The first- or top-level OSD utilizes composite stations (two
or more functionally related operators or man-machine stations treated as a
single station) for column headings and shows information transfer between
stations at a {unctional level only. For example, column headings might be
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“bridge,” “‘engine room,” and “C1C.”" Information transferred might include
“rudder orders,” “‘engine speed orders,” “new target detections,” “CPAs,”
and “recommended course changes.”

(2) The second-level OSD also utilizes information transfer at the
functional level, but uses individual man-machine stations as column headings.
For example, column headings might be “tracking station,” “identification
station.” and “intercept control station.”

{3) The third-level OSD also utilizes the individual man-machine
stations as column headings, but shows information transfer in specific modas
such as electrical, voice, and visual,

(4) The fourth-level OSD also shows information transter in
specific modes, but deals with information at the discrete action level {button-
pushing operations, voice commands, etc.). At this level cach operator is
represented with a separate column, and system equipments are represented
in the remaining columns.

g. Man-Machine Station. This analysis is performed for each man-
machine station. It is similar to the information flow analysis (section
3.2.3.2) except that the decisions and operations with which it deals are con-
fined to man and his close-coupled equipment rather than being representa-
tive of the system as a whole. The analysis is completed by summarizing all
significant intormation categories which must be processed at the operator
station. The associated end products are man-machine flow charts (fig. 3.5),
imput-output charts (fig. 3.6), and supporting documentation.

h. Hazards. In this analysis all potential hazards in operation and
maintenance of system equipment are systematically identified. Hazards
typically considered include clectrical shock, cuts and bruises from bumping
into protruding hardware, burns. fingers or clothing caught in hardware, exces-
sive radiation, tube implosions, explosions, toxic fumes and substances, damag-
ing noise levels, inadequate illumination levels, and sudden pressure changes.
The analysis identifies the hazard, why it exists, and what can be done to
minimize it. The associated end product is a hazards analysis report.

i. Habitability. This is an analysis of all significant factors alfecting
the livability of working, messing. berthing. sanitary. and recrcational spaces.
Factors taken into account are lighting, air circulation and purity, tempera-
ture. humidity, color environment, comfort of chairs and bunks, suitability
ol lockers, adequacy of sanitary facilities, noise levels, housekeeping factors,
esthetic considerations, cte. The analysis assesses habitability in terms of
prevailing standards and identifies means of correcting specific problems or
making general improvement. The associated end product is a habitability
analysis report.

j. Trade-off Studies. Human factors trade-oft studies analyze various
design options relating to human participation in systems in terms of their
impact on performance and cost. Most such studies are normally accomplished
in the pursuit of selected human factors analyses such as allocation studies.
Any additional trade-olf studies involving a signiticant commitment of man-
power shall be carried out as specially negotiated with the contracting agency.
The associated end product is a set of trade-oft analyses reports.
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k. Altocation Studies. From projected operator/maintainer perform-
ance data, cost data, and known constraints, the contractor shall conduct
analyses and trade-olf studies to determine which system functions should be
machine-implemented and which should be reserved for the human operator/
maintainer. The associzted end product is a functicn allocation table,
together with justification.

I. Information Requirements. Completion of information flow
analysis, gross task analysis, and man-machine analysis is prerequisite to this
service, which defines the characteristics of the information to be displayed
and controlled at an operator or maintainer station. The information require-
ments analysis must include type and amount of information. together with
characteristics such as granularity, formatting, updating period, and persist-
ence. The associated end product is an information requirements table.

m. Control/Display/Communication Requirements. This analysis
extends the information requirements analysis. 1t specifically derives what
must be displayed, controlled. and communicated, and how this may be
accomplished. The service is prerequisite to proceeding with specifications
for detail design. The associated end product is a control/display/communica-
tions requirements table.

4.2.1.5 MAN-MACHINE SYSTEM DESIGN. Human engineering
services in this category contribute directly to design of system hardware,
software, and support equipment; development ol personnel subsystem ele-
ments such as selection and training programs: and development of trainers.
life support equipment, and other facilities. These services and their associated
end preducts are listed below.

a. Performance Specifications. Performance specilications set the
bounds on man-machine system performance and define what the system
must do in operational terms. The associated end product is a performance
specification,

b. Hardware Specifications. This service defines hardware and com-
ponent characteristics needed for man-machine interfaces and operator
station designs, The associated end product is a hardware specification.

¢. Software Specifications. This service defines computer program-
ming requirements for man-machine interfacing and information processing.
The associated end product is a software specification.

d. Mock-up Preparation. The following listing includes types of
mock-ups which may be utilized during design and development. The associ-
ated end product in each case is a mock-up and supporting documentation.

(1) Reduced-scale mock-ups for three-dimensional representation
of consoles, workspaces, and manned lacilities.

(2)  Full-scale “soft” mock-ups of wood, paperboard, or similar
materials plus panel hardware components for human engineering study of
panel layouts, seating, workspace arrangements, illumination, and related
factors. These mock-ups are constructed for critical manned equipments at
the earliest practical point in the development program. The mock-ups
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should be kept up-to-date to reflect design progress and changes. The work-
manship should be no more claborate than is essential for human engineering
purposes: the least expensive practical materials should be used for fabrication.

(3) Full-scale *hard” mock-ups to check component installation
features, to evaluate ease of maintenance (accessibility for inspection, removal,
and replacement of components), and to provide a model for production work.

(4) Functioral, full-scale mock-ups to check the operation of
critical controls and displays in the prototype configuration.

¢. Dynamic Simulation. Dynamic simulation techniques may be utilized
as 4 human engineering design tool when necessary for the detail design of
equipment requiring critical human performance. The associated end product
is a dynamic simulation report.

f. Consultation. Human engincering consultation service is provided
to contractor design groups during design and development. Familiarity with
the progress of development is required; day-to-day guidance is rendered on
an on-the-spot basis. There is no associated end product (administrative
summary only).

g. Design Guidance. This human engineering service differs from
consultation in that it is a more formalized approach and requires timely
documentation of design guidance material. The initial effort is an overall
human engineering design guide. This is later supplemented by specific design
recommendations to contractor design groups. Timeliness is essential; such
feconumicidations shidll be provided at the iception of the particular design
effort, The associated end product is a design guidance package including
initial guides and periodic supplements.

h. Design Review. Human engincering design review is a continuing
service rendered during design efforts. With regard to all human engineering
features it provides for (1) close scrutiny of design progress througl, informal
contact, (2) review and approval sign-off on drawings, and (3) participation
in all design review mectings. An essential aspect of this service is the resolu-
tion of design problems which could adversely affect human engineering
features. When satistactory internal resolution is not attainable, the situation
must be called immediately to the attention of the contract monitor, There
is no associated end product (administrative summary only).

i ConteolDimplay Hamdware Selecticn. This seiice provides for
(1) review of available control/display hardware with regard to general human
engineering suitability and specific control/display/communication require-
ments: (2) procurement recommendations for specific hardware ilems: (3) re-
view of these recommendations with cognizant engineering groups; and (4)
compilation of final hardware lists which are acceptable from both engineer-
irg andd Wuraas eagineering dandpoinls  Any imeconcilable difliere Hees slkonl!
immediately be called (o the attention of the contract monitor. There is no
associated end product (administrative summary only).

J. Panel Layout and Arrangement. This service provides human-
enginecring panel layouts and arrangements for guidance of detail design.
The service includes review of the recommended panel layouts with cognizant
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engineering groups and preparation of final layouts acceptable from both
engineering and human engineering standpoints. The associated end product
is a set of panel layout drawings, togetl 'r with supporting documentation.

k. Work Space Arrangement. This service is comparable to service
above except that it treats an entire workspace for operation or maintenance.
The associated end product is a set of workspace layout drawings, together
with supporting documentation.

I. Equipment Procedures. This service provides for the development
of a detailed set of equipment operating procedures compatible with good
human factors practice. The associated end product is an equipment opera-
ting procedures manual.

m. Human Engineering Detail. This service calls for the development
of human engineering design for all relevant aspects of the contracted eftort.
It specifically covers detail design of hardware items to be fabricated instead
of purchased. All designs shall be compatible with the provisions of MIL-
STD-1472. The service includes review of all recommended detail design
with cognizant engineering groups and agreement on the acceptability of
final design detail from both engineering and human enginecring standpoints.
The associated end product is a set of detail design drawings and supporting
documentation.

n. Training Frograms. This service develops training programs for
user, operator, mair tenanee, and support personnel associated with the sys-
tem under developn ent. The training program should primarily meet the
requirements of the initial personnel team assigned to the test program but
should also provide 4 solid foundation for establishing training programs in
service schools. The associated end product is a training program package
consisting of curriculum, text materials, audio visual aids, and technical aids.

o Operator Manuals - This service provides lor preparation of opera
lor manuals to be used in training programs and in the field. The associated
end product is an operator manual.

p. Maintenance Manuals. This service provides for human engineering
supputt in the preparation of maimtenance manaats and shall inchade. 1)
specitic discussion ol man-machine interfaces for maintenance actions and
the maintainer’s decision-making functions; and (2) guidance on formatting,
layout, and packaging of maintenance instructional materials for ready use
by maintenance personnel. The associated end products are appropriate sec-
tions of maintenance manuals.

4.2.1.6 DESIGN VERIFICATION. This service category provides
for systematic review, test, and evaluation of all human engineering elements
of the contracted cffort.

a. Checklist Preparation. This service calls for preparation of special-
purpose human engincering checklists customized for the system under
development. The associated end product is a set of checklists.

b. Appraisal Through Checklist. This service calls for appraisals of
human enginecring clements of the system under development by use of
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either special-purpose or standard checklists as appropriate. These appraisals
are made as carly as feasible in the development process and as often as neces-
sary to ensure fimeliness with design changes. The associated end product is
a design verilication report.

¢. Test Planning. This service includes all planning necessary to ensure
proper consideration of human engineering in all in-house test programs.
Human engineering tests are integrated or coordinated with other aspects of
the test program. The objective of human engineering participation is to verity
compliance with system requirements and particularly the human engineering
requirements which are contractually imposed. Human engineering test
planning shall include but not be limited to:

(1) Simulation (or actual conduct if possible) of the mission or
work cycle.

{2) Tests in which human participation is critical with respect to
speed, accuracy, reliability, or cost.

(3) A representative sample of noncritical scheduled and un-
scheduled maintenance tasks.

(4) Proposed job aids.

{5) Utilization of personre! who are representative of the range of
the intended military user population.

(6) Collection of task performance data.

(7) [Identification of discrepancies between required and obtained
task performance.

(8) Criteria for the acceptuble performance of the above fests.
The associated end product is a human factors test plan,

d. Test and Evaluation. This service provides for the carrying out of
tests planned under service ¢ above, the evaluation of test results, the initia-
tion of appropriate corrective action as needed, and the preparation of test
reports. The associated end product is a set of human engineering test reports.

¢. Test Support. This service provides continuing test support during
tests conducted by the government in its laboratories, al test fucilities, in the
field, or in the tleet. This support includes test planning, participation in test-
ing programs, interpretation and evaluation ot results, and reporting on the
test program as members of a government-industry test team. There is no
end product associated with this service.

f. Environmental Measures. This service is for measurement of fea-
tures of the physical environment affecting on-the-job performance and
habitability. This includes illumination, noise, vibration, temperature, hu-
midity, air circulation, and air quality. The end product is a set of tables
covering the spaces sampled and the measures used.
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g. Follow-up Studies. This service is to conduct systematic follow-up
studices of a new system after it has been aceepted for seivice use. The service
involves direct observation of the system in simulated or actual use, interview
of selected operator/maintainer personnel, and collection of broader-based
data through questionnaires administered to a representative operator/main-
tainer population. The associated end product is a follow-up report.

4 2.1.7 APPLIED RESEARCH. Applicd research may be required
at any stage of development as determined by the contracting agency. The
associated end product is a rescarch report,

4.2.2 SPECIFICATION OFF SERVICES AND END PRODUCTS

This section suggests a mechanism for specilying services and end
products using a matrix of the type shown in exhibit 4.1. This matrix may
be used by a prospective contractor to simmarize the pattern of human
factors services and end products which he proposes to supply for cach block
of work. The same type of matrix may be used by the contracting agency to
summarize the human engincering services and end products which are being
included in an RFP or contract.

One way to use such 4 matrix would be to enter in cach cell: (a)a
designation for service only, or service plus delivered product; and (b) the
number of man-days to be scheduled. Cell encoding could also designate the
level of end product desired whenever options have been defined. Whether
the service/product is oriented to subsystem use, subsystem maintenance, or
both could also be encoded. In all cases in which a service is called out but
the associated end product is not, the contractor should be required to main-
tain working papers in his files which demonstrate that the service was actually
performed.

In a total ship program the subsystem columns might be labeled
bridge, CIC, radio central, engine room, galley, berthing spaces, etc., thereby
allowing for the differential treatment vhich should be applied to these vari-

ous spaces. In very small systems only the total labor column would be
needed.

4.2.3 LABOK COSTS FOR HUMAN ENGINEERING SERVICES

a. Laboratories. Labor cost for human engincering personnel in Navy
laboratories is a composite of the individual labor rate and the various over-
head expenses which may be applied. Total applied overhead will typically
be from 60 to 110% of the salary. As an example, for the 1974 fiscal year
the average man-year cost for human engineering services at the Naval Elec-
tronics Laboratory Center is $35k. Projected costs for future years should
be calculated on the basis of a 5% annual increase.

b. Contractor. Costs for contractor human engineering personnel
vary more than for Navy in-house laboratory support, principally due to
industry’s tendency to expand the pay scale to more strongly differentiate
between levels of experience and education. As a result, current costs range
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EXHIBIT 4.1
HUMAN ENGINEERING SERVICES AND PRODUCTS

This table identifies the human engineering services and products which may
be needed on system development projects. The table is laid out so that it can
be used for estimating human engineering labor in cach service category in
each of several subsystems (A-H).

Service Category

End Product

Labor (Man Days) by

Man
Days
Total

A. Program Planning. Preparation
of original HE plan and updat-
ing as required.

Program Plan

B. Requirements Analysis

1. Documentation review - prior
systems, fleet observations,
evaluations, requirements,
documents, etc.

2. Field studies. Direct obser-
vation of personnel, environ-
ments, operational settings.
systems, facilitics, ete., of
related systems.

! Report and
. bibliography

]

keport

(. Man-Machine Concept Develop-
ment.

1. Man-machine systems po-
tentially meeting require-
ments.

2. Specific manned equip-
ments compatible with
overall system concepts.

(59

Facilities needed for hous-
ing of personnel, materials
storage, repair, etc.

Reporl

Report

Report

D. Man-Machine Concept Analysis.

1. Information flow, opera-
tions, and decisions re-
quired to accomplish
system objective.

2. Time line. Graphic
representation of each
operator's workload
against time line base.

Info flow
chart

Time line
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Service Category

End Product

Labor (Man-Days) by

Subsystem

AlB

C|DIE{F]G[H

Man-
Days
Total

3. Performance prediction of
accuracy, rate, and time
delay for cach operator/
maintaine

Report

4. Gross task analysis — narra-

tive descnption of vperator’s

action i performing the
given task,

S. Fine task analysts. Ident-
fies mformation require-
ments, decision and motor
actions, workspace, tools,
personnel qualifications.
ele.

Gross T, AL

Fine T. AL

0. Operational sequence.
Sequence of uperations,
delays, transnussions, and
receipts within and be-
tween man-machine
stations.

7. Man-machine station.
Thorough information
flow analysis for each
operator station

8. Hazards. Systematic iden-
tification of potential
hazards in operation and
maintenance, and possible
solutions.

Y. Habitability. Livability
of working, messing, berth-
ing, sanitary, and recrea-
tional spaces.

10. Trade studies. Analysis of
design options relating to
human involvement in sys-
tems in terms of impact on
cost and performance.

11. Allocation of functions to
man or machine.

08D levels
1-4

MM flow
charts
Input-
Output
charts

Report

Report

Report

Allocation
table

12. Information requirements.
Type, amount, format, and
time characteristics of in-
formation to be displayed.

Info require-
ments table
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Service Category

End Product

Labor (Man-Days) by

Subsystem

C|DIE(F

Man-
Days

Total

13. Control/display/communi-
cation requirements. Ex-
tends information analysis

to specifically derive what,

how, where, and when
information will be dis-
played and controlled.

C/D/C tables

E. Man-Machine System Design.

1. Performance specifications,

Human engineering contri-
bution to equipment and
system performance
specifications.

2. Hardware specifications.
Human engineering contri-
bution to equipment and
system hardware specifica-
tions,

3. Softwane specifications.
Computer programming
requirements for man-
machine interfacing and
information processing.

Specinput

Specinput

Spec mput

4. Mock-ups. (a) reduced Mock-up
scale, (b) full-scate “'soft,” a-d
(¢) fubl-scale hard. (d)
functional.

5. Dynamic simulation. Report
Computer simulation of
critical man-machine tasks.

0. Consultation. As appropri-

ale
7. Design guidance. General Design guides

and specific recommenda-
tions to design groups.

K. Design review. Participa-
tion in and critiquing of
design reviews,

As appropri-
ale

Y. Hardware sclection. Re-
view and recommenda-
tions for selection of off-
the-shelf hardware fur
controls, displays, work-
spdce, ete.

Hardware
Jist

T




Service Category

End Product

Labor (Man-Days) by

Subsystem

C|DJEJFI|G

!

=
=

neered panel fayouts for
guidance ol detail design.

11. Work space arrangement.

Human engineered arrange-

ments for an entire work-
space.

12. Equipment procedures.
Detailed operating pro-
cedures concerning
mechanics of operation.

()

. Human engineering detail.
Recommended detail
design covering items te
be made rather than
bought.

14, Training programs. De-
velopment of initial
training programs for test
and support personnel for
use dunng development
and testing.

[5. Operator manuals. Differs
from (12} in that it pro-
vides operationally-
oricnted as well as
equipmient-oriented pro-
cedural inputs.

16, Maintenance manuals,
Man-machine interfices
for maintenance: mainte-
nance decisions; guidance
on formatting, pkg mainte-
nance instruction meterials.

. Panel layout. Human engi-

Drawings &
supp docu-
mentation
Drawings &
supp docu-
mentation

Equipment
proc

Drawings and
documenta-
tion

Training pky

Inputs to opn
manual

Input to
maint
manual

Design Verification.

1. Checklist preparation,
Customized checklists for
the system under develop-
menl.

(=)

. Appraisal through check-
list. Check proposed or
implemented design fea-
tures against checklist
provisions.

Checklist

Design verifl

b
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: Labor (Man-Days) by Man-
Subsystem Days
Service Category End Product | A|B|C{D|E[F{G|H Total
3. Test planning. All planning | HE test plan
neeessary to enstire proper
consideration of human
icliability and man-machine
perfurmance i system
tests.
A4 Testand evatuation, Pro- HE 1test report
vides for carrying out
planned tests, evaluation
; of results, and test report-
; ng.
: 5. Environmental measures. Tables
: Quantitative measure- ;
: ment of the physical :
environment under normul
and/or extreme conditions. j
6. Follow-up studies. Pro- Report ;J
, vides for systematic
' follow-up studies of a new ?
system after acceptance ;
for service use.
G. Applied Research.
: 1. System-specific human Report
engineering studies related
4 to man-machine system
design options.
A from approximately $25k to $50k per man-year, depending upon the Yuman ;
3 engineer’s qualifications and job requirements. '
4.2.4 PROPORTION OF PROJECT COSTS FOR HUMAN ENGI-
'{ NEERING

3 The limited experience with human engineering as a contract require-

: ment on ship’s system programs has not permitted indisputable determination
3 of the cost for human engineering support on a new system, piece of equip- ¢
: ment, or ship type. Available evidence on recent development programs
indicates that human engineering costs have varied from slightly less than 1% i
E to 5% of the total acquisition costs. Based on experience, it appears that

these figures actually represent the minimum and maximum normally spent

( on ship system programs. Although minimal human engineering can be
E: accomplished with the less than 1% figure, it is recommended that a value of
¥ 1% to 2% be budgeted for most development programs. The program manager ]
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must realize that for some new systems which are extremely complex and
may present a new exotic operating environment, or in which perhaps O
& extensive crew interactions are required, human enginecring costs may reach ’
'; 0% or 7% of the acquisition costs. 5
3 -

4.3 PREPARATION OF THE REQUEST FOR PROPOSAL (RFF) ;

Most REPs will include a requirement for total personnel subsystem
analysis and development of outputs relating to human engineering, system
manning requirements, training, and training equipment. To adequately b
oversee all these areas, the Navy project staftf should include a human flactors ’-_.
program manager with appropriate assistants representing the several person-
nel subsystem specialty areas.

g This subsection deals only with the human engineering aspects of the
£ total program as it relates to assisting in the preparation of an RFP. The

k major tasks, discussed in detail below, are: (a) review and expansion of func-

tion analysis, (b) definition of scope, (¢) estimation of human engineering A
effort. (d) selection of criteria lor assessing personnel qualifications, (¢) selec- 4
“- tion of references and guides, (f) identification of end products. (g) definition
E of criteria for evaluating proposals, and (h) preparation of inputs to the RFP, E
: 4. Review and Expansion of Function Analysis. The human factors 3
3 program manager and staff should participate in the review of documenta- f
tion and assist in development of top- and first-level function flow diagrams.
The human factors manager should refer to the several available guides to -
assist in this analysis activity: “Human Engineering Guide to Equipment 3
3 Design™ (Morgan, ed.), “Human Engineering Guide for Equipment Designers” E
1 (Woodson and Conover). and *Human Factors Evaluation in System Develop-
ment” (Meister and Rabideau).

In the event the function analysis indicates to the human factors

program manager that unique environmental hazards may be involved in the

4 new system  hazards beyond the usual requirements for conventional con-
trol of noise, vibration, and acceleration hazards - he should seek assistance

3 from BUMED (NM&S 713} in defining the seriousness of the problem and
determining whether special studies may be required before certain operational
' or design concepts are finalized. This may have considerable influence on

1 what the REP requires of the contractor in terms of special studies and/or

personnel.
The final product of this function analysis task should be the follow-
-" ing items, Lo be placed directly in the REFP or included as exhibits to it: ;
& (1) top- and first-level function flow diagrams, (2) a set of operator/maintainer :
1 task descriptions, (3) gross description of major man-machine interface ele- !
ments (control-display positions, etc.), and (4) a list of the major human fac-
tors problem arcas which appear to require further definition and resolution. 4
X The inclusion of these items in the RFP accomplishes two major functions: p
5', (1) reduces the contractor’s overall workload, thus permitting his personnel 4
to spend more time on detail design effort, and (2) provides an indication to **‘
'«' the contractor concerning the Navy's thoughts regarding man-machine £
3 allocations.

-
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b. Definition of Scope. iwiy -H-.42855, “Human Engineering Require-
ments for Military Systems, Equipment and Facilities,” should be used as a
basic guide to define the scope of the human engincering cffort. This specifi-
cation establishes and defines the general requirements for applying human
engineering principles and criteria to military systems development, including
work to be accomplished by contractors. In general this specification requires
human engineering eftort in the following key arcas: (1) system engineering,
(2) design and development, and (3) test and evaluation.

In the case of system engineering, the RFP should state to what
extent the contractor should further define functional requirements, man-
machine allocations, operator/maintainer task descriptions, and man-machine
interface requirements. The RFP should define the extent to which human
engineering inputs will be applied to predesign and detail design efforts dur-
ing Phase B and to what extent this effort will be documented or demon-
strated by means of drawings or mock-ups. Finally, the REP should specify
such special human engineering studies as appear to be required because of
some unique environmental problem, new control-display concept, or sus-
pected operator workload stress which may affect finat design decisions and
what type of information should be developed to support other personnel
subsystem design decisions. 1t should be noted in this latter case that most
contractors will develop manning estimates and training requirements as part
of their ILS function. Although these functions should be closely allied to
the human engineering etfort, it may in fact not occur unless the RFP makes
a point ol it. The REP must make it clear that man-machine function alloca-
tions, hardware design, tusk descriptions, manning estimates, and training
plans must be developed as an integrated package with sufficient documenta-
tion to confirm that this has been accomplished.

The Navy human factors program manager should request (in the
REPY that a human engincering program plan be submitted as a distinct

requirement in cach contractor’s proposal. This plan should include at least
the following:

{1) A detailed description of the proposed human engineering
effort, including a set of specific work statements covering systems analysis,
literature review, design trade-oft studies, mock-up studies, design assist and
monitoring, maintenance concept development, safety analysis, and program
planning for the pretotype development phase. (See also section 4.5.)

(2) A schedule of the proposed human engineering effort show-
ing start and end dates for each task and points for progress reporting and/or
review, and an estimate of the manloading across the schedule, including a
percent of the total effort assigned to cach task.

(3) A description of the end products to be provided as a result
of the human engineering effort, including analysis worksheet summaries,
design trade-off study results, literature survey reports, and results of labora-
tory, mock-up, or other study efforts.

Section 4.2 provides additional guidance in defining the scope of the
human engineering effort.
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¢ ¢. Estimation of Human Engineering Eitort. 1t is important for the
human factors program manager to know how much to budget for human
engineering. Since budgets are always subject to scrutiny by higher authority,

/ all study tasks must be able to pass the acid test ot “Is it really vital?” There

'f are no hard-and-fast rules by which the human lactors manager can assess

this requirement  only experience and common sense. This is why it is very

important to select an experienced manager. one who has “lived through”

several programs.

o AT PR TP

As a general rule, the human factors program manager should examine
cach task he has identified in b above. He should compare these with similar
tasks which contractors have done on other programs, when such information
is available to him. Otherwise, e must refer to his own experience. A block
of hours should be estimated for cach task. Each task should then be rated
in order of priority. This is done so that if budget cuts require reduction in
desired manpower he can decide whether a task should be omitted or modi-
fied. In many cases reduction in effort makes the task useless and, thercfore,
; better to be dropped than modilied.

It should be pointed out, however, that the human factors program
manager is responsible for seeing that essential human engineering tasks are

not arbitrarity omitted. A good example is the case in which a project
" manager feels that designers can apply human engineering principles without
the assistance of human engineering specialists. Experience has demonstrated
quite cleartv that such a decision generally results in operator/maintainer
failures in the field, ‘

The level of effort to be required should be based upon an evaluation ;
by the human factors program manager of the magnitude of specific tasks.
For example. it the system design involves development of a great number of
new subsystems. more human engineering effort is required both for evaluat-
ing design concepts and for new task descriptions. Similarly, if the system
involves new operator-control interfaces wherein special laboratory studies
may be involved, an obvious increase in human engineering effort is required.
In these special cases it will be necessary for the Navy human factors program
manager to prepare a preliminary outline of the task and roughly estimate
the hours required for designing the experiment, setting up the test apparatus,
running the test, and analyzing the results.

For detailed guidance on estimating human engineering effort, see
section 4.2,

z oy
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d. Selection of Criteria for Assessing Personnel Qualifications. In
conjunction with the estimation of human engineering manpower require-
ments, the Navy human factors program manager should establish criteria for
judging the qualifications of the key personnel proposed by the contractor.
Once again, there are no hard-and-fast rules for doing this. On the other
hand, there are 2 number of considerations to keep in mind, such as the
following: the contractor’s human factors program manager should be a per-
son with several years’ experience on several programs similar to the one in
question; he should have managed at least one of these programs; and he
should be a human engincering specialist, not an engineer who is assigned ,
human enginecring responsibility as a collateral duty. A minimum of § years’ i
experience is recommended.

ST
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In the event the study requires research in a specialty area such as
vision, audition, or control-dispiay simulation, the contractor should provide
a specialist for these special programs. Each specialist should have recent ex-
perience in performing similar studies which demonstrates that he is up with
the current state of the art in his area.

Similarly, the contractor should provide applications-oriented human
engineers to follow design work. An academically- or research-oriented
human factors scientist seldom does an adequate job in assisting and monitor-
ing designers. These applications human engineers should have recent experi-
ence on military (and preferably Navy) hardware programs.

e. Selection of References and Guides. Two primary references
shiould be included in all REFPs MIL-H-46855 and MIL-STD-1472. The
first reference provides general guidance for delining the requirements ol a
human engineering program, the second provides a set of human engincering
design criteria and principles which should be considered in the design of
hardware. Special references related to the systems under development
should be included as appropriate. A few general references such as the fol-
lowing should also be cited:

& “Human Engincering Guide to Equipment Design,™ (rev. ed)
Van Cott and Kinkade (ed). 1972

® “Human Engincering Guide for Equipment Designers.” Woodson
and Conover, 1966

® “Maintainability Design Criteria Handbook for Designers of
Shipboard Electronic Equipment.” NAVSHIPS 94324, 1965

® “Pgychological Principles in System Development,” Gagne
(ed), 1962

e “Human Factors Evaluation in System Development,” Meister and
Rabideau, 1965

® “Human FFactors: Theory and Practice,” Meister, 1971

f. Specific human engineering services and end products to be required
of the contractor should be identified, as categorized in section 4.2. Also
refer to MIL-H-46855 for basic requirements pertaining to services and end
products.

g. Criteria for evaluating proposals should be established for the
human engineering arca and stated in the RFP. These criteria should be
stated as specifically as possible and given weightings in terms of importance.
For example, the following cvaluation criteria should be considered as basic:

(1) Understanding the problem - how well the contractor ivas
interpreted the operational requirement, defined the study objectives, and
specified the tasks he expects to perform to meet those objectives.

(2) Scope of proposed cffort  whether the contractor’s pro-
posed study displays adequate coverage of all considerations with appropri-
ate emphasis on those aspects considered by the Navy to be most critical.
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(3) Technical approach  whether the contractor’s approach to
problem analysis and solution is technically sound and sufficiently supported
by previous experience or backup material to indicate probability of success.

(4) Technical personnel qualification  whether the contractor’s
proposed staff tor the contracted work is qualified technically, whether
specific individuals are assigned sulficient man-hours to be effective, and
whether the proposed organization provides for effective use of personnel
and interaction among personnel and their technical outputs.

Sec also the criteria in section 4.4.2.

. Preparation of Inputs to the RFP. A separate section should be set
aside in the RFP for human engineering. This section should cover at least
the following topics:

(1) Scope (prime system, support equipment, facilities, life
support, etc.).

] (2) Desired Approach (methods, techniques. ctc.).

(3) Special Studies (literature reviews, analyses and trade-offs,
simulation and laboratory experiments, mock-up evaluations, etc.).

(4) Interface Requirements (intcraction internally, with the Navy,
and with other government agencies).

; (5) Reference Documents (specifications, standards, guides, tech-
q nical reports).

{6) Organization and Personnel Qualifications.
(7) Reporting Requirements and Procedures.

{8) Level of Effort and Proposal Evaluation Criteria and Priority.

{9) Applicable Data ltem Descriptions.

(10) Summary of Required Human Engineering Submittals.

Other parts of the RFP should be reviewed as they are being developed.
It will be apparent that human engineering statements and/or references should
be made in or to other sections of the RFP. It is particularly important that
human engineering requirements be written into engineering sections. These
requirements may include operator/maintainer function allocation, control-
display design, seating, lighting, noise. vibration, acceleration, shock, environ-
mental protection, habitability, space arrangement, equipment packaging for
portability and ease of access for maintenance, etc. In addition, strong em-
phasis should be made in introductory and management sections of the RFP
regarding the role of human engineering and the necessity for its being integral
rather than an adjunctive part of the requested study program.

It is extremely important that no contradictions or confusing require-
ments exist between the Human Enginecring Section and other sections of
the RFP. The Navy human factors program manager should detect and resolve
the following types of situations:

(1) Contlicting descriptions of operator/maintainer functions and
procedures.

(2) Conflicts between reference documents (i.e., a hardware speci-
hioation may conflict with MIL-STD-1472 human engineering in certain cases).
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{3) Contflicts in terminology (i.c., human engineering terminology
for a certain type of analysis may be different from that used by the system
engineer although both are referring to the same technique).

(4) Redundant tasks which have the same ultimate purpose.

{5) Contlicts between analytic deseriptions (i.e., a function block
diagram may be at variance with other analysis charts or tables).

The above types of discrepancies occur because different people may
prepare the various parts of the RFP without sufficient time and opportunity
to communicate with each other. Although a final editor will correct many
of the inconsistencies in the final draft of the RIFP, only the technical people
really know whether the inconsistencies have been properly eliminated.

Conflict (2) above is perhaps the most confusing to the potential
study contractor and should, therefore, receive special attention. It is unfor-
tunate but true that the updating of military specifications and standards is
always behind the need. Morcover, no one knows all the specifications and
standards thoroughly, and often new ones are prepared in lieu of overhauling
ones already in existence.

It has been typical to list a group of specifications and standards
without really knowing what they contain. This should be avoided. Since
human engineering specifications and standards overlap with a great many
other non-human engineering references, there are bound to be conflictling
statements. 1Uis very important. therefore, that the Navy human factors pro-
gram manager examine all the engineering specifications and standards re-
ferenced by his engineering colleagues and identify specific points which
appear to conflict with human engineering reference documents, These con-
flicts should be resolved by deletion of one or the other (i.c., deletion of a
particular paragraph) or by supplying a statement of policy regarding
priority. Above all, do not accept the general policy that an engincering
specification always has priority over a human engineering specification (a
common practice).

4.4 PROPOSAL EVALUATION

Human engineering is but one factor of many which must be con-
sidered by the Navy in selecting a contractor for a large system task. [t
therefore does not follow that the proposal which is rated best for human
engineering will be selected; other fuctors may outweigh this one. (Of
course, no proposal which is unsatistactory from a human engineering stand-
point should be accepted without modilication even though it might rank
best with respect to other factors.) Tt is, however, important that the human
engineering factor be properly assessed so it can be given proper weight in
the overall evaluation. This subsection provides guidance which should be
useful in evaluating human engineering aspects of proposals.

4.4.1 ADVANCE PLANNING FOR PROPOSAL EVALUATION

On large systems a proposal evaluation team is selected and an
eviluation plan is prepared well in advance of the delivery of the contractor’s
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proposal. There should always be one or more human factors specialists on
the team. This may include a BUPERS representative when new selection or
training requirements are involved and a BUMED representative when there
are unique life support considerations.

Because of the magnitude of the evaluation task, contractor submittals
will generally be broken out into distinet technical and management categories,
and team members will be given those subsections which pertain to their
particular specialty: that is, human factors materials will be assigned to the
human factors specialists lor review and evaluation. [n addition, there gener-
ally are many sections of the contractor’s submittals which include human-
factors-related information which tall under a different categorical title: that
is, work station layouts may appear only in design sections, all test plans in a
general testing program section, ete. The evaluation plan must be designed
so that human factors representatives have aceess to these materials and,
therefore, can participate both as principal reviewer for specific human fac-
tors sections and as advisory reviewer for other related sections.

T PR T S M g3 Tes 0

4.4.2 PROPOSAL EVALUATION CRITERIA

B

The specitic factors to look for in the proposal may vary considerably
: depending upon type of system and phase of the development cycle. Of
course any evaluation criteria which were included in the RFP should be
utilized with their specitied weightings. Gther criteria which may be useful
are listed below,

44.21 CRITERIA RELATED TO TECHNICAL ASPECTS.

a. Completeness of the basic human engineering analysis puckage
(function, task. information tlow, OSD. time line, link, and other analyses)
provided to support the proposed baseline system(s).

b. Quality and completeness of engincering trade-ofl information
pertaining to man-machine interface definition, environmental effects
analysis, and environmental and life support engineering concepts.

¢. Quality and effectiveness of special human engineering research
study efforts and validity of the cenclusions. These studies should be judged
on the basis ol their relevance, technical approach, expected value of the re-
sults, schedule compatibility, and cost, and on whether the contractor has :
readily available facilities where required.

d. Effectiveness of proposed display-control configurations and
other man-machine interlace designs and completeness, quality, and effec- ;
tiveness ol supporting rationale and data.

¢. Adequacy of proposed concepts for design of operator wid main-
teiner work station configurations and for support equipment to be used in
maintenance and training.

I Adequacy of the personnel system manning and training analysis
and training concept.
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4.4.2.2 CRITERIA RELATED TO MANAGERIAL ASPECTS.

a. Suitability of proposed human lactors program statfing and
scheduling for the next phases of development.

The contractor’s organization should indicate (1) the priority placed
on luman engineering by the level at which his human factors program
manager appears, and (2) the probable effectiveness of his human engineering
program by how his human engineering staff is integrated throughout the
various enginecring groups. For example, if a contractor shows the entire
human engineering staff concentrated at a low organizational level, under
the control of a single engineering subsection (1LS, Reliability, Mechanical
or Electronic Design, ete.), it can be assumed the contractor does not expect
much human engineering interaction with the total system.

b. Related experience  whether the contractor has sutficient experi-
ence with similar systems and proved capability in all the technical areas re-

quired (hardware development, production, test, personnel subsystem develop-

ment, program management, ete.) and an acceptable record of cost and
schedule control.

¢. Availability of facilities which may be needed for research, simula-
tion, development, production, test, etc., in carrying out the contract.

d. Completeness of statement of work. Each proposed work task
should be clear and concise and reflect an understanding of the operational
requirement and study objectives stated in the Ri“P. Proposed work tasks
which are in addition to those requested in the RFP should be judged
on their own merits on the basis of (1) whether or not they appear 1o
contribute useful information which can further support substantiation of
the prerequisites for system acquisition, (2) whether or not the tasks will add
an unnecessary burden in terms of costs, and (3) whether or not they will
dilute ur interfere with the basic tasks delined in the REP.

e. Suitability of Schedule, Manpower, and Cost. The scheduled com-
pletion of individual human engineering tasks should indicate timely input
o odteer aspects CF the frogran Pumadn engizmoring i puds 1 sysber lewin
are of little value if the designs are completed before the inputs arrive.

4.5 HUMAN FACTORS PROGRAM PLAN

The content and scope of the human factors program plan will vary
depending upon the development effort being contracted. As an example

the typical plan for prototype development should include at least the
following:

2. A description of the system design analysis to be performed dur-
ing predesign. This should be minimal, involving only those refinements of
previous analysis necessary to define man-machine interface component
drawing requirements.




b. A description of expected design trade-off analysis to be conducted
during detailed design. This also should be minimal, involving possible rec-
ommended changes as a result of Navy evaluations.

¢. An outline of the human engineering design criteria to be used dur-
ing detailed design, including references from which the basic criteria will be
drawn. This is a human engineering reference specification tailored to the
design problems of the specific system to be developed.

d. A description of the mock-ups to be fabricated and the studies to
be performed on these mock-ups.

¢. A description of any special uman engineering research required
in support of design. This will inclvdc any additional operator performance
validation studics.

[. A description of activities required to complete development of
final task and job description. skill and knowledge information requirements,
manning estimate refinement, training concepts and plans, development of
training objectives, course materials, and (raining equipment requirements.

g. A description of major training simulator end items proposed,
training facility modifications, and design and production cost and schedule
development for training equipment,

h. A description of the proposed human engineering test and evalua-
tion plan, including tentative methods, techniques. and criteria for operator/
maintainer performance assessment, saiety evaluation, etc.

i. A work/task schedule based on the overalt program milestones and
significant end product items.

j. A description ol the proposed organization, stalting, and manage-
ment of the human factors program.

Although the program plan carries the title Human Factors, in most
ship system projects human engineering responsibilities constitute the great-
est part of the plan, In the above list, only items [ and g are not prepared by
the contractor’s human engineering staff. They are usually the responsibility
ol the contractor’s training specialist.

One additional consideration which is generally not required during
a contract definition study is a plan for monitoring the human enginecring
effort of subcontractors and vendors. The contractor should include in his
human factors program plan a special section dealing with this problem.

This is particularly important if subcontractors and vendors do not have their
own human enginecring capability.

4.6 TESTS BY THE CONTRACTOR

The primary responsibility of the system development contractor in
the test and evaluation area is to perform all those tests and evaluations nec-
essary to ensure delivery of a reliable, operable, and maintainable hardware
system which meets the functional requirements prescribed by the general
system specification.
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In addition to the contract test program, the contractor generally
assunies certain responsibilities in support of the Navy OPEVAL program
once the system is delivered for OPTEVEOR test (see section 3.4.2.2). For
example, the contractor typically provides technical personnel to hetp with
any technical problems which might occur during the tests.

Test planning and conduct of tests should be accomplished by the
contractor’s professional human engineering staff wherever possible. Nor-
mally a human engineering test plan will have been submitted as part of the
human engineering program plan (reference MIL-11-46855). Prior to
commencing testing cach proposed test identified in that original plan should
be elaborated upon to the following tevel of detail:

a. Purpose of Test

(1) General objectives (for example, to verify that system per-
sonnel can perform required tasks).

(2} Specific objectives (for example, to collect data on human
errors in task performance on the XYZ sonar).

b. Description of System Being Evaluated
{1} Equipments on which data are to be secured.
(2) Equipment tests during which data will be gathered.
(3)  Operation/maintenance tasks for which data will be gathered.
(4) Applicable operating/maintenance procedures.
¢. Data Collection Parameters or Categories ol Data Recorded (length
of work cycle, size of crew to pertorm checkout, ete.).
d. Test Criteria and Measures

(1) Criteria of test accomplishment (for example, two replications
of cach task, weapon successfully [ired, etc.).

{2) Measures to be taken (for example, start/stop time, errors,
discrepancies between operator actions and prescribed TO procedures).
e. Data Collection Mcthods
(1) Number of data coectors and where assigned.
(2) Training of data collectors (if required).
(3) Data collection schedule.
{4) Detailed data ~ollection procedures. -

(5) Data collection tools to be used (for example, questionnaires,
interview lorms, observations, and how they are to be used).

(6) Instrumentation required and how used (tape recorders,
cameras, cte. ).

f. Subjects
(1) Number.

(2) Type (characteristics, backgrourd, rating, etc.).
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£. Data Analysis 1
b

(1) Retationships which are to be tested statistically (for example, E
number of test points as related to speed of troubleshooting). -
(2)  Statistical analysis methods to be employed (Chi-square, q
regression analysis, cic.).
h. Corrective Action and Reporting Procedures :

Several types of test and evaluations may be conducted by the con- 1
tractor’s human engineers. These include: (a) mock-up time and motion K
tests: (b) operator/maintainer procedure error performance tests: (¢) work
load studies; (d) environmental stress tests: (¢j job aid evaluation: and (1) con-
trol, display. and habitabitity interface evaluations. In addition, the contrac- 3
tor’s human engineers should participate in other engineering tests wherein 4
human engineering implications are present. For example. they should parti-
3 cipate inequipment tests which provide an opportunity to measure equip-

. ment vibration and noise fevels, examine moving machinery hazards, and 4
observe assembly and disassembly procedures.

Special test facilities unique to human factors test and evaluation
should ordinarily not be required. When a contractor does have such facil-

ities already available. they should be utilized effectively: that is, the con- ’

tractor’s human factors program manager should recognize his own facility %

i capabilities and design his test program to utilize these effectively. When it 4
] dppears that a human engineering test is required and the contractor does ':
not have such a facility within his own plant, he should identify these needs b

and potential availability of such facilities elsewhere in his original proposal.
The Navy human factors manager should also assist in locating useful facil-
ities and be prepared to suggest these carly enough in the program planning

to make them available. This may be an area in which Navy laboratories can
provide assistunce.

N sses

i s biai

The more important facilities to consider in conjunction with human
engineering tests are the following:

3

]

& Darkroom for lighting and visibility tests. b

b. Dynamic visual field simulator for generating a picture of the out- '

B

stde visual environment as it changes with the motion of the operator/system. ;

¢. Dynamic motion simulator to simulate operator/system kinesthetic ;

r motion effects. E
1 d. Deep diving (water) tanks to simulate underwater environment.

¢. Environmental pressure chambers (man-rated).

3 Human engineering test and evaluation reports should be prepared ,
g and submitted to the Navy human factors program manager on a timely basis, ‘
cither as a part of periodic progress reports or as a separate report following

E a significant test event.

g
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5 4.7 CONTRACT MONITORING .
3 b
‘ . . . . . ‘
K All contracted work involving human engineering services and end
k products requires monitoring by qualified Navy representatives (o ensure
compliance with contractual provisions and applicable specifications and E

standards. b

A

4.7.1 GUIDANCE MEETING

Normally on large contracts a guidance mecting is called by the k.
Navy project manager with participation by key representatives of both the 3
Navy project office and the contractor. Both Navy and contractor human
lactors representatives should take part. 11 no overall guidance meeting is
held, then the Navy human factors representatives should set up such a meet-
; ing on human factors matters within a few weeks of award of contract. The 1
3 purpose of this meeting is to review the contractor’s human factors program, i
] particularly the human engineering effort, and to agree upon the linal scope 4
of work. At this time, modification to the program based upon deliciencies ‘
] noted by the Navy evaluations will be presented, changes in level of effort ;
_' required by negotiated budget considerations will be discussed, and new task 3
¥ recommendations or modifications in approach will be considered. The pri-
A mary constraint in these deliberations will be the budget allotment. Any

. changes in the contractor's final plan must be compatible with the negotiated
E contract budget.

S el L

The final outcome of this meeting must be an exact definition of
: agreed-upon contractor tasks, including the mandatory end product sub-
mittal requirements. I the contractual provisions are sufficiently explicit,
J there should be no mujor questions about scope and depth of effort at this ]
Y time. However, to be sure there is conimon understanding, the Navy repre- '
3 sentative should carefully review the human engineering services and end 3
; products as defined in section 4.2 above and as called out in the contract. %

4.7.2 VISITS TO THE CONTRACTOR'S PLANT

g The frequency of visits to the contractor’s plant should be determined :
in general by the magnitude of the human factors effort and the pace of the
:‘ schedule. In addition there are special times when the Navy representative
should be present, such as at formal design reviews and mock-up demonstra-
E tions and during test programs, which are discussed in separate subsections.

In routine visits the Navy representative typically will be involved with doing
the following:

R a. Reviewing progress on contracted services and end products as
b measured against schedule and cost criteria.

b. Checking for compliance with good human engineering practice as
called out in applicable specifications and standards.

: ¢. Checking on thoroughness and effectiveness of the human engi-
neering review on drawings.
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d Reviewing the human engineering file for quality ol work and
potential problems,

¢. Participating in infornial design reviews.

In all his dealings with the contractor, the Navy representative must
make certain that he offers no statements, instructions, guidance or remarks
ol any kind wlmh can be in cxprctud _Llhc contractor as a change in the
scope (_)_tiu_ contract. If it should become apparent to the NdV_V representy-
tive that a change potentially affecting scope is needed, he must report this
back through the Navy project office, which will handle all such negotiations
with the contractor.

The Navy representative should provide the Navy project office with
a trip report on cach visit to the contractor’s plint, The report should cover
a status review, alt problems encountered, and particularly any changes
needed which may change scope of contract,

4.7.3 DRAWING REVIEW

Itis mandatory that human engineering be included in the contractor’s
drawing review and sign-off cycle. (This is a MIL-H-46855 requirement.)
Many design engineers tend to resist this review (they insist such a step will
delay their drawing release schedule), yet it has been found that poor human
engineering design is likely to occur when it is not included. Human engi-
neering review of drawings need not cause delay il proper review protocol is
established. One effective method is for all drawings to have the date stamped
ot them when they must pass on to the next review group.

The contractor’s human engineers should not try to review every
drawing. Only those drawings which imply a critical human interfaee should
be checked. To determine which drawings should be reviewed, the contrac-
tor's human I'uctors program manager should obtain a copy of the drawing
relegue soltoditle, gy over 31 in detad] anad idemtily those deawings vl
appear lmpormm Il he is in doubt about a Ddl‘llul]dr drawing titie, he should
contact the responsible engineer or designer and discuss with him what will
be included on the drawing by the time H s peleascd. When it can be deter
mined that a drawing has nothing to do with operator/maintainer activity, it
should be excluded from routing through the human engineering groups.

Fur the drawing review L0 be olfective, e ooittractor's am s om
neer should have all pertinent functional information at his finger tips (func-
tional descriptions, OSDs, task descriptions, ete.). By means of something
like the human enginecring design category list prepared carlier, each draw-
ing should be checked for compliance with recognized human engineering
design principles. Noted deficiencies and recommendations for change should
be placed directly on the review copy drawing and sent through the rest of
the review cycle. The human engineer may have to consult the originating
designer before finishing the review to determine whether there were mitiga-
ting circumstances which caused abandonment of certain human engineering
principles. FFor example, it may have been necessary to lay out a panel in a
certain manner because of lack of “*behind the panel” space.
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3 :
; Care must be taken in establishing the diawing review protocol so 9
: that reeyveling includes the human engineering function. Too often = signa- (
ture is obtained on the first go-around. and later changes are made without -
A fetting human engineers review them. f
‘ One further note concerning the contractor’s drawing review involves
4 the method used to cover outside vendor or subcontractor design. The con-
tractor can accomplish this in one of two ways: (1) vendor drawings can be ;'
f submitted 1o the prime contractor for human engineering review, or (2) the ;
1 vendor or subcontractor can complete his own human engineering drawing {
; review and provide the prime contractor with documentation of the results.
] In cither case. it is extremely important that all relevant subcontractor and
prime contractor drawings be reviewed by a qualified human engineering
representative before they are released for fabrication.
) With respect to drawing review, the Navy representative’s responsi- ‘
' bilities are. of course, simply to make certain that drawing review is properly
carricd out. He can do this best by sampling drawings during his plant visits. 3
5‘ 474 FORMAL DESIGN REVIEW 4
]
Although human engineering personnel will be involved in frequent 4
in-house informal design veview sessions, this section is devoted to those key.
‘:, specific. contractually required review mectings held at specified times ;
1 between the Navy and the development contractor. Two formal customer/ ’
¢ contractor reviews are normaily included as contractual obligations for all 3
prototype model developments: Preliminary Design Review (PDR) and
Critical Design Review (CDR). These are designated as key milestones on
) the negotiated development schedule. 1
A The titles of the tormal reviews are generally self-explanatory. The 3
‘ PDR is a decision point at which the contractor’s predesign is examined in
E detail to decide whether alt parties are sitistied that detailed design work 4
should proceed. The CDR s a decision point at which detail design is g
accepted by the Navy and the contractor is permitted to proceed with ub-
3 rication. Beyond this point no major design changes should be introduced. 3
] Although the CDR is ostensibly the final formal review prior to design
4 frecze. it is possible that another similar review may be necessary. This
wotld occur it changes resulting from the initial CDR nade it necessary 10
e perform additiona! trade-oft studies and new design activity requiring another ?
i approval prior to initiation of fabrication. 1
For these reviews to be effective, both parties (Navy and contractor 3
b project stalfsh must have completed their “homework™ so they are prepared
; to discuss the design intelligently. Although the contractor should be ready ;
3 due to his day-to-day design activity, the Navy has received only bits and H
E picees ol information through nformal contracts, progress reports, ete. s i
: the contractor’s responsibility (and also to his advantage) to supply the Navy ‘
M project manager with as much backup material as possible in addition (o the :
4 ]
X ]
|
: |
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N design descriptions and drawings to be presented in the review. The contrac-
%, tor’s human factors program manager should provide a prereview package

E; including at least the following:

il

2 a. The latest versions of the functional descriptions of system

3 hardware.

1 b. The latest versions of the operator/maintainer task analysis, OSDs,
g equipment lists, manning charts, training plans, and other end product sub-

i mission items pertinent to the particular stage ol development.

3 ¢. Results of critical engineering and human factors trade-off studies,
: mock-up, and simulation studies or other supporting studies performed prior
1 to the review.

E d. Copies of any plans (preliminary or otherwise) needed to be con-

* sidered during the review.

3

£

e. Pertinent drawings, photographs, or sketches uselul in providing
the Navy's human factors program representatives a clearer picture of the
1 state of the program.

: This human fuctors prereview package should be made available to the Navy
human factors program manager no less than 2 weeks prior to the review to
allow adequate time for assimilation of the information.

In most cases PDRs and CDRs will include a mock-up demonstration
al the contractor’s facility. 1t is suggested that a demonstration plan, in-
chudig an objective checklist for mock-up evaluation, be developed and
4 distributed as part of the agenda. In this way the Navy project manager and
1 his staft will have an opportunity to suggest additional items tor the
y demonstration,
| Although the contractor has responsibility for review planning and
preparation, the actual review is generally conducted by the Navy project
manager (he is the chairman). The contractor should coordinate his proposed
review plans with the Navy project manager as carly as possible to make sure
they meet with his approval.

3 During the reviews the contractor’s human factors program manager
3 should be prepared to assist in every way possible, including: (a) oral pres-
entation ol those sections of the design elfort which are the prime responsi-
bilitics of human lactors engineering, (b) preparation of mock-ups, slides, or
other visual aids, and (c¢) provision for demonstration subjects appropriately
g supported by typical garments and life support or ather gear and equipment

' which are necessary to create a realistic demonstraiion ol the operability and

: maintainability features of the mock-ups.
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Center Numbers,”™ by Stanley Lippert, Paul Konco, and the E
HETAS Staff. This document includes DDC numbers tfor the :
above four volumes published under U.S. Army Human Engi- 3
neering Laboratories” sponsorship.

Stevenson, S. AL and Johnson, R. AL 1966 supplement to A Bibliograpiy
of Reports..(see following item),” April 1967

Stevenson, S. AL and Trygg, L. L., A Bibliography of Reports Issued by the
Behavioral Sciences Laboratory: Engineering Psychology, Training
Psychology, Environmental Stress, Simulation Techniques, and Physi-
cal Anthropology. April 1946 December 1965, Acrospace Medical

Research Laboratories. June 1966

5.7 JOURNALS AND PERIODICALS RELEVANT TO HUMAN
ENGINEERING 1

A

Acrospace Medicine

Applicd Ergonomics

Audiology

Aviation Week

Behavioral Scienee

Biomedical Engineering

Biometrika

Biophysics

Eeology

Engineering Cybernetics

Environmental Quarterly

Human Factors

IEEE Transactions. Man-Machine System
H:EE Transactions. Systems, Man, and Cybernetics
Numinative Engineering

Industrial Engincering

Information Display

Journal of Air TrafTic Control

Journal of Engincering Psychology
Journal of Experimental Psychology
Journal of Speech and Hearing Research
Journul of Verbal Learning and Verbal Behavior
Language and Speech

Light and Lighting
Noise Contrel
Operations Research
Pattern Recognition
Perception and Psychophysics

97

A & BRI TR IR 1

e s s A A st aeireininoi il
S DR D A et > ¢ -




Psychological Abstracts
Psychological Review
Simulation

Viston Research

5.8 MISCELLANEQUS

CNM Memorandum for the Deputy CNO (D), 30 April 1964, Subject:
Statement of Hunun Factors Responsibilities of CNM

General Operational Requirement 43 (Rev 10/71), Personnel Logistics

Letter CNO to CNM. OP-70112/amm Ser 612270, 27 May 1968, Subject:
Implementation of Military Specification MIL-H-463855, and Military
Standard 1472
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APPENDIX A

COMPARISON OF HUMAN AND MACHINE CAPABILITIES “.

FOR PERFORMING VARIOUS TASKS

SENSING AND MONITORING

Man

Machine

Men are poor monitors of infrequent
events or of events which oceur fre-
quently over a long period of time.

Man can interpret an input signal
even when subject to distraction,
high noise. or message gap.

Man is a selecting mechanism and
can adjust to sense specific inputs.

Machines can be constructed to
detect reliably infrequent events
and events which occur frequent-
ly over a long period of time.

Machines perform well only ina 2
generally clean, noise-free environ- 3
ment.

Machines are fixed sensing mech-
anisms, cperating only on that
which has been programmed for

g
them. 4

Man has very low absolute thresholds Machines, to have the sume capa-
for sensing {e.g.. vision, audition, bility. become extremely expen-
taction). sive.
Expectation or cognitve set may lead Machines do not exercise these b
an operator to “see what he expects processes. L
M

or wants to see.’ '
,\

INFORMATION PROCESSING .
. il

Man Machine i

Min complements the machine by
aiding in sensing, extrapolating,
decision making, goal setting, moni-
toring, and cvaluating.

Man can acquire and report informa-
tion incidental to the primary
mission.

Man can perform time contingency
analyses and predict events in unu-
sual situations.

Man generally requires a review or
rehearsal period before making deci-
sions based on items in memory.

b g ‘i'ﬁ‘i‘i&ﬁ'iﬁ‘fbﬁ'ﬂ' m"‘_é&-' b 6

Machines have no capacity lor
performance diftferent from that
originally designed.

Machines cannot do this.

Corresponding machines do very
poorly.

Machines go directly to stored in-
formation for decision.

I

9
2
i
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Man

Maclinmw

R Y PRRIPRRIY U LU PORLE IR A

Man has a bult-in response latency
ol about 200 milliseconds in a go/
no-go situation.

Man is not well adapted to o high-
speed, accurate search ot a large
volume of mformation,

Man does not always folow an
optimum striategy.

Man has an extremely limited short-
term memory Tor factual material.

Man is not well suited to data coding,
amplification, or transformation
tasks.

Human performunce is degraded by
fatigue and boredom.

Man saturates quickly in terms of the
number of things he can do and the
duration of his effort.

Fhe heman has o limited channel
capacity.

Men are subject to anxiety which
may aftect their performaney
etficien ty.

Man is dependent upon his social
environment, both present and
remembered.

Man can recognize and use informa-
tion redundancy {pattern) in the real
warld to simplity complex situations.

Mian has high tolerance for ambiguity,
uncertamty, and vagueness.

Man has excellent long-term memory
for refated events.

v 4t BB S ebsed SN AR AW

Machines need to have virtually
no response lateney.

Computers are designed to do
just this.

Machines will always Tfollow the
strategy designed into them.

Machines may have as much
short-teem (buffer) memory as
can be alforded.

Machines are well suited to these
kinds of tasks.

Machine performance is degraded
only by wearing out or by fack
of calibration,

Michines can do one thing at a
time so fast that they seem to do
many things at once for a long
period of time,

Machines may have as much
channel capacity as can be
aftorded.

Michines are not subject to this
{actor.

Machines have no social environ-
ment.

Machines have limited perceptual
constancy and are very expensive.

Machines are highly limited by
ambiguity and uncertainty in in-
pul.

Machines, to have the same capa-
bility. become extremely expen-
sive,

Lo is . 10021 bt d 270 4
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Min

Machine

Man can become highly flexible in
terms of task performance.

Man can improvise and exercise
judgment based on jong-term mem-
ory and recall.

Man can perform under transient
overload  his performance degrades
gracelully.

Man can make inductive decisions
in novel sttuations: can zeneralize.

Man can modify his performance as
a function of experience: he can
fearn "o learn.”

Man can override his own actions
should the need arise.

Min complements the machine in
the sense that lie can use it in spite
of destgn futlures, for a ditferent
task. or use it more efficienty than
it was designed for.

(CONTROL

Machines are relatively inflexiblc,

Machines cannot exercise judg-
ment: they are best at routine,
repetitive functions.

Machines stop under overload
generally fail all at once.

Machines have little or no capa-
bility for induction or generaliza-
tion.

Tral and cerror behavior is not
characteristic of machines.

Machines can do only what they
ce built to do.

Machines have no such capability.

Man

Machine

Man can generate only relatively
small forees. and cannot exert large
forces For very long or very
smoothly.

When performing a tracking task.
man requires frequent reprogram-
ming: he does best when changes
are under 3 radians/second.

Much of human mobility is pred-
icated and based on gravity re-
lationships.

Human control functions are adverse-
ly aflected by high g-forees.

Machines can generate and exert
forces as needed.

Machines do not have such hmita-
tons.

Machines may be built which
perform independently of
gravity.

Machine control functions may
be designed to be largely un-
affected by g-foree.

101




i

: Man Machine
L Humans are subject to coriolis effects. Machines are not subject to these
motion sickness, disorientation. ete. effects.
Unselected individuals differ greatly Individual differences among
among themselves. machines are small.
Human performance is degraded by Machines are fess affected by
long duty periods, repetitive tasks. long duty periods, perform _
and cramped or unchanged positions. repetitive tasks well; some may !
be restricted by position. é
: s
: 3
{ ;
l\ :
1
3
] b
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APPENDIX &

TIME-LINE ANALYSIS

Time-line analysis is o technique used to help derive human perform-
ance requirements by showing (diagramatically) the Tunctional and temporal
relationships among tasks as well as the task loadings for any combination of
Lisks.

The time-line analysis is displayed by means of a chart or series of
charts. Although numerous fornats have been deseioped and used by vari-
ous anbyses, the most usetul type is iMustrated in figure 3.10 of this guide.
ln this format it can be seen that tasks are grouped by operator and displayed
as i two-dimensional graph that indicates the estimated amount of the oper-
ator’s time which is occupied at various intervals along & common time scale.

With this tvpe of graphic the analyst can casily spot those intervals
during a mission in which a given operator may be overloaded. 1t is obvious
that an operator cannot accomplish two tasks simultancously if both occupy
asingle pereeptual-motor channel or decision-making response 1007 of the
time. The time-line chart exposes such conditions it it is properly developed.
When such conditions are spotted, it is apparent that one of two things must
be done  cither a task will have to be given to another operator or the oper-
alor must be provided some type of machine assist (e.g.. an operation
becomes autoniitie rather than manual),

The task load estimates cone from severa! sources. For example, the
task may be the same as or similar to a task required in another system which
is in actual operation. Task time information from previous systems is gen-
crally the most reliable, since it has been veritied in practice. When such
information 1s not documented. the next best source of information is from
operators who perform or have performed simitar tasks. 1t is desirable to
get estimates from several operators, since there is frequent variation in their
estimates. The human engineer generally has to probe the task question with
the operator in Fairly good detail to provide the operator with a basis upon
which to make an estimate. Tt is important. for instance, to clarify the fuct
that 1 some cases two tasks can occupy almost 1007 of the operator’s
time il one task involves a different perceptual-motor channel than the
other. Forexample, an operator can usually monitor an aural channel almost
full time and still monitor @ visual display almost full time. When experienced
operators e not available, the human engineer along with knowledgeable
cquipment engineers may have to make an “expert gaess™ about the task,
The human engineer will have to break the task down into its simplest ele-
ments and extrapolate from what he knows about division of attention on
the basis ol human performance studies.

The time line may b made up of u single, continuous chart from
beginning to end of 4 mission, or there may be several charts. cach of which
expands a particularly critical segment of the mission. The time scale should
be commensurate with task complexity:i.e., S-minute intervals may be all
that is necessary for simple tasks while S-second intervals may be required
for more complex tasks. Whatever interval is used. however, should be com-
mon for the total group of tasks and operators when they interact.
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APPENDIX C

LINK ANALYSIS PROCEDURE

Link analysis i @ technique for developing a best arrungement off
components on i control panel, functionad elements within a work station,
clements and tralTic Mow within a work area, or men and machines in o svs-
tem. This technique is used only after decisions have been made regarding
wlitt items are to be on the panel, what equipment will be vsed in the sys-
tent, how many men witl be used, ete. Thus, link analvsis is used to place
the system components, be they items on i panel or men and machine in
a work room, in the “hest arrangement™ on the basis of criteria (such as
minimum distance between men or fewest movements between men and
cquipment) important tor the system under eviduation.

The term “link™ as used here refers to any connection between a
man and o machine or between one man and another. 1 one man must
talk or physically contact another (for example. hand him a message). this
is represented by a link, I a man must see a display or reach a conirol on
a machine. he has a link to that machine. Ordinarily, any links between
machines can be o glected unless the link possesses some quality which
might cause the system to operate inefficiently (for example, exceessive
length of a hardwire connection between two machines might result in
high line loss in power). In these cases, links between machines are also
included in the link analysis.

Aty pical example of a link analysis for a system involving four
operators and four picees of equipment is shown below,

Step 1. Draw a circle for every man in the system and label it with

acode ni.,

Draw a square for every item of equipment and label it with a code

Step 2. Determine the type of link between cach of the equipments
and operators, equipmients and equipments, and operators and operators.
The different link types shonld be coded. such as:

letter:

— — —control links
visual links
. talk links
The three codes are fairly standard For link analysis use. Other codes required

can be made up by the individual doing the analysis.

Step 3. Establish the “link value™ for cach link. The link value is
based on two factors: (1) the importance of the link in accomplishing the
mission assigned to the system under evaluation, and 1) the number of times

Preceding page blank
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(frequency) the link is used in completing the mission. A number between
1 and 3 is assigned for both frequency and importance, with the highest num-
ber representing maximum importance and frequency. As an example, il a
particular control movement on the pancel is very critical in fulfilling the
equipment use (3) and frequently activated during equipment use (3), the
link value for that particular control link will be 9 (3X3). If, on the other
hand. a link is infrequently used (1) but critical when needed (3), its link
value will be 3(1X3). Thus. the fink value is found by multiplying the {re-
quency rating by the importance rating.

Selection of the frequency and importance ratings is usually bused
on past experience, cither by the individual doing the analysis or someone
famyibiar with similar systems already in use. In addition, the engincer
responsible for the equipment aesign should be of assistance.

Step 4. Prepare an analysis chart (fig. C-1) of the link values estab-
lished for the system under evaluation. For cach operator, show all the
links (with cach link value) agsociated with him. Do the same for cach picce
of cquipment. For cach operator and equipment item, add up the total of
the Tink values and write this number to the right side. This provides an
idea of the priority of equipment use and the operators most active in the
system operation.

Step S. Prepare a schematic diagram (or series of aiagrams) of pos-
sible arrangements. It is preferable to make this schematic to scale by cut-
ting components out of puper and laying them on a scaled drawing of the
space available (panel face, work space floor plan, ete.). Starting with the
operator or machine with the highest total link value, place the remaining
components around it. moving them as necessary te minimize link crossings
and shorten links, especially those with high link values. If conflicts oceur
between links. it may be necessary to reassess the original ink vatues. The
evaluation and rearrangement continues until the “best fit” solution is
obtained. Figure C-2 shows the final layout of the sample system. It shouid
be emphasized that additional changes may be required in system lavout
once full-scate mock-ups or carly hardware make actual system layout and
evaluation possible.
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Figure C-1. Sample analysis chart for link values,
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i APPENDIX D

SAMPLE HUMAN ENGINEERING CHECKLIST

VISUAL DISPLAYS

DISPLAY TYPLE. FORMAT, AND CONTENT

How appropriate to the purpose are display type. format, and content? SAT  UNSAT

Only needed information displayed

Minimum conversion and interpolation

Digital indicators it use is quantitative readout only

.
Al

Moving-pointer fixed-scale vice moving-scale lixed-pointer
GOINO-GO tor cither/or states

Suitability for both maintenance and operation

1.- Scalar dispiays for qualitative information

s redundunt inforration displayed

LOCATION OF DISPLAYS

Doces placement and grouping of displays satisy the following? SAT  UNSAT

Can be cheeked from one position

Single. simple access when located behind panels

No remaoval of parts required for use

Prime visual area reserved for frequently used displays

Related instruments grouped together

[ Lasy identification of separate groups

Arranged for sequential operation if appropriate

Acceptable parallux and shadow effects

INDICATOR LIGHTS

Indicator light use should conform to the following: SAT  UNSAT

Single function for cach light

] Clear and unambiguous labeling

A Lights for maintenance covered during normal operation

Needed labels visible at appropriate time

Positive indication of power failure

1 Easy check for operation of ali lights f

Dimming control if ambient illumination changes
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SAT  UNSAT

When necessary, legends readable when not illuminated

Flashing lights ( 2-6 Hz) for eritical alerts

Consistent ¢oler coding

Front replaceable bulbs

Apparent brightness of difterent colors balanced

Critical or emergencey lights brighter than others

Lights visible under brightest ambient illumination expected

Lamp types standardized

SCALAR DISPLAYS

Scilar displays should be considered when: SAT  UNSAT

Information shows direction and/or rate of change

& Intformation quantitative over continnous range of values
Scalar displays should provide for:

Y

In/out-of tolerance coding

Graduations fine enough for reading without interpolation

Quick. casy . und accurate reading

Immediate display of changes

Critical imits not at cither end of scale

Clear break between ends of scale for single-revolution indicators

Numvrals placed outside of graduation marks

Numerals shouid increase from left to right or bottom to top

No upside down or horizontal reading of numerals required

COLOR CODING

Color coding should use unambiguous colors which have some univer-
sally aceepted meaning

4 Color coding should indicate: SAT  UNSAT

RED  cquipmentinoperative

FLASHING RED  immediate corrective action required

AMBER  marginal, unsatisfactory. or impending emergency
condition

GREEN in-tolerance or satisfactory operation

WHITE  nothing other than displiyed by its label

Operating and danger arcas of indicators should be appropriately
coded

AR natean (3 ks S Aot Abedard Vi 225




LEGENDS AND LABELS

Legends and labels should conform to the following: SAT  UNSAT

Capitab fetters o minimum of /8 inch high

Briet. Abbreviations where used are meaningful

Location of display i Mock diagram ot equipment is indicated

Functional quantity vice just electrical characteristics identified
Single fegend displays readable when not lighted

Ltched or embossed vice stamped or printed

CATHODE RAY TUBLS

CRTs should have: SAT  UNSAT

Uniform brightness over scope face

Scope Lace perpendicular to operator’s normal line-of-sight

Maxinium 2577 sereen brightness from diffuse reflection and/or
phosphor excitation by ambient illumination

Adequate shielding for use in high ambient ilumination

Adjacent surlaces finished in dull matte

No specular reflections projected into observer's eves

COUNTERS

Use of counters should consider: SAT UNSAT

Horizontal vice vertical mounting

Change slow enough to be read

Manual reset which increases display with clockwise rotation

Significant digits displayed not greater than inputs received

FLAGS, GO/NO-GO, AND CENTER-NULL INDICATORS

These two-state type indicators consider: SAT UNSAT

High contrast between indicator and background

State change with snap action

Will not indicate in-tolerance if power fails
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CONTROLS
LOCATION
Convols should contorm to the Tollowing: SAT  UNSAT
i
Within casy reach ol operator 2
P!

Spaced for casy manipulation 3
Spaced o prevent accidental activation
Pliced in ord v of normal use
Separated from igh voltages and hot comnonents
Adjustment controls on a single puancl
No disassembly/removal of equipment for viewing/aperation
Work load distributed between right and lett hand
Front panel maintenance contiols covered when not in use

CHARACTERISTICS OF CONTROLS

Controls should have the tollowing cliaracteristios: SAT  UNSAT
Operate according to expectation (right io increase, up for on) 3
Size appropriate for torque or feree required {or operation
Precision contro! knobs about 2 inches in diameter [
Two-position toggle switches only
Toggle switch displacement great enough to indicate position
Scitles compatible vith setting aceuracy required
Audible or tactual Teedback to indicate pushbutton activation :
Pushbuttons lurge enough that finger or thumb will not shp oft ;i
Pushbutton actuation pressure not excessive or inconvenient
Smooth. even resistance exeept for detents on selector switches - y

Multiposition selector switchies cannot be left between detents

Mechanical guards or electrical interlocks on ceritical controls

Shirp edges or points avoided on controls

Indeaces or pointers clearly visible on rotary switches

Tool-operated controls operable by medium-size screwdriver
or ool

LABELING

s

Pt

Labeling should conform to the following: SAT  UNSAT

it S

Posttions for rotary switches clearly labeled

Deseriptive rather than coded

Indicates control function
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SAT  UNLAT

Numbered in sequence where fixed sequence used

Controls readily adentificd under expected operating conditions

CONTROLD DISPLAY RELATIONSHIPS

The following control display relationships should be maintained: SAT  UNSAT

Related display s and/or controls on same fuce of unit

Logical retationship i location and movement

Arrangement reflects sequence and/or frequency of use

Display castly and accurately read whien control is operated

Displayvs not obscared by control operation

Functional gzroups clearly delineated

Control display relationship is unambiguous

Directional correspondence between controls and display s

Ratio of control to dispkyy movement appropriate for tash

Adjustment or alignment possible with only one control

MAINTAINABILITY

COMPONENT 1LOCATION

Location of components should conform to the following: SAT  UNSAT

Stacking of components s avoided

Access possible without hazard te personnel

Tools and test eqaipment can be used without ditficulty

Internal controls avoid heat er dangerous voltages

Replaceable units removable through single access panel

Contamination by dirt, water, cte.is avoided

Minimum pliace-to-plce movement required during checkout

Installution behind stress members, pipes, ete., avoided

Removal of one unit does not require removal of other units

No components blocked by arge or difficult-to-reniove comiponents

Frequeney of access considered when locating units

Higher skilled help not required (0 aid in gaining access to units

Delicate components protected from damage

Blind replacement or adjustments not requiired

Heat or electricad charge not a hazard to personnel during access
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SAT  UNSAT

No interference with aceess tor tube replacement

Miniature tube sockets have same physical orientation

Sensttive adjustments protected from accidental disturbancee

Frequently removed components mounted on roll-out racks,
slides, et

COMPONENT CHARACTERISTICS

Components should conform to the following. SAT  UNSAT |
Where structuralty or functionally feasible vapid and casy removal 3
of malfunctions accomplished by one man '.
Fasy removal and replacement where isolation ot a malfunction is :
i nornil operating position is possible 4
Parts mounted on one side of asurface with associated wiring
tncluding printed or soldered circuits) on the other side &
Maxinn standardization and interchangeability within and ﬁ
between equipments

3
Functionally similar compoenents interchangeable hetween different ;
applications

Components can be cheeked and adjusted separately and connected
together with mimimum adjustment

Packaging designed with complete circuits in a single module

Repliceable component types minimized

Number of inputs and outputs for cach replaceable unit minimized

If carried or moved short distances by one man, the following
limits are not exeeeded:

Height fifted from Maximium allowable
ground (f1) weight (Ib)
1 85
2 s
3 65
4 50
) 35
RESTS AND STANDS
Are rests and/or stands provided: SAT UNSAT j
For components while they are being removed or installed |
For any test equipment, tools, and manuals which might be used - '
On which units can be set to prevent damage to delicate parts "
As part of the basic chassis

114
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COVERS., CASES. AND ACCESS DOORS

Covers, cases, and aceess doors shoutd meet the following:

I hinged. captive quick-opening Tasteners used consistent with
seeurily dand stress requirenients

Adequate swing space where hinges are used

Attached covers for plugs to keep out dirt and/or moisture

Self-supporting in the open position when not compleiely removable

Hinged at bottom or provided with mechanical tock in open
position

Acvess shaped s necessary to permit passage ol components and
tools

fnstructions lettered on hinged doors properly oriented with door

open

Minmum number of Lirge serews used where quick-opening fusten-

ers do not meet stress, pressurization, shiclding, or salety
requireiiients

Cover plate with captive quick-opening fasteners where space is
inadequate for hinged opening

No interivrence with opening or removad by structural members,
butkheads. or other components

Covers can be remeved. cacnied, and installed by one man with
common handtools

Covers provided with recessed handles

Adequate storage space in lids or covers ol test equipment for
feads, adapters., ete.

Rounded corners and edges with minimum radius of curvature
/% inch

Method of opening obvious from construction of cover or instruc-

tions attached to the outside
Secured condition obvious when the cover is in place

Screw holes farge enough for passage of 4 serew without perfect
alignment when screws must pass through covers or shields for
attachment

Improper replacement of covers impossible

Ventilation holes <mall enough to prevent inadvertent insertion of

test probes or other conductors
Cases can be lifted off units vice units lifted out of cases

Transparent window or quick-opening metal cover used for visual
inspection

Cases larger than units covered so damage to wires and components
minimized when put on and taken off
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SAT  UNSAT

Edges of accesses provided with internal fillets rubber, fiber or
plastic 1o protect technician's hands or arms

Proper orientation of components within case obvious through
design or appropriate Libels

Portable test equipment cases rectangular for casicr storage
Covers and cases have stock aumbers o aid in replacement

No more than four serews in serew-fastened aecess plates
Maximum of six fasteners (o SCCUTe i case

Same size fasteners for all covers and VISCS O G given equipment
Safety interlocks on accesses (o cquipment with high vollages
Shields or covers 1o prevent accidental contact with voltages in

excess of 40 volts, mcluding potentials on charged capacitors :

HANDLES

Units weighing more than 10 pounds or which are difficult 1o LRASP. Temove
orhold should be provided with handles meeting the following: SAT UNSAT

Located over center ol gravity to minimize tipping when lifted/
carried

Positioned for comfort

b ek 3

Provided on covers to lacilitate holding or Carrying a unit

Positioned to minimize catching on other units, wiring. or
structures

Recessed near the back of heavy units (o facilitate handling :
Recessed rather than extended to conserve space and preclude :
injurics ;
Hoist and lif't points clearly marked when handles not provided
Minimum dimensions for use by the ungloved hand:

Handle diameter %% inch under 25 pounds, Y4-3/4 if
over 25

Finger clearance 2 inches

a
3

Handle width 4% inches

LUBRICATION
—_—— p
Moving mechanical components: SAT  UNSAT }
Can be lubricated without disassembly or lubrication not required ;

] L A

Have lubricant type and frequency of lubrication on lubel at or 4
near lubrication points —— o = = R
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i COMPONENT MOUNTING
¢ Mounting of components for casy access or removal should conform to
A the following: SAT  UNSAT
Protection for casily damaged coniponents
E Coding to indicate the correct unit and its orientation for
1 replacement
Phiy sically similar but electrically noninterchangeable compoaents
] heved to prevent wrong use
J
Guide pins or equivalent for alignment
Limit stops Cwith override) on roll-out racks and drawers
Frequenthy moved units mounted on roll-out racks. slides. or hinges
g Drawers and slide-out racks can be pulled out withoat breaking
] clectrival connections
, Removal possible along o straight or shightly curved line rather than
A through an angle
; Guides, tracks. and stops provided to prevent cocking and possible
damage when removed or replaced
Field removable components replaceable with common hand tools
Opening or removal of g minimum number ot covers or panels for
removal or replacement
Maximum of Tfour screws/bolts for mounting & major component
Field replaceable units mounted to housine rather than attached to
cach other
Repliceable components are plug-tn rather than solder connected
Only interconnecting wiring and structural members permanently
attached to the unit chassis
Easily diwmaged conductors such as waveguides, high-frequency
cables, or insulated high-voltage cables protected from damage
Components of siume or similar form mounted with standard
‘ orientation vet are readily identifiable, distinguishable, and not
i physically interchangeable

Electrical components mounted on plug-in subassemblics

FFold-out construction or other special techniques used when
necessary

Where fold-out construction is used, parts and wiring positioned
to prevent damage when opening and closing assembly

Brace or other provision to hold hinged assemblics in “out’ posi-
tion during maintenance

Lights, indicators, or displays/controls for maintenance or routine
adjustments concealed during normal operations

17
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SAT  UNSAT .

Shafts or serews mounted vertical or guides provided where blind ,
7 . k.
screwdriver adjustments must be made ::

EXTERNAL ACCESSIBILITY

Location of gecesses for maintenance should consider how the equip-

ment will be installed. To case the maintenance burden, the following |
should be satistied: SAT  UNSAT
: Visual and manual accesses tor divect aceess for maintenance A
.' Access with enough room for technician’s hands or arms and an
] adequate view of what he is doing ;

Easy removal of irregular extensions such as bolts, tables, wave-
guides and hoses

Labels on accesses for clear identification in job instruction

Nomenclature ol auxiliary equipment to be used at or items acces-
sible through cach access identified by label

[ndication of recommended period for maintenance operations in
cilendar or operating time

Sliding. rotating, or hinged units to which rear access is required i
free to open full distance and remain so without hand support 4

For visual access only the tollowing should be used consistent with #
1 possible performance degradation:

Opening with no cover

Plastic window (i dirt, moisture, or foreign materials a
problem) '

Break-resistant glass (it physical wear or contact with solvent
will cause optical deterioration)
Quick-opening metal cover Gif glass does not meet stress or it
other requirements)
When aceess for tools, test heads, and service equipment is required. 4
the following practices, in order of preference, should be followed: SAT  UNSAT
Opening with no cover

Sliding or hinged cap Gt dirt, moisture, or other foreign :
materials are o problem)

Quick-opening cover plate if a cap will ot meet stress
requirements




3 INTERNAL ACCESSIBILITY

To improve access for maintenance inside equipment, the following

must be considered: SAT  UNSAT
Structural menmbers do not prevent aceess

‘ Suflicient space (o use test probes and tools without difficulty

Removal of an assembly trom a major component not necessary {0

troubleshoot the assembly -
3

Replaceable modules used 3

Ihrow-away assemblies or parts aceessible without removal ol

ather components T T

Connectors and associated labels positioned for full view

Components not sclf-checking can be checked in operating con- ;

dition without use ol special rigs and harnesses -

Check and adjustment points, cable-end connectors, and labels

are aceessible and if possible fuce the operator 1
i Technicians not required to retrace movements during checking J

due to layout S 5

Rear of plug connectors accessible for test and service, except where b
] potted, sealed, ete.

Possible to replace tubes without removing units from installation !

External indication of position for pin-insertion for tubes inserted
through small accesses te.g., matching stripes or dots)

Special guide tools provided when adjustments would be difficult
or dangerous to locate

Guide pins provided Tor alighment during mounting

Screwdriver-operated controls adjustable with the handle clear of
¢ bstructions or hazards

Units of more than 25 pounds installed within normal reach

CONDUCTORS

BINDING AND SECURING SAT  UNSAT

Conductors bound into cables and held by lacing twine r other
aceeptable means

Long internal conductors or cables secured to chassis by casily
operated cable clamps
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LENGTH

The fength of cables should be: SAT  UNSAT
Long enough so that drawers or stide-out racks can be opened

without breakimg clectrical connections

e T T TR

Adequate for cheeking functioning units i a convenient place :
or extension cables provided :

[ ong enough to permit jockeving o movenient ol components ]
when itis difficult to connect or disconnect cables

Units can be moved o a more convenient position il connecting
and disconnecting cibles difficalt when mounted

1 ead lengths approprinte to maintenance tasks and conditions

PROTTCTTON SAT  UNSAT

Cables and wires routed through holes in metal partitions protect-
ed from mechanical damage by grommets or other aceeptable means

Flectrieal cables nat routed below fluid lines

ROUTING

Rouating of cables should contorm to the following: SAT  UNSAT

Routing to prevent being wilked on or used for hand holds

Fasily aceesstble for mspection and repair

g

No need to be bentand unbent sharply when connected or

disconnected C

Cannot be pinched by doors., lids. ete. :

Not under floor boards or behind difficult-to-remove pancls i

sy passige of cables and attached connectors through walls. 2

bulkheads. ete. '

' Test ciubles not terminating on control/display panels have recep- E
y . o i S §
ticles Tocated so that they do not interfere with controls or displays ;

CODING SAT  UNSAT

i

3 Single or multiconductor lines and cables should be standardized. k
¥ coded. Tabeted. and casily identifiable throughout their length i
; FABRICATION SAT  UNSAT ;
Cuble harnesses can be fabricated and installed as i unit 3

Preformed cables with spare Teads are used when possible

Wires, harnesses, and cables minimized in nuuber by simple and
logical routing and lavout
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CONNLCTORS

To prevent maintenance errors, mismating, and cross-connection, simplily
maintenanee tasks, and safeguard equipment and personnel, the selection
and use of connectors should ineet the following:

SAT  UNSAT

Located and mounted for casy access during replacement or repair
No tools or stundard hand tools required to connect auxitiary
[ -
‘,f cquipment
k Auxiliary or test cauipment cennectors operate in a fraction of a
b turn o with o quick snap action
4 Designed to prevent excessive tightening ]
E ;
q Selt-locking plugs with safety cateh vice plugs requiring safety wire
g/ Quick and casily disconnected plugs used
;"| - . . .
Adeguate separation tor firm grasp when connecting and 3
disconnecting
L Terminals for solder connections long enough and Fur encugh ;
3 5 & 3 k
3 apart to prevent damage to neighboring terminals insulation, sur- i
s rounding material. or other parts - |
1 About 1716w pigtail on soldered leads ty simplify removal
1 .
R Damage 1o fugs prevented whaen wires are unsoldered and removed
' Stripes. arrows, or other coding of proper insertion position for :
1 Kevs or aligning pins j
I i
3 Unkeved symmetrical arrangements of aligning pins avoided f
g Aligning pins on plugs project bevond the clectricdl pins "
Female Gsocket 1y pe) recepiacles are thot™  male (pin 1y pe) 4
3 plugs are “cold” when disconnected :
3 Contuct and shorting by external objects prevented 5
Plugs and receptacles of removable equipment will disconnect ]
L hefore the cabling breaks b
g Plugs/receptacles vice pigtailing — ;
' Rapid removal Tugs used Tor screw terminals vice ring type ;
Pins on plugs clearly identified ,{
k
9 No more than three wires on any one terminal 3
. Adequate spare connector contacts provided :
8
3
" ke
4
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FASTENERS

Hand-operated fasteners are preferred, those requiring standard hand
tools are acceptable, and those requiring nonstandard tools should not
be used

COVER FASTENERS SAT  UNSAT

Maximum use ol tongue-and-slot catches

Fasteners standardized with minimum numbers. types. sizes,
torques, and tools required

MOUNTING BOLTS AND FASTENERS

Selection and use of bolts and fasteners should consider the following: SAT  UNSAT
Heads unobstructed by conmponents or structural members

Combination bolts with internal slot and hexagonal heads used

Screws with different threads are ditferent sizes to prevent strip- ]
ping when used in wrong holes

Fasten or unfusten in less than one complete turn il stress and
toad permits

Number of turns to tighten or loosen bolts minimized (less than 10)

Lxternal hexagonat head bolts for high-torque use

Semipermanent captive bolts used (e.g., with snap-on collars)

TEST POINTS

Test points should be supplied at the input and output for cach major
unit, stage, assembly, circuit, or throw-away component. Test points
should conform to the following: SAT UNSAT

e el o

Standardized

Readily accessible

Located away from hazards

Protected from damage

Sufficient strength to prevent bending

Ammeter phone jacks are of make-before-break type

Covers used when mounted on external surfaces to keep out
moisture and dirt

P

Measurements are with respect to ground, except amnieter
phone jacks

g e

e

Adjustments associated with only one control

Testing of essential waveforms possible when terminals not
readily accessible
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LOCATION AND MOUNTING

Do location and mounting conform to the following:

Internal test points clustered on the most accessible portion of
the unit

Centrally located ind grouped when possible

Access not impeded by other parts of the equipment

Located on the front pancl it test equipment uses displays on
the front panel

Connectors for signal inputs
Located on outer case when external test equipment required
Quick-disconnects to prevent unheld probes from fulling out

Barriers between terminals used as test points to prevent shorting
or contact with high voltages

Located close to the associated controls and displays
Primary points grouped in line or matrix reflecting sequence of tests
Secondary (maintenance) test points distinguishable from primary

Rewoval ol one component not required to troubleshoot another

LABELING AND CODING

Test points should be appropriately labeled by symbol, name. or ¢olor.
which conforms to the following:

Outstanding color for casy location
In-tolerance or tolerance limits indicated

Job mstructions coded to test points when full or detailed infor-
mation not provided at the test point

Unit designation marked at outputs
TEST EQUIPMENT

Selectivn. use, and provisions for test equipment should consider:
Lasily portable test equipment can be used where built-in test
equipment is not provided
Standardized to minimize requirements for specialized test
equipnent

Required inputs for atignment available in one standard signal
generator

Performance characteristics clearly specified (accuracy, calibration,
cte.)

SAT  UNSAT

3
i

3
E

SAT  UNSAT

SAT UNSAT

GRS TR

C s AT R
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INDICATORS SAT

SAT

Warning signals or salety devices provided
£SIE \

UNSAT

Adequate spice available tor use (consoles should be equipped
with trays for holding test equipment)

Spave for storing spare test cables, adapters, and tools

Fasily attached adapters provided

Checking of aecuracy and calibration is simple

Unless attachment is permanent. only a traction ol a turn required
for attachment

Readouts i divectly usable Torm

UNSAT

Luminescent markings for use in tow illumination

CONTROLS

Controls on test equipment shoutd contorm to the following: SAT

Test

Buitt-in test equipment and selector switches for monitoring
outpuls if separate display s are not provided

UNSAT

Controls susceptible to vibration or shock have positive locking
devices to retain settings

Alignment/adjustment controls neither so fine that o number off
turns required to obtain peak value nor so coarse that peak position
quickiy passed

Alignment controls permit observation of associated display during
adjustment

TEST PROCEDURLS

procedures should meet with the following requirements: SAT

Unambiguous signal at cach point when associated control ts
moved

UNSAT

Alignment procedure straightforward: e, readjustment of carlier
stage not necessary after adjusting a later stage

Signals and changes can be read while operating adjusoments
controls

”

Simple. complete, and readable instructions in view during operation

Units activated by a triggering pulse have a self-triggering capability

e
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FUSES AND CIRCUIT BREAKERS

Selection and location of fuses and circuit breakers should permit: SAT

Fasy viewing, replacement, and reactivation
Resettingreplacement unhampered by other components
Replacing/resetting without the use of tools

Determining signal source and fuse ratings through use of fabels
TOOLS

When considering the use ol tools tor maintenance. the following should
be considered SAT
Variety of tools hedd to a minimum
Special tools avoided as much as possible
Tools Tor use near high voltages adequately insuliated
Meta handles avoided o tools Tor use inextreme heat or cold
Teols have a dull finish to avoid glare in strong light
Nonsparking tools selected tor use ineaplosive atmospheres
Magnetic tools avoided for use near delicate cirenits

Specd. ratchet-typeand/or ofTset tools provided when pecessary
LABELS AND CODING

Labels and coding should contorm to the fellowing: SAT
Full identifying mformation for all units and parts

Nothidden by units and parts

Readable trom operiator’s position

Located so aperators are unlikely to use wrong control or
indicator

Labels vtehed or embossed vice painted or stamped on surfuce
Decals or stamped labels viee stencils
Meaning of colors consistent throughout the equipment

Meaning of colors explicit in job instructions and/or on a panel
of the equipment having color coding

Color coding resistant to chipping and located away Trom points
of physical wear

Unique designations Tor wires when required for tracing

UNSAT

UNSAT

UNSAT

25
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SAT  UNSAT

‘ Terminals labeled with the same code as the wire to be attached
1

Outside coverings ol parts  such as resistors, condensers, and
tubes  marked with information concerning clectrical characteristics

Transtormers, chokes, and other potted networks have cireuit
dhagrams with carrent, voltage, and impedance ratings on the outside

Corl contacts on refays clearly marked

Controls and displayy Tabeled as to function or use

SAFLTY

General satety considerations in cquipment design are: SAT  UNSAT

Appropriate safeguards against injury to personnel and/or
damage 1o equipment

Fail-sate design

Overload mdicators on major components even if it is some-
tintes desirable to keep overloaded circuits in operation

Adequate illumination for the tasks to be performed

- MATERIALS SAT  UNSAT
E Materials should not be used which., when exposed to extreme service

~ conditions. liberate gases or liquids that cony ine with the atmosphere
: to became corrosive, toxie, or combustible mixtures

FIRE AND FXPLOSION PROTECTION

To minimize fire and explosion. the following should be complied with: SAT  UNSAT

Flame arrestors on exhausts of equipment used where flammable
or explosive vapors or fumes might collect

No flammable vapors emitted during storage or operation

Fire extinguishers available where fire hazards exist

Equipment for use in vicinity of flammable gases or vapors is of an
approved explosion-proof type

PROTECTION FROM MECHANICAL HAZARDS SAT UNSAT

Protection provided from imploding cathode-ray tubes

Rounded corners on doors, covers, and cases

Protrusions avoided, padded, or conspicuousty marked

Access to moving parts is guarded
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FLFCTRICAT SAFETY

Protection of personne! from clectrical shock hazards requires.
Cheater switehes that dutomatically reset when gecess js Jdosed
i aceess for maintenanee required while equipment s cnergized

Means are provided to prevent

accidental contact with voltages in
exeess o 70 volts.

mcluding potentiais on charged capacitors
Warning indicators where mterlocks cin he by passed Tor maintenunee

External metal parts. control shalts. eres are at groundd potential
Gaards, covers, or w arning plates where potentials in eaeess of
S50Vl TS are possible

Insudat ag paint used on exposedd noncurrent-carny ing parts 1o pre-
vent them from becoming poltential electrodes
Rounded vice sharp erminals to reduce hazard of clectrical shock

Potentials i excess of 150 volgs il respect to ground remon ed

by interfocks on all decesses
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HUMAN ENGINEERING DATA ITEM DESCRIPTIONS (DIDs)
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DATA lTEM DESCR'PTION 2 IDENTIFICATION NO(S) ﬁ

LN AGENCY NUMBER
1 TITLLE ;
PLAN, HUMAN ENGINEERING PROCRAM NAVY DI-1-2104 ‘%
3 DESCRIPTION AURPOSE 4 APPROVAL DATE l}
This plan provides a description of how the contractor witl incorporate

1973 July 20
his human engineering effort inte the system developmentand acquisition. |5 i Fici 67 primMaRY

This plan includes definition of human engineering tasks, task schedule, ipegeutAit iy | USLHSH
level of effort, documentation and reporting requirements, personnel NM(AS EC OS SH)

qualification and assignment, and human entineering deliverable end items. [o vne weaumes 4
The plan provides the procuring activity with assurance of positive manage- :
ment contrel of the contractor effort. NA

H APPROVAL LIMITATION

NA
? ARPLICATION INTERRAEL 1o Sak

7.1 This data item describes data required by MIT-H-468SS, para 3.1 2,
32233224 33 3band 35

7 s _ . ) ol - W MU RENCES Mandatory ox iled

7.2 This plan constitutes the - implementing document tor contractual ok o) :
complianee of human engineering efforts. The plan identifies human MIL-11-46855 :
engineering tasks to be performed by the contractor and delineates con- MIL-STD-1472 3
tractor furmshed human engineering data. The plan will be used as a basis ;

for monitoring contractor progress and will also mdicate any need for
asststance and’or guidance from the procurnng activiiy.

3
MCSL NUMBE R(S)H ;
10781 ;
1 PREE AFCATION IS T s Y )8y, ‘
10,1 Unless otherwise indicated herem, the documents cited in this block, of the issue in effect on date of ;
invitation for ids or request for proposals, torm a part of this DID to the extent specified herein, §
3
10.2 The Human Fngineering Program Plan shall be prepared in contractor format and in accordance with 3
the requirements of MIL-H-46855, para. 3.1.2. The plan shall consist of the following sections: §
i
4. General. Description of the means by which the contractor will meet the requirements in MIL-H- ]
46855 ond the human engineering requirements in the procurement documentation. b
b. Human engineering implementation schedule. In milestone chart form show start and ¢nd dates
for cach task, points for progress reporting and/or review, and an estimate of the man-loading across the i
schedule including a percent of the total effort assigned to cach task. ;
¢. Human engineering data. Description of human engineering data to be made available to the pro-
curing activity as specified by the Contract Data Requirements List (DD Form 1423) and MIL-H-46855. :
para. 3.2.2.4, 3.3, 3.4 and 3.5, ;
d. Human engineering effort in systems analysis.
¢. Humap engineering in equipment detail design.
f. Work environment and facilities design. §
g. Human engineering in system performance, salety, design, and acceptance lest specifications, in !
accordance with MIL-H-46855, para. 3.2.2.3 and 3.2.2.4. :

h. Studies, mock-ups, and simulation. :

i. Operability/mamtainability analyses.

"t 1 7
DD '585M°”1664 5/N-0102-019-4000 PLATE NO. 19440 PAGE 1 oF _* PAGES

D-6617
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Preparation Instructions (Continved)

j. Human engineering verification, test and evaluation.

k. Human engineering program personnel qualilications. This section
will contain resumes of personnel responsible for and participating in the
human engineering program, including a complete deseription of their indi-
vidual qualifications and responsibilities.

I. Organizational structure and management relationships. Descrip-
tion of organizational structure and management retationships for accomplish-
ing human engineering including provision for control and approval (c.g..
participation in design reviews, This structure shall delineate the relations
between the contractor ard subcontractorts). In addition, the relationships

between human engineering activities and associated activities shall be detined.

This shail include integrated logistic support, logistic support analysis, design
enginecring, design work study manning, training. reaction time analysis,
habitability, safety, test and evaluation, and technical manuals.

10.3 The plan shall reflect how the contractor system design review
meelings/exercises will be used to evaluate human engineering in design.

10.4  The plan shall reffect functions and equipments to be evaluated and
procedures/techniques/checklists to be used.

10.5  The plan shall reflect how the equipment will be evaluated to deter-

mine whether human engineering design requirements specified in MIL-STD-
1472 have been met.

Page 2 of 2 Pages
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2 IDENTIFICATION NOI(S)

DATA ITEM DESCRIPTION

AGENCY NUMBER

t TirL

PLAN. HUMAN ENGINFIRING TEST NAVY DI-H-2105
¢ N SCRIPTION PURPOSE @ TAUGROV AL DATEL T T
Fhas plan deseribes in detail the contractor’s proposed test and demon 1973 July 20

stration plan which will verily the man-cquipment mterface requirements  [27000 1€t ov viians 6rRG)
. [ - HESPOTSIRILTT ¥ (USERS)
tor the operation and muntenance of the systen. as specilied by the

contract NM (AS OS Sih

6 LLC REQIIRE D

NA

HOAPBPHRCV AL LIMITATION

L N N T N S T |

T This datacitem describes the contractor's proposed plan tor complying NA
with requirements of MIL-H-4o855 parg, 3,204,324 3243, and 6,21,

-

s RIEPERENCES (Mandatory as orted o i
1l A} 1
lh\ h“”]dn Ln}“]\l““l" test l I.”‘ \lLll”\ ates o dlelIl d st pm;,l.lln Q)

be followed by the contiactor and 10 used by the procunng activity to
assiare completeness of contractor’s test program and conformancee to
contractal requirements Upon approval by the procuning activity, the .
Human Fngineenng Test Plan will supersede test and evaluation portions ol MIL-HA08S3
the Huntan Fogimeermg Program Plan tDEH-2 1040 when specified m the

Contract Data Requiremients List

T3 s dataostem s eelated 1o DEH-2THE Human | ngieering Fest
Reportoand DEEE2TT2 Homan I ngieermg Fmal Report e R

MCOSL LA E HIES)

10781

CRED AR AT T, Gt ey

101 Unless otherwise indicated herem. the documents cited i this block, of the issue in effect on date of
muitation tor bids or request tor proposals, torm a part of this DID to the extent specified herein.

102 Human Fagineermg Test Plan shall be prepared i compliance with MIL-H-46855, para. 3.2.401n
contractor lormat tor systematic and comprehensive testing necessary to verity that the system can be safely
operated. mamntamed. and supported by user persennel maccordance with contract requirements. The
Human Fngineermg Test Plan shall deseribe the approachiesy tor obtaining data and shall establish and ex-
plain all standards. tests, associated analy ses, and other means that will constitute adequate proof upon com-
pletion of the development phase that aceeptable levels of human performance. time, aceuracy. and salety
factors can be achieved in operational use under specified manning levels,

103 The Human Fogineering Test Pian shall conzist of the following sections

a. General, The detailed objectives. coneepts, and requirements tor the Human Fogineering Test Plan
Sl

shall e i accordance with MEL-H-30855, para 3.2.2.4, and shall be described with consideration being
given Lo,

(1 Updatig of human engineerig data. task performance requirements, and operating and
mamtenance task proceduares.

€2y Veritication that afl human engineering requirements, as specified by the contract. have been
implemented.

1) Adentification of potential trammg problems ond validation of the functional adequacy of
the training eqtipment, where applicable.

DD o 1 664 R - o vaGE I or b __waces
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Preparation Instructions (Continued)

b. List ol all systems, subsystems, or equipment to be tested whose

aperation and/or maintenance requires eritical human performance as defined
by MUL-H-468SS, para 6.2.1,

¢ Deseription of specific Puman engineering tests to be performed.
This deseription shall also include a hist ot other tests of interest to human
engineering (e.g.. maintainability demonstrations, 1LS reviews). Tests to be

included in the testing program shall be brielly described. The types of tests
to be deseribed include:

(1) Drawing and equipment inspections.

(2)  Human performance experimental tests,

(3 Man-machine simulation tests.

(4 Operator and maitainer mock-up evaluations/demonstration...
(51 Human engineering of technical manuals.

{O)

Selected system tests fe.g.. operational tield tests, lighting level

tests, nowse and speech mtelligibility tests, environmental control svatem
tests).

(7 Traming cquipment. imukbitor and job aid tests/ovaluations.
{8 Operator and maintainer safety.

d. Complete schedule of testing. 1 firm dutes are not known. (s shall
be stated or estimates given. The schedale shalt be prepared in milestone

chart form or other Torm as approved by the procuring activity, FPhe schedule
shall include:

(hy Date of contract award.
(25 Implementation and reporting dates for cach human engineer-
ing test conducted or monitored including CHRL item identitication.

3y Fquipment delivery dates (feasibility, prototype. preproduction.
or first article delivery).

(4
(%)

Technical manual delivery dates/validation dates.
Maintainability demonstration dates.

(6) LS review dates.

(71 Date of cach system test conducted or monitored.
(%) Date of cach special laboratory or simubation facility delivery.
(N

Date of cach trainer, training simulator, or special job aid
delivery.

10y Test focationts).

¢ Test procedures. Description of proposed human engineering test
procedures, methodotogy. and data analysis shall include:
(1) Test purpose.

(2 Detailed objectives.

Page 2 ol 4 Pages
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Preparation Instructions (Continued)

(3 Methodological approach, experimental, or test design.

{4y Apparatus, instrumentation, facilitics required.

(5)  Data acquisition techniques, methods, conditions under which
data are taken. data recording techniques, and parameters meastired.

(6)  Test eriteria (e.g.. design performance).

{7y Test subject selection, number, type, selection criteria.

(8)  Test conductor, support engineer, and technician task
responsibilitics.

(9y  Description of test reporting., anticipated results, failures,
data usage,

{. Identification of task for testing/analysis. The Human Engineering

Test Plan shalt express the requirements for testing the performance of tasks
or functions. Determining and testing critical tusks shall be given first
priority for obtaining task performance data for analysis and evaluation.
Particular attention shall be given to the consequences of critical task fatlure
in terms of:

(1) Loss or degradation of system reliability or effectiveness.

(2)  Decreased confidence in quality of system performance.

(3) Prediction of human-initiated equipment malfunctions during
the operational phase.

g. Data usage. Data usage concepts, objectives, requirements, and

plans shall be described with consideration being given to:

(1) Evaluation of human performance reliability. A description
ol a systematic method to be used for identifying and recording human-
initiated malfunctions shall be provided, showing how the data to be obtained
may be (a) correlated with equipment performance data to determine inter-
action of equipment failure and human performance and (b) converted to a
reliability index which can be related to system functions for use in predicting
system performance.

(2) Human performance quantification and evaluation. Plans
shall be described to determine (a) the extent to which cach critical task con-
tributes to system performance and (b) the minimal level of human perform-
ance required to meet system operating requirements.

(3) Probability statement. The plan shall show how human per-
formance within the system will be characterized by a probability statement
whereby human-initiated system crror and acceptable system error are com-
pared by statistical techniques.

(4) Failure analysis. Plans for incorporation of human perform-
ance evaluation in failure analysis (MIL-H-46855, para. 3.2.4.3) efforts shall
describe the basis for: (a) the limits of satisfactory human performance;
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Preparation Instructions (Continued)

{b) how these limits will be used to inlTuence system updating and modifica-
tion: (¢) how design deficiencies will be analyzed (MIL-H-46855, para
3.2.4.3) in terms of their effects on human performance.

(5) Maintenance engineering analysis. The plan shall describe
utilization of logistic support analysis data.

. Test reporting. The test plan shall describe contractor test report-
ing procedures and techniques (DIH-2111, Human Engineering Test
Report).

1. Final test report. The linal test report shall summarize results of
the individual tests. When a Human Engincering Final Report is required
(DEH-2112 Human Engineering Final Report), the final test report will be
included in the verification. test and evaluation section.

j. Human Engineering program personnel qualifications. Resumes
of personnel responsible for and participating in, conduct of human engi-
neering test planning, design, conduct, and reporting shall be provided,
inchud ng complete descriptions of their individual qualifications and
responsibilitics.

k. Organizational responsibility. Description of the contractor’s
organizational structure refative to human engineering testing program
responsibility shall be provided. This shall include a block diagram illustra-
ting lines of authority, communication, and Haison.

I. Coordination. The test plan shall be compatible with the overall
contractor test program. The plan shall describe how the human engineering
test program shall be coordinated with reliability, maintainability, training.
and integrated logistic support efforts noting, where applicable. any segment

of the human engineering program which will be conducted as a portion of
these refated programs.
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DATA ITEM DESCRIPTION

2

IDENTIFICATION NOISH

[

AGENCY NUMBER
Tt
REPORT, PERSONNILL PLANNING INFORMATION NAVY DI-H-21006
DESCIRIPTION PURPOSE 4 APPROVAL DATE
o f & o ( )
Uhis report will be used by system engineers, human factors engineers, | 1974 July 20 o e
0 - . - DFVICE OF PRIMAR Y J N o
ILS managers, and others Tor planning purposes in order to develop needed aisponsimcry (& USERS)
manpower data <o that total system manning and traming estimates can NM (AS Sil)
be made. I S
& DDC REQUIRED
NA
BOAPPROVAL LIMITATION
AR TCATION INTE kel o ALiONSHIE NA
T4 This datacitem describes data documenting a portion of the contric-
tor's elfort required by MIT-H-36855, para. 3.2.1 and 3.2.3. = S——
- 4 REFCRENCLS (Mandatorny as cited an
hlack 1)
7.2 Personnel planning information will for > hasis of the desig 3
ers _nnLl planning information |.|| l‘ T lh‘gﬁl 1sis ()l _ll_n dL“lL.IlV MIL-11-406855
approach for systems, equipment, and facilities. The definition of this NAVPERS 15105
personnel planning information is one of several system engineering tech- NAVPERS 1539
niques used to describe the svstem and major subsystems. The report will NAVPERS 15068
also be used by the Bureau of Naval Personnel in arriving at estimates of NAVPERS 18455
manpower requirements tor the new acqusition. 1t will be related to design NAVPERS 18564
. . . oy . . i —~ » ~
work study mputs and will be coordinated with reliability and maintaina-
bility inputs and used by the [LS Manager for the total Integrated Logistic
System Program Plan, MCSi NUMBE R(S)

10781

PREPZAHATION INSTRUC TIONS

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of
invitation for bids or request for proposals, form a part of this DID to the extent specified herein.

10.2 The Personne! Planning Information Report shall be prepared in compliance with MIL-1i-46855,

para. 3.2.1 and 3.2.3, in contractor format which shall provide:

a. Brief summary of the system, subsystems, and equipment.

b. Preliminary summary of the minimum quantitative and qualitative manning and training require-

ments to operate, maintain, and support the system acquisition.

¢. ldentification of special skills, knowledges, and selection requirements related to critical human
involvement.

d. Description of new equipment items (or which special skills may be required and new training
requirements foreseen.

e. Identification of special training support items: ¢.g.. simulators, part-task trainers, visual aids,
training manuals, ctc.

10.3  In defining manning considerations, the Personnel Planning Information Report shall be consistent
with the manual of Navy Officer Classifications (NAVPERS 15839), Manual of Qualifications for Limited
Duty Officers USN (NAVPERS 18564), Manual of Qualifications for Warrant Officers (NAVPERS 18455),
Manual of Qualifications for Advancement (NAVPERS 18068), and Manual of Navy Enlisted Classifications
(NAVPERS 15105).

10.4  The content of this report shall not duplicate any effort being performed by the procuring activity
and/or other contractor agencies.
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] i
s DATA 'TEM DESCRIPT'ON 2 IDENTIFICATION NCI(S)
: | AGENCY NUMBER
E'{ VoriTee T
DESIGN DOCUMENT, HUMAN ENGINEFRING NAVY DI--2107
3 DESCRIPTION PURPOSE A RvpROVAL Date by 2
" . - n . { 3
: This document describes the arrangement/layout and detail design of - ,!_?73,"| “LY;*U_ ) ]
‘ the crew station, crew station equipment, and all other equipment having " atswanmmir (& USFRS)
i an interface with the human operator(s)/maintamer(s). 1is used by th NM (AS FC SH)
3 procuring activity to: a) determine a technical approach to fayout/ e
3 . i ) ; ) a LD IRLD E
X arrangement;/detail design of the crew station(s) and all equipment, %
r (b) evaluate layout/arrangement/detail design ol crew station(s) and alt NA
equipment, (¢} evaluate erew station ingress/egress i applicable. ® APPROVAL LIM'TATION :
i
! 7 APPLICATION 1 TEWRREL AT OIS
H
- . . . . NA :
7.0 This data item describes data documenting i portion of the contrac- :
tor's effort required by MIL-H-46855, para. 3.2.1.4,3.2.2.3.2.2.3 and P STy Py T T i
35 and MIL-STD-1472, R ¥
. ~ . MIL-H-46855
7.2 This data item s related to DIFH-210Y, Task Analvsis/Task Descrip- Nk },l. .4%
. MIL-STD-1472
tion Report.

et e TR R S A TR D R

MCSL NUMRDERLS)

10781

10 PREPARATION INSTHUC TIONY

10.1

Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of
invitation for bids or request for proposals, form a part of this DID to the extent specified herein.

10.2 Tk Human Engineering Design Document shall be prepared. in contractor format, which describes
E the contractor human engineering effort regarding crew station lay out/arrangement (MIL-H-46855, para

" 3.2.1.4,3.2.2.3, and 3.5) and detail design of equipment having an operator/maintainer interface (MIL-H-
46855, para. 3.2.2 and 3.5). This report shall describe the extent to which the requirements of MIL-STD-
1472 and other applicable human engineering/design documents specified by the contract have been

incorporated into the arrangement, layout, and detail design of the crew station and all equipment having an
operator/maintainer interface.

g

10.3  The Human Engineering Design Document shall consist of the following:

a. A list of panels (e.g.. instrument panel, console panel, overlicad panel), racks, controls, displays.
and indicators existing at the time of document submission which have received human engineering approval.

JEDUEPRERERE S

b. Rationale of the human engineering layout/arrangement/detail design of the crew station(s) and
any equipment having an operator/maintainer interface. Considerations for system mission, operator task
requirements, maintenance requirements, equipment operation, and limitations imposed by the contractor
or state of the art shall be presented. Adequate narrative shall be presented on each item to familiarize the H
reader with the considerations used to reach specific design decisions (i.e., MIL-STD-1472 requirements,

]
1
results of analyses, other contract requirements, mock-up tests or mock-up board decisions, simulation, and 1
]
E
DD 5™, 1664 5/-0102:019:4000  prate ko, 19esn N cai  = IN B, arcTe |
D-6617
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Preparation Instructions (Continued)

others as applicable). Where appropriate analyses are available (DI-H-2109,

Task Analysis/Task Description Report), their recommendations shall be
incorporated, in part or whole, depending upon the criticality of the
equipment.

¢. Narrative which notes and explains any requirement to deviate
from human engineering or design requirements appropriate to the man-
machine interface.

d. Sketches, drawings, or photographs of required or anticipated
panel and rack arrangements/rearrangements or new designs/design modifi-
cations,

¢. A drawing or photograph of cach crew station design (as it exists
at the time of decument submission) which shows the location of all crew
station panels in relation Lo the seat/operator position.

I Schedule of major design reviews, demonstrations, or mock-ups
encompassing human engineering for the crew station(s) or any equipment
having an interlface with operator/maintainer.
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DATA ITEM DESCRIPTION ROENTITE B no)

AGENCY NUMBER

REPORT, HUMAN ENGINEERING MAINTINANCE/
ACCESSIBILITY DESIGN NAVY DI-H-2108

3 DESCRIPTION PURPOSE

APPROV AL DATE
This report deseribes accessibility to equipment for purpose of replace- 1973 July 20

ment, inspection, servicing, adjustment, and calibration during preventive  [v OrFice oF pPRIMARY
and corrective maintenance at the organizational fevel and especially in the ) !
maintenance of aircratt, during the intermediate and depot levels. NM (AS FC OS SH)

RFESPONSIBILITY (& US[‘RS)

DDC REQUIRED

NA

APPROVAL LIMITATION

APPLICATION INTLKREL ATIONSIORD

NA

7.1 This data item describes data documenting a portion of the contrac-

tor's effort required by MIL-H-36855, para. 3.2.2 and MIL-STD-1472, -
REFERENCUES (Mundatary as cited in
para. 5.9, Bles & 10)

7.2 This data item is related to DI-H-2104, Human Engineering Program MIL-H-46855
Plan, and DI-H-2107, Human Fagineering Design Document. This report MIL-STD-1472
1s used in the design phase by the procuring activity to ensure adequate
aceessibility to equipment.

MCSL NUMBERIS!

10781

PREPARATION INSTHUCTIONS

10.1  Unless otherwise indicated herein, the documents cited in this bluck, of the issue in effect on date of
invitation for bids or request tor proposals, form a part of this DID to the extent specified herein.

10.2  The Human Engineering Maintenance/Accessibility Design Report shall be prepared in contractor
format and describe the human engineering effort applied to ensuring the accessibility of equipment
{especially for organizational level) required by MIL-H-46855, para. 3.2.2, and MIL-STD-1472, para. 5.9,
and shall consist of the following:

a. Preliminary drawings, sketches, or photegraphs showing each equipment and its location in relation
to surrounding equipment, passageways, and structure. The drawings, sketches, or photographs shall clearly
depict the equipment (as viewed by the maintainer while performing required maintenance) from top, side,
and front views showing door and panel opening clearance of the equipment. Connectors, electrical leads,
cables, ducts, piping, etc., shall also be shown.

b. Rationale of the human engineering design of each item of equipment requiring maintenance.
Adequate narrative <hall be presented to familiarize the reader with such considerations used to reach
specific decisions such as MIL-STD-1472 requirements, results of studics, simulations, mock-ups, demonstra-
tions, and others as applicable. Where maintenance task analyses are available, they shall be incorporated in
part or whole, depending upon the criticality of rapid maintenance times and other constraints specified by
the procuring activity.

¢. Narrative describing the following:

(1) Physical size, weight, and purpose of portable support and test equipment required for per-
forming maintenance on the equipment.

DD ‘585M“1664 S/N-0102-019.4000 PLATL NO, 19448




i Preparation Instructions (Continued)

{2y Procedures involved in maintenance of cach unit of equipment.
: (3 The relation between accessibility of cach unit equipment and
f 1ty component failtire rate, servicing trequency. calibration frequeney. and
requirements tor rapid maintenance for mission essential operation,

(4 Methods used to determine aceessibility for maintenance.

d. Tdentihication of equipment accessibility wnd maintenance problem
arcas that may be anticipated.
: 103 This report shall be updated. as required. 1o indicate changes to design
f affecting the accessibility of cquipment or compliance with applicable re-
quirements for equipment design specilied by the contract.

TISPETTTATE
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E
2 IDENTIFICATION NOIS)
DATA ITEM DESCRIPTION
AGENUCY NUMRER
1 Tt
: REPORT, TASK ANATYSIS/TASK DESCRIPTION NAVY DI-H-2109
. U DESCRIPTION FOURPOSE 4 areRAvAL DatTe T T
_ . 973 Iyl D
: This report desenbes the results of fisk analyses performed by the con- ____1_’7_-‘ ! ‘_’!.{;9__ e n
4 tractor and presents task deseniptions. The purpose of the report is to " Ry (% WSERS)
4 Ao Mty .
3 stummartze the work that the operator/maintainer performs wid to provide LT ;
b _ ; ‘ 1 gl 1 NM (AS 1-C ST :
] a hasis for the design of the system, equipment, or facilities. e | —— ]
3 L DOC REQUIRED
. NA :
ti H AR RON AL LIMIT ATIOMN
) 1 AL 3 CTC AT 0t 10 T Bebeb t A Pty NA .}‘
3 T Ths datatenmy deseribes data documenting a portion ol the contrag- ;
' tor's eftort required by MU -H-A083S parg 3.2 133203 and = bl e L e -
T i W RUTUHENCE © Mandaton: as «ited in 1
SRR Moc 10) g
{
] G ! 3
9 T2 Fask Analysis ' Task Deseription Reports will be used to evaluate the MIL-H-46855 ¢
contractor’'s analyses ol men m the systen. i
4 . k4
3 T3 s datatem s related to DEH-2T04 Hoaman 1 ngmecring Program 3
t 3
3 Plan, and DI-H-2107, Human Fogimeermg Design Document i
A
£
})
3

MC S HUMEBTE RS

Pl
e

10781 :
PREE ARATIGHN IS T he 1 Yarybgt, ;;
101 Unless otherwise indicaied herein, the documents cited in this block, of the issue in effect on date of ’%
invitation tor bids or reguest for proposals, form a part of the DID 1o the extent specified herein. 3

102 The Task Analvsis/Task Deseniption Report shall be prepared in contractor selected format of flow

diagrams, tabular presentetions, and narrative. The report shall deseribe the results of the task analyses
required by MIL-H-40855 para 3.2.1.3 and shall consist of the following:

a. Summary of gross tasks identified dunng analyses performed in response to MIL-H-46855. para.
3.2 1300

b. ldentification of critical task characteristics as required by MIL-I1-46855, para, 32132010
apphicable. Supporting evidence shall be supplied it applicable. Example: The method by which an [
operator’s reaction time is estimated should be included. :

-
<

¢. The results of the operator/maintainer workload analysis — If there is more than one crew member .
imvolved in the system operation, the interaction workload of the crew members shall also be identified.

. d. Discussion of refated factors such as system or equipment performance, cost, and delivery 3
b schedule when these factors are affected by one or more of the eritival tasks. ]
. ¢. Discussions of task-related data shall be extracted from the task analyses and compiled in pre- 3
E: liminary operator/maintainer procedurally-oriented task descriptions for use in developing procedures )
3 documents, personnel planning, and system testing. 1
: 1
;
§
!
|
i
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DATA ITEM DESCRIPTION :

IDENTIFICATION NOIS)

AGENCY NUMBER
-
LI N U S

REPORT, HUMAN ENGINELERING PROGRESS NAVY DI-H-21 10

-

DESCRIPTION PURPOSE

This report describes status of the contractor’s human engineering pro-

1973 July 20
gram. Fach report is used to triansmit human engineering progress,

HESPONSIBILITY
problems, and plans tor cach suceeeding reporting period. These reports NM (AS FC OS SH)
provide evidence that human engineering considerations are retlected in =

requirements for human engineering. NA

— e T O O,
3 AIVPROVAL DATE

. . i N t :)l)(’rlllul»!ll(-l.l T
svatem design and development and indicate compliamee with contractua!

e e T ——— |
HO0FEICE OF PRIMARY

(& USERS)

HOADEROY AL LIMITATION

APBPLICATION TN TERID U AT rorannrs

T4 This data ttem desertbes data required by MIL-H-J68S5, para. NA
233203 b and 32,132

Block fu)

The reports inforn the procuning aetivity of the contractor's status
on the human engineering program detined by the contract and by the
Human Fngineering Program Plan (DEH-21040 previously submitted by the
contractor and approved by the procunng activity

MIE HA0K8SS

MO ST HUMBE RIS

10781

i BNEE ARATION %S5t ,0 7 ey

CORE ERE RO S € Mandator, tes cted an
7 hJ

10.1
invitation for bids or request tor proposals, Torm a part of this DI to the extent specitied herein.

10.2

REPORT CONTENT: Human Fagineering Progress Reports shall summarize the human engineering
work performed during the reporting period. Each report will be concise and will not repeat previously re-
ported material except for reasons of clarity. Fach report shall be in sufficient detail for the procuring
activity to ascertain whether human engineering considerations are reflected in system design and develop-
ment, verification, and test and evaluation. The Human Engineering Progress Reports shall include:

thereto shall be determined in comphiance with MIL-H-46855, para. 3.2.1.3.1 and 3.2.1.3.2.

b. Description of human engineering support of design engineering shall include:

been approved by the contractor’s human engineering group.
(2)  Summary and status of ail human engineering design recommendations.

(3) Summary of human engineering participation in design reviews.

layouts. critical situations, etc Other human engineering activities relating to design of equipment which
utilizes man as a central element shall be reported in sufficient detail to demonstrate effective integration of

the human component into the system. Results of trade-off studies during systems analysis to determine the
man-cquipment combination required.

Unless otherwise indicated herein, the documents cited i this block. of the issue in effect on date of

a. List of equipment requiring human engineering effort. The initial report shall list in priority order
the equipments/functional spaces requiring human engineering in detaifed design. The list and modifications

{1 Anannotated listing of all drawings having an impact on the man-machine interface that have

¢. A summary of detailed task analyses with emphasis on their impact on design, training, procedures,

FORM GIN-D102.019.
DD R 5“1664 J/N-0102.019-4000 P LATE NO, 19448

PAGE ‘ OF 2 PAGES

D-667

A A AN AT SR




Froparation st hons (Contimued)

4N sy of the operator/mantanes performance measures,

vertheatios: procedires and test enterian that will be atilized tor human engi-
necting Lestansd ovaliation

¢OSLtus tepar s and bina reports on hunin engineering special

stdies sicheas e kaaps st and dy nanne simalations, and other con-
tralled caperiments

FoDesetion Troas dhe Fluman Pagmeering Program Plan (DI-H-2104)
not tequrnmp additmnad tunds o1 change in conceptual scope.

¢ Sumnay of human engimeerig verification, test and evaluation
results

e Additions to or chianges o iluman engmeering data bank.

103 RIPORTFORMAT Human Fngineering Progress Reports shall be
prepared i the contractor format and shall cover the following sections:

a4 Work accomphshment this reporting period. Tasks begun or com-
pleteds signiticant resalts or compieted tasks: end item products completed
and avatlable Tor review; unusual conclusions that may portend modification
of future activities.

b. Work planned Tor next reporting period. Tasks that will be com-
pleted and/or commenced.

¢ Signiticant probiems. Tdentification of specific problems that
have occurred during the reporting period: indication of their effect on
other tasks, schedules, or costs: satislactory solutions reached.

d. Actions required of the procuring activity. ldentilication of special
requirements or problems wherein procuring activity assistance is or may be
required.

¢. Budget and schedule intormation. Summary of the human engi-

neering man-hours expended and program schedule in terms of the original
and predicted estimales.

10.4  These reports shall include additional information, sketches, drawings,
lists, ete.. as required, and provided as attachments to the basic report.

Page 2 of 2 Pages
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? IDENTIFICATION 50151 3
DATA ITEM DESCRIPTION SE— k-
AGE ML Wi MBE B
1 1 Tt - T ] b
¢ K
£ REPORT, HUMAN ENGINFERING TEFSY NANVY =200
', L s RIPTION PLURPOST 4 APPROVAL LATE L Y - |
1 . . . { B Al :.
4 Hus report will be prepared following cach major test, evaluation, or - .I.n'\ _'l,l_'l'\ '(.] . I 2
3 o . .. . tCOF1TICEL OF PRIMAFCY L : !
i demonstration and shall be submitted to e procuring activity to provide wistonsmory (& UISERR) !
B¢ cvidence that the m.‘m-cqmplncnl mterlace l'%‘(]llll'\‘lllt‘nl\ lor the operation NM (AS EC OS SH .
and nanntenance of the systemy, as specthied i the contract, have been s e - — — 4
H ¢ REQUIKED
met
M
] L] APPHROVAL LIMITAT O%
AL VLU AT« 1T bk L A S A 3
T s data teny deseribes data documenting a portion ol the contrac-
3 tor's ettort reguired by MIL-H-30833 e 3 2240 and 3 2.4, and i - 1
¢ ) odb EHENCE S Mandartary ss catenl on
A B 2 RlpR: block 1) !
A ., o _ MIL-H-46855
‘ . The Human ‘l'n):mccrl'm et Rlc;mrl desenbes i detarl the results MIL-STDH-831 A
of the contractor’s demonstration of the itemis) under test. and 1t is used 1
By the procuring actvity 1o assure that the man-equipment interface :
tequirements for the operation and niamtenance of the svstem conform to E:
the contractudl requirenients.
7.3 This dataiten s related to DEH-2105, Human Fogimeerning Test Plan.
MC 5L NUMBERtS! | ._
10781 4
¥ ERb ARCATION 1MS° hegc Tt I.
3 101 Unless otherwise indicated herem, the documents cited in this block, of the issue in effect on date of !
2 imvitation for bids or request for proposals, form a part of this DID to the extent specified herein. A
: i
- 10.2 The Human Engineering Test Report shalt be prepared in compliance with the provisions of MIL-H- b
40855, para. 3.2.2.4, and 3.2.4 and where applicable MIL-S TD-831 Tor cach major test. evaluation, or L
demonstration, k.
a. Test title and identifying number.
;
b. Type of test (see DI-H-210S, Human Engineering Test Plan, para. 10.3.¢). ]
¢. Description of test purpase, identification of test objectives, identification of equipment being
tested. if applicable. )
i
d. Description of test methods and procedures, measurement methods, criteria, apparatus, instru-
mentation, facilities, personnel. '.
¢. Description of findings, including any deficiencies noted, failures, problem areas. Reporting of :
deficiencies and failures, required by MIL-H-46855, para. 3.2.4.3, shall include: b
3 pr.o
f (1) Enumeration of cach deliciency/failure. 2
(2) Description of any contract requirement affected by the deficiency/failure. 4
(3) Complete discussion of cffects of the deficiency/failure. For deficiencies, the rationate for '
not making design changes will be included if no changes are recommended. E:
(4) Recommendations including estimate of cost and schedule. b,
- 1 ‘
DD|585M0"1664 SINL0102-019.4000 P LATE NO. 18448 PAGE | oF __ = pDu;sg‘s7 ;'
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, Preparation Instructions (Continued) 3

4 K’

: [ Implications of significant test findings for the system/equipment, 3
g Limitations of test results and suggestions for further testing.
h. Conclusions reached from the findings. ;
L Specific recommendations derived from the conclusions, with

, mdication of government or contractor organizations responsible for

: implementing recommended actions.

I
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APPENDIX F

MIL-H-46855A HUMAN ENGINEERING REQUIREMENTS FOR
MILITARY SYSTEMS, EQUIPMENT AND FACILITIES
MIL-H-46855A
2 May 1972
Superseding
MIL-H-46855, 16 Feb 1968

MILITARY SPECIFICATION

HUMAN ENGINEERING REQUIREMENTS FOR.
MILITARY SYSTEMS, EQUIPMENT AND FACILITIES

This specification is mandatory for use by all Departments
and Agencies of the Department of Defense.

1. SCOPE

1.1 This specification establishes and defines the general requirements
for applying the principles and criteria of human engineering to the
development and acquisition of military systems, equipment and facilities.
These requirements include the work to be accomplished or subcontracted
by the contractor in effecting an integrated human engineering effort.
Compliance with these requirements form the basis for including human
engineering during proposal preparation and data reporting by the
contractor (e.g., such items as flow charts, functional allocation tables,
operational sequence diagrams, link analyses, and task descriptions)
where specified by the contract. (See 6.1 for intended use.)

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on the date of
invitation for bids or request for proposal form a part of this specifi-
cation to the extent specified herein:

STANDARDS

MIL-STD-1472 - Human Engineering Design Criteria for
Military Systems, Equipment and Facilities
(Copies of specifications, standards, drawings, and publications
required by suppliers in connection with specific procurement functions
should be obtained from the procuring activity or as directed by the
Contracting Officer. )

3. REQUIREMENTS

3.1 General Requirements Preceding page blank

147
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MIL-H-46855A

3.1.1 Scope and Nature of Work. - The principles and criteria of human
engineering shall beapplied during development and acquisition of
military systems, equipment and facilities to achieve the effective
integration of man into the design of the system. Within the parameters
established by system, equipment and facilities requirements, a human
engineering effort shall be provided to improve the man-machine inter-
face and to achieve required effectiveness of personnel performance
during system operation/maintenance/control and to make economical
demands upon manpower resources, skills, training and costs. The
human engineering effort shall include, but not necessarily be limited
to, active participation in the following three major interrelated areas
of system development:

a. Analysis to identify and define system, equipment and facilities
operations, maintenance, training and control functions; to allocate
these functions to man, equipment, or man and equipment; to analyze
tasks derived from these functions; to develop human engineering design
criteria, operation and maintenance procedures, and other requirements
in the proper format and language for performance and design specifi-
cations and other documentation. Human engineering participation in
analysis begins with initial system planning and remains a significant
element of the overall analysis effort. Where system engineering is
specified by contract, the analysis requirements herein shall be
incorporated as an integral element «( the system engineering effort.
Analytical parameters shall be quantitied where possible and in a form
permitting cost effectiveness studies of the man-machine interfaces and
personnel participation in total system cperation. The identification of
human engineering high risk areas shall be initiated as part of the
analysis.

b. Design and development of equigment,procedures, work
environments and facilities associated with the system functions
requiring human performance. This includes human engineering inputs
to formulation of design concepts, system definition and detail design of
system equipment and software.

c. Test and evaluation to verify that design of equipment, software,
facilities and environment meets human engineering and life support
criteria and is compatible with the overall system requirements.

3.1.2 Human Engineering Program Plan and Other Data

3.1.2.1 Human Engineering Program Plan. - The proposed Human
Engineering Program Plan, in accordance with the requirements of this
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specification and the equipment specification, shall be submitted as

an identifiable and complete entity within the total system or equipment
project proposal. The Plan shall include a description of the tasks to be
performed, human engineering milestones, methods to be used, design
concepts to be utilized, test and evaluation program and other data in
accordance with 3.3. The Human Engineering Frogram Plan, as
approved by the procuring activity and incorporated into the contract,
will be the basis for contractual compliance. The Plan shall describe
an integrated effort within the total project; it shall provide specific
information to show what tasks the contractor will do to meet specified
human engineering requirements and when he will do these tasks.

i

P

3.1.2.2 Changes to the Human Engineering Program Plan. - The Human
Engineering Program Plan shall be changed only with procuring activity
approval. The request for change shall state what the change is, why it
is required, and its effect on system operation and maintenance, equip-
ment, facilities, cost and human performance.

g S meia A

SR I DI

3.1.2.3 Other Data.- Other technical and administirative data pertinent
to the Human Engineering Program, including progress, milestone and
failure reports furnished by the contractor as prescribed by the contract,
shall reflect consideration of the requirements herein.

3.1.3 Nonduplication. - The efforts performed to fulfill the human
engineering requirements specified herein shall be coordinated with,
but not duplicate efforts performed in accordance with other contractual
requirements. Necessary extensions or transformations of the results
of other efforts for use in the human engineering program will not be
considered duplication. Instances of duplication or conflict shall be
brought to the attention of the Contracting Officer.

3.2 Detail Requirements.- The contractor shall perform the following:

3.2.1 Analysis. - Analysis shall include application of human engineering
*echniques as follows:

3.2.1.1 Defining and Allocating System Functions. - The functions that
must be performed by the system in achieving its objective shall be
analyzed. Human engineering principles and criteria shall be applied
to specify man-equipment performance requirements for system
operation, maintenance and control functions and to allocate system
functions to (1) automatic operation/maintenance, (2) manual operation/
maintenance, or (3) some combination thereof.
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3.2.1.1.1 Information Flow and Processing Analysis. - Analyses shall
be performed to determine basic information flow and processing
required to accomplish the system objective and include decisions and
operations without reference to any specific machine implementation or
level of human involvement.

3.2.1.1.2 Estimates of Potential Operator/Maintainer Processing

programmer, decision maker, communicator, monitor) in the system
shall be identified. Estimates of processing capability in terms of load,
accuracy, rate and time delay shall be prepared for each potential
operator/maintainer information processing function. These estimates
shall be used initially in determining allocation of functions and shall
later be refined at appropriate times for use in definition of operator/
maintainer information requirements and control, display and communi-
cation requirements. In addition, estimates shall be made of the effects
on these capabilities likely to result {rom implementation or non- ._
implementation of human engineering design recommendalions. Results 3
from studies in accordance with 3.2.2.1 may be used as supportive
inputs for these estimates.

3.2.L.1.3 Allocation of Functions. - From projected operator/main-
tainer performance daty, cost diata, and known constraints, the
contractor shall conduct analyses and tradeoff studies to determine
which system functions should be machine-implemented and which should
be reserved for the human operator/ maintainer.

3.2.1.2 Equipment identification. - Human engineering principles and
criteria shall be applied along with all other design requirements to
identify and select the equipment to be operated/maintained/controlled

by man. The selected design configuration shall reflect human engineering
inputs, expressed in quantified or "best estimate" quantified terms, to
satisfy the functional and technical design requirements and to insure that
the equipment will meet the applicable criteria contained in MIL-STD-1472,
as well as other human engineering criteria specified by the contract,

3.2.1.3 Analysis of Tasks. - Human engineering principles and criteria
shall be applied to analyses of tasks,

3.2.1.3.1 Gross Analysis of Tasks. - The analyses shall provide one of
the bases for making design decisions;e. g., determining, to the extent ;
practicable, before hardware fabrication, whether system performance 3
requirements can be met by combinations of anticipated equipment and '
personnel, and assuring that human performance requirements do not

exceed human capabilities. These analyses shall also be used as basic
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information for developing preliminary manning levels, equipment
procedures, and skill training and communication requirements. Those
J gross tasks identified during human engineering analysis which are

] related to end items of equipment to be operated or maintained by man

f and which require critical (see 6.2.1) human performance, reflect
possible unsafe practices nr are subject to promising improvements in

operating efficiency shall be further analyzed, with the approval of the
procuring activity.

3.2.1.3.2 Analysis of Critical Tasks. - Further analysis of critical
tasks shall identify the : (I) information required by man, including
cues for task initiation; (2) information available to man; (3) evaluation g
process; (4) decision reached after evaluation; (5) action taken; (6) J
body movements required by action taken; (7) workspace envelope for

A man required by action taken; (8) workspace available to man; (9)

1 location and condition of the work environment; (10) frequency and

' tolerances of action; (1l) time base; (12) feedback informing man of

the adequacy of his actions; (13) tools and equipment required; (14)
number of personnel required, their specialty and experience; (15) job

, aids or references required; (17) special hazards involved; (18) operator
] interaction where more than one crew member is involved; (19)
operational limits of man (performance); and (20) operational limits

of machine (state of the art). The analysis shall be performed for all ‘
affected missions and phases including degraded modes of operation, i

i T e e e A

3.2.1.3.3 Loading Analysis. - Individual and crew workload analysis 3
shall be performed and compared with performance criteria.

3.2.1.3.4 Concurrency and Availability. - Analyses of tasks, modified SA
as required to remain current with the design effort, shall be available
to the procuring activity.,

3.2.1.4 Preliminary System and Subsystem Design. - Human engineering
principles and criteria shall be applied to system and subsystem designs
; represented by design criteria documents, performance specifications, ¥
k drawirgs and data, such as functional flow diagrams, system and sub- s
system schematic block diagrams, interface control drawings, overall
layout drawings and related applicable drawings provided in compliance :
with contract data requirements. The approval of those documents by

3 the contractor shall signify that the system and subsystem configuration
i and arrangement satisfy man-equipment performance requirements and :
~ comply with applicable criteria specified in MIL-STD-1472 as well as "
. other human engineering criteria specified by the contract.
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3.2.2 Human Engineering in Equipment Detail Design. - During detail
design of equipment, the human engineering inputs, made in complying
with the analysis requirements of paragraph 3. 2.1 herein, as well as
other appropriate human engineering inputs, shall be converted into
detail equipment design features. Design of the equipment shall meet
the applicable criteria of MIL-STD-1472 and other human engineering
criteria specified by the contract. Human engineering provisions in
the equipmentshall be evaluated for adequacy during design reviews.
Personnel assigned human engineering responsibilities by the contractor
shall participate in design reviews and engineering change proposal
reviews of equipment end items to be operated or maintained by man.
Human engineering requirements during equipment detail design are
specified in paragraphs 3.2.2.1, 3.2.2.2, 3.2.2.3 and 3. 2. 2. 4 herein.

IR O TV RO R PR G Y NG | TN e TR

3.2.2.1 Studies, Experiments and Laboratory Tests. - The contractor 3
shall conduct experiments, laboratory tests (including dynamic simu- :
lation per paragraph 3. 2. 2.1. 2), and studies required to resolve human
engineering and life support problems specific to the system. Human

f engineering and life support problem areas shall be brought to the

| attention of the procuring activity, and shall include the estimated effect
on the system if the problem is not studied and resolved. These experi-
ments, laboratory tests, and studies shall be accomplished in a timely
manner, i.e., such that the results may be incorporated in equipment
design. The performance of any major study effort shall require
approval by the procuring activity.

3.2.2.1.1 Mockups and Models. - At the earliest practical point in the
development program and well before fabrication of system prototypes,
full-scale three-dimensional mockups of equipment involving critical
human performance (such as an aircrew compartment, maintenance
work shelter, or a command control console) shall be constructed. The
proposed Human Engineering Program Plan shall specify mockups
requiring procuring activity approval and modification to reflect changes.
The workmanship shall be no more elaborate than is essential to
determine the adequacy of size, shape, arrangement, and panel content
of the equipment for use by man. The most inexpensive materials
practical shall be used for fabrication. These mockups and models

shall provide a basis for resolving access, workspace and related

human engineering problems, and incorporating these solutions into
system design. In those design areas where equipment involves critical
human performance and where human performance measurements are
necessary, functional mockups shall be provided, subject to prior ,
approval by the procuring activity. The mockups shall be available for g
inspection as determined by the procuring activity. Upon approval by é
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the procuring activity, scale models may be substituted for mockups.
Disposition of mockups and models, after they have served the
purposes of the contract, shall be as directed by the procuring activity.

3.2.2.1.2 Dynamic Simulation. - Dynamic simulation techniques shall
be utilized as a human engineering design tool when necessary for the
detail design of equipment requiring critical human performance.
Consideration shall be given to use of various models for the human
operator, as well as man-in-the-loop simulation. While the simulation
equipment is intended for use as a design tool, its potential relationship
to, or use as, training equipment shall be considered in any plan for
dynamic simulation.

3.2.2,2 Equipment Detail Design Drawings. ~ Human engineering
principles and criteria shall be applied to equipment drawings during
detail design to assure that the equipment can be efficiently, reliably
and safely operated and maintained. The following drawings are
included: panel layout drawings, communication system drawings,
overall layout drawings, control drawings and other drawings depicting
equipment important to system operation and maintenance by human
operators. The approval of these drawings by the contractor shall
signify that human engineering requirements are incorporated thereon
and that the design complies with applicable criteria of MIL-STD-1472
and other human engineering criteria specified by the contract.

3.2.2.3 Work Environment, Crew Stations and Facilities Design. -
Human engineering principles and criteria shall be applied to detail
design of work environments, crew stations and facilities to be used

by man in the system. The approval of drawings, specifications and
other documentation of work environment, crew stations and facilities
by the contractor shall signify that human engineering requirements are
incorporated thereon and that the design complies with applicable criteria
of MIL-STD-147"% and other human engineering criteria specified by the
contract. Design of work environment, crew stations and facilities
which affect human performance, under normal, unusual and emergency
conditions, shall consider at least the following where applicable:

a. Atmospheric conditions, such as composition, volume, pressure
and control for decompression, temperature, humidity and air fiow.

b. Weather and climate aspects, such as hail, snow, mud, arctic,
desert and tropic conditions,

¢. Range of accelerative forces, positive and negative, including
linear, angular and radial.
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d.  Acoustie noise (steady state and impulse), vibration, and
impact forees.

e.  Provision for human performance during weightlessness.

f. Provision for minimizing disorientation.

g. Adequate space for man, his movement, and his equipment.

h. Adequate physical, visual, and auditory links between men
and men, and men and their equipment, including eye position in
relation to display surfaces, control and external visual areas.

i, Safe and efficient walkways, stairways, platforms and inclines.

j. Provisions for minimizing psychophysiological stresses.

k. Provisions to minimize physical or emotional fatigue, or
fatigue due to work-rest cycles.

1. Effects of clothing and personal equipment, such as full and

partial pressure suits, fuel handler suits, body armor, polar clothing,
and temperature regulated clothing.

m. Equipment handling provisions, including remote handling

provisions and tools when material and environment require them,

n. Protection from chemical, biological, toxicological, radio-

logical, electrical and electromagnetic hazards.

0.

Optimum illumination commensurate with anticipated visual
tasks.

p. Sustenance and storage requirements (i.e., oxygen, water
and food), and provision for refuse mangem ent.

q. Crew safety protective restraints (shoulder, lap and leg

restraint systems, inertia reels and similar items) in relation to
mission phase and control and display utilization.

3.2.2.4 Human Engineering in Performance and Design Specifications. -
The provisions of performance and design specifications, prepared by
the contractor, shall conform to applicable human engineering criteria
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of MIL-STD-1472 and other human engineering criteria specified by
the contract.

3.2.3 Equipment Procedure Development. - Based upon the human
performance functions and tasks identified by human engineering
analyses (3. 2.1 herein), the contractor shall apply human engineering
principles and criteria to the development of procedures for operating,
maintaining or otherwise using the system equipment. This effort
shall be accomplished to assure that the human functions and tasks
identified through human engineering analysis are organized and
sequenced for efficiency, safety and reliability and to assure that the
results of this effort shall be reflected in the development of training
and technical publications. The approval of these publications by the

contractor shall signify that the human engineering requirements are
incorpcrated therein.

3.2.4 Human Engineering in Test and Evaluation. - The contractor
shall establish and conduct a test and evaluation program to: (1) assure
fulfillment of applicable requiremert s herein; (2) demonstrate confor-
mance of system, equipment and facility design to human engir.eering
design criteria; (3) confirm compliance with performance requirements
where man is a performance determinant; (4) secure quantitative
measures of system performance which are a function of man-machine
interaction; and (5) determine whether undersirable design or procedural
features have been introduced. (The fact that these functions may occur
at various stages in system or equipment development shall not preclude
final human engineering verification of the complete system. Both
operator and maintenance tasks shall he performed as described in
approved test plans during the final system test.)

3.2.4.1 Planning. - Human engineering testing shall be incorporated
into the test and evaluation program and shall be integrated into
engineering design tests, contractor demonstrations, R&D acceptance
tests and other major development tests. Compliance with human
engineering requirements shall be tested as early as possible. Human

engineering findings from early testing shall be used in planning and
conducting later tests.

3.2.4.2 Implementation. - The human engineering test and evaluation
program, contained in approved test plans, shall be implemented by

the contractor. Tes’ documentation (e.g., checklists, data sheets,
questionnaires, schedules, operating procedures, test procedures) shall
be available at the test site. Human engineering portions of all tests
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shall include, where applicable, the following:

a. A simulation (or actual conduct where possible) of mission
or work cycle.

b. Tests in which human participation is critical with respect
to speed, accuracy, reliability or cost.

c. A representative sample of non-critical scheduled and un-
scheduled maintenance tasks.

d. Proposed job aids.

e. Utilization of personnel who are representative of the range
of the intended military user population in terms of skills, size and
strength and wearing suitable military garments and equipment which
are appropriate to the tasks, and approved by the procuring activity.

f. Collection cof task performance data.

g. Identification of discrepancies between required and obtained
task performance.

h. Criteria for the acceptable performance of the test.

3.2.4.3 Failure Analysis. - All failures occuring during, or as a

result of, test and evaluation shall be subjected to a human engineering
review to differentiate between failures due to equipment alone, man-
equipment incompatibilities and those due to human error. The procuring
activity shall be notified of design deficiencies which contribute to human
error.

3.2.5 Cognizance and Coordination. - The human engineering program
shall be coordinated with maintainability, system safety, reliability,
personnel, training and other related programs, and shall be integrated
into the total system program. The human engineering portion of any
analysis, design or test and evaluation program shall be conducted
under the direct cognizance of personnel assigned human engineering
responsibility by the contractor.

3.3 Data Requirements. - All human engineering data requirements
shall be as specified by the contract (DD Form 1423).
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3.4 Data Availability. - All data, such as analyses, design review
results, sketches, drawings, checklists, design and test notes, and
other supporting and background documents reflecting human engineering
actions and decision rationale, shall be available to the procuring activity.

3.5 Drawing Approval. - Personnel assigned human engineering responsi-

bility by the contractor shall approve all drawings having an impact on the
man-machine interface.

4. QUALITY ASSURANCE

Compliance with the recuirements of this specification and other
human engineering requirements specified by the contract will ultimately
be demonstrated by the system's ability to meet its mission and
operational objectives. During the development program, compliance
with the human engineering requirements, as they pertain to system
design and effectiveness, will be demonstrated at the scheduled design
and configuration reviews and inspections.

5. PREPARATION FOR DELIVERY

This section is not applicable to this specification.

6. NOTES

6.1 Intended Use. - This specification may be invoked in its entirety

or selectively as prescribed by the procuring activity, Although intended
primarily for exploratory, advanced and engineering development, this
specification may also be applied selectively to other efforts where
applicable. The primary use of this specification for procurement dees
not necessarily preclude its utilization for in-house efforts, where
desired. Compliance with this specification will provide the procuring
activity with assurance of positive mangement control of the human
engineering effort required in the development and acquisition of military

systems, equipment and facilities. Specifically, it is intended to assure
that:

a. System requirements are achieved by appropriate use of the
human component.

b. Through proper design of equipment and environment, the man-
equipment combination performs within system tolerance limits.

c. Design features will not constitute a hazard to personnel.
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d. Trade-off points between automated vs manual operation have
been chosen for peak system efficiency within appropriate cost limits.

e. Human engineering applications are technically adequate.
f. The equipment is designed to facilitate requir ed maintenance.

g. Procedures for operating and maintaining equipment are
efficient, reliable and safe.

h. Potential error-inducing equipment design features are
minimized.

i.  The layout of the facility and the arrangement of equipment
affords efficient communication and use.

i- The contractors provide the necessary manpower and technical
capability to accomplish the above objectives.

6.2 Explanation of Terms. - For purposes ol this specification, the
following definitions are applicable:

6.2.1 Critical. - That human performance which, if not accomplished

in accordance with system requirements, wiil most likely have adverse
effects on cost, system reliability, efficiency, effectiveness, or safety.
Critical performance is usually part of a "single" line of flow in the
operation or maintenance cycle of the system. An example of a ''single"
flow involving human performance is the transmission of a message
which must be passed for operations or maintenance cycles to commence
or to continue, such as an order to prepare a missile for launching. If
this order is not passed, or if it is garbled, the entire missile operation
cycle may cease to function as required. Human performance shall also
be considered critical whenever equipment design characteristics demand
performance which exceeds human capabilities or approaches limitations
(e. g., human performance functions and tasks are too demanding, infor-
mation presented to man is inadequate to meet his performance require-
ments, appropriate information displayed is not perceived, or controls
provided cannot be efficiently cperated) and thereby significantly con-
tributes to the occurrence of one or more of the following conditions but
not necessarily limited thereto:

a. Jeopardized performance of an authorized mission.

b. Degradation of the circular error probability (CEP) to an
unacceptable level,
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c. Delay of a mission beyond acceptable time limits; e. g., human

i

time to react will not meet required system reaction time. 4

E d. Improper operation resulting in a system "no-go, " inadvertent b
3 weapons {iring, or failure to achieve operational readiness alert.
i %
i e. The exceeding of predicted times for maintenance personnel 3
3 and maintenance ground equipment (MGE) to complete maintenance 3
tasks. As a rule, performance tiries will be considered critical if the
3 total maintenance response time signticantly exceeds maintenance (
, analysis estimates, and affects MGE quantitative requirements. 3
3 f. Degradation of system equipment below reliability requirements; 3
i.e., mean time between failures (MTBF) is reduced. E

g. The damaging of system equipment, resulting either in a
return to a maintenance facility for major repair, or in unacceptable
A costs, spare requirements, or system downtime.

h. A serious compromisc of weapon system security.

i. Injury to personnel.

6.2.2 Overall Layout Drawings. - System design drawings which include ‘
; but are not limited to: (1) the configuration and arrangement of major

:_ items of equipment for manned stations, such as a pilot's or astronaut's
3 station, or launch control officer's station, or shipboard command
station; (2) the configuration and arrangement of items of equipment,
such as modular rack or maintenance ground equipment, which may not :
i be a part of a manned station for operation, but require man-equipment i
access for maintenance; (3) the arrangement of interior lighting for

operating or maintaining the equipment;and (4) labels identifying general %
panel content (e.g., flight mission panel, countdown status panel, E
.,’ communications panel, or malfunction status panel).

6.2.3 Panel Layout Drawings. - Equipment detail drawings which
include, but are not necessarily limited to : (1) a scale layout of the

3 controls and displays on each panel or an item of equipment, such as an :
astronaut's, pilot's or launch control officer's console, or shipboard

command console; (2) a description of all symbols used; (3) identification

of the color coding used for displays and controls; (4) the labeling used on

S

] each control or display; and (5) the identification of control type (e. g.,

alternate action or momentary) and a clear differentiation between controls
and indicators.
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6.2.4 System Engineering. - A basic tool for systematically defining
the equipment, personnel, facilities and procedural data required to
meet system objectives. It is an iterative process, requiring updating,
and having feedback loops to insure that each component developed
contributes to the system in meeting mission objectives. A system
engineering analysis may include, but is not necessarily limited to,

the following:

a. Preparation of functional flow block diagrams for the system.
b. Functional analysis of each flow block.
c. Preparation of system and subsystem schematic block diagrams.

d. Study of detailed functions, environment and technical design
requirements to allocate assignment of tasks to personnel, equipment,
or some combination thereof.

e. Preparation of timeline analyses (operation/maintenance/con-
trol) to determine system reaction time.

f. Preparation and analysis of maintenance loading charts to
determine equipment quantities, personnel loads and system down-time
for scheduled and unscheduled maintenance.

g. Training implications.

6.2.5 Task Analysis. - A time-oriented description of man-equipment
interactions brought about by an operator in accomplishing a unit of
work with an item of equipment. 1t shows the sequential and simul-
taneous manual and intellectual activities of man operating, maintaining
or controll ing equipment, rather than a sequential operation of the
equipment. (It is a part of system engineering analysis where system
engineering is required. )
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the requirernents of MIL-TH-46855, para. 3.1.2. The plan shall consist of the Tollowing scctions:
! a. General. Deseription of the means by which the contractor will meet the requirements in MIL-H-
4 46855 and the human engineering requirements in the procurement documentation.
i . Human engineering implementation schedule. In milestone chart form show start and end dates
for cach task. points for progress reporting and/or review. and an estimate of the man-loading across the
3 schedule including a percent of the total effort assigned to cach task,
¢. Human engineering data. Description of human engineering data to be made available 1o the pro-
b curing activity as specitied by the Contract Data Requirements List (DD Form 1423y and MIL-H-406855,
para, 3224 3.3 3.4, and 3.5,
d. Human engineering effort in systems analysis.
¢. Human engineering in equipment detaid design.
. Work envivonment and facilities design,
: g Human engineering in system performance, safety, design, and acceptance test specifications, in
3 accordance with MIEL-H-46855, para. 3.2.2.3and 3.2.2.4.
£ I Studies, mock-ups, and simulation.
B i, Operability/maintainability analyses,
8
b : e 3
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IDENTIFICA&TION HOiG)

|

DATA ITEM DESCRIPTION

AGENCY NUMBF R
R (T
PLAN, HUMAN FNGINFERING TEST NAVY P-1-2105
3 DESCR!PTION PURPOSE . 4 AT PROVAL DATE e N
This plin describes in detail the contractor’s proposed test wind demon- 1973 July 20

stration pian which will verify the man-cquipment interface requirements  [F7orrice o sRIMARY (G R)
. ] . N . el HESPONSIBILIT ¢ ’ . .
tor the operation and maintenance of the system, as specified by the

contract, NM (AS DS SHh

6 LDC RLQUIRE L

NA

I S

L] APPROVAL LIMITATION

TOAPPLICATION INTLE R L AT LOHSIHIT

7.1 This data item describes the contractor’s proposed plan lor complving NA
with requirements of MIL-H-46855, para, 3.2.2.4,3.2.4, 3.2.4.3, and 6.2.1,

o 0 d . . block 10)
7.2 The human engineering test plan delineates a detailed test program to

be followed by the contractor and it is used by the procuring activity to
assure completeness of contractor’s test program and ¢« nformance (o
contractual requirements. Upon approval by the procuring activity, the )
Fhunran Fogineering Test Plan will supersede test and evaluation portions off MIL-H-40855
the Human Fogineering Program Plan (D{-H-2104) when specified in the
Contract Data Requirements List,

23 Thas datacitemis related 1o DEH-2TTL. Humem EFogineering Fest

W R l.l'-ll ;«. (TN(‘ L's"v-,wmnljffx;;r'u.»' Crted

Report and DEFH-2T120 Human Fagineering Final Report, ol s

10781

Vb E ARATIL S e T,

100 Unless otherwise indicated herein. the documents cited in this block, of the issue in effect on date of
myitation for bids or request for proposals, fornn a part of this DID to the extent specified herein.

102 Mtuman Fagineering Test Plan shall be prepared in compliimee with MIL-H-46855, para. 3.2.4.in
contradtor format tor systematic and comprehensive testing necessary to verity that the sy stem can be safely
operiatea maintained. and stipported by user personnel in accordance with contract requirements, The
Fluman Fogineering Test Plan shall describe the approachtes) for obtaining data and shall establish and ex-
plain all standards, tests. associated analyses, and other means that wili constitute adequate prool upen com-
pletion of the development phase that acceptable levels of human performance, time. accuracy. and safety
factors can be achicved in operational use under specilied manning levels.

10.3 The Human Fngineering Test Plan shall consist of the Tollowing sections:

4. General, The detailed objectives, coneepts, and requirements for the Human Pogineering Test Plan
shall be inaccordance with MIL-H-46855, para 3.2.2.4, and shall be deseribed with consideration being
given to;

th Updating of human engineering dati, task performance requirements. and operating and
mitintenimee task procedures,

(2 Veritication that all human engineering requirements, as specitied by the contract, have been
implemented.

{31 Identification of potential training problems and validation of the functional adeguacy of
the training equipment. where applicable.
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DATA ITEM DESCRIPTION 2 R e TIOn A

AGENCY NUMBER
—l_ MILE
REPORT, PERSONNLEL PLANNING INFORMATION NAVY DI-H1-2106
3 DESCRIPTION PURPOSE

&

AP ROVAL DATE

oy 0 g 5 E ( )
Fhis report will be used by system engineers, human factors engineers, 1973 July 20

. . - . % OFFICE OF PRIMARY 0, g
LS managers. and others Tor planning purposes in order to develop needed RESPONSIBILIT Y (& USERS)
manpower data so that total system manning and training estimates can NM (AS 5H)

be made.
g ODC REQUIRED

o

NA

L] APPROVAL LIMIT ATION

7 APPLICATION INTERRLEL ATaCHSHIE

NA
7.1 This data item desceribes data documenting a portion of the contrac-
tor's effort required by MIL-I1-46855, para. 3.2 1 and 3.2.3.

‘ ".4‘1.‘, l;:l_‘nl’ £S5 1,\":!:1";;71":‘“7". Credn
block ju)

MIL-H-46855

NAVPERS 15105
NAVPERS 15839
NAVPLERS 18068
NAVPERS 18455
NAVPERS 18504

7.2 Personnel planning information will torm the basis of” the design
approach tor systems, equipment. and facilities. The definition of ths
personnel planning information is one of several system engineering tech-
niques used to deseribe the system and major subsystems. The report will
ahvo be used by the Bureau of Naval Personnel in arriving at estineites of
manpower requirements for the new acquisition. 1 will be refated to design
work study inputs and will be coordinated with reliability and maintaina-
bility inputs and used by the ILS Manager for the total Integrated Logistic
Svstem Program Plin.

MCSL NUMBERIS]

10781

' SREFARATION INSTHUCTIONS

10.1  Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of
invitation for bids or request Tor proposals, form a part of this DID to the extent specified herein.

10.2 The Personnel Planning Information Report shall be prepared in compliance with MIL-11-40855,
para. 3,200 and 3.2.3, in contractor format which shall provide:

a. Briel summary of the system, subsystems, and equipment.

b. Preliminary summary of the minimum quantitative and qualitative manning and training require-
ments to operate, maintain, and support the system acquisition.

¢. Identitication of special skills, knowledges, and selection requirements related to eritical human
imvolvement.

d. Description of new equipment items Tor which special skills may be required and new trainmg
requirements foreseen,

¢. ldentification of special training support items: ¢.g., simulators, part-task trainers, visual aids,
training manuals, etc.

10.3 In defining manning considerations, the Personnel Planning Information Report shall be consistent
with the manual of Navy Officer Classifications (NAVPERS 15839). Manual of Qualifications for Limited
Duty Ofticers USN (NAVPERS [8564), Manual of Qualilications (or Warrant Officers (NAVPERS [8455).
Manual of Qualifications tor Advancement INAVPERS 18068), and Manual of Navy Fnlisted Classilications
(NAVPERS 15105).

104 The content of this report shall not duplicate any effort being performed by the procuring activity

and/or other contractor agencies.
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] 4
1 2 IDENTIFICATION NOI{5) :
g DATA ITEM DESCRIPTION —— o
AGENCY NUMBER [,
DRENG ..
DESIGN DOCUMENT, HUMAN ENGINEERING NAVY DI-H-2107 fé
; 3 DESCRIPTION RPURPOSE 4 APNFROVAL DATE :§
4 Thi . i . . 973 1
J This document describes the arrangement/layout and detail design ol L 1973 July 20 3
: | . . a 0 g 5 — % OF FICE OF PRIMARY oS é
: the erew station, crew station equipment, and all other equipment having KESPONSIRILITY (& USERS) 1
an interface with the human operatorts)/maintainer(s). It is used by the L1 QL i
] — MEELTE A y NM (AS EC SH) E
B procuring activity to: (a) determine a technical approach to layout/ E
3 . . g ) . 6 LDEC REQUIRED o
) arrangement/detail design of the crew station{s) and all equipment, 3’4
(b evaluate layout/arrangement/detail design of crew station(s) and all NA ;
cquipment, (¢} evitluate crew station ingress/egress if applicable. TS ST o :
7 APPLICATION INTERREL AT IOMSHEE
‘ — . . . sz NA ;
4 7.1 This dataitem describes data documenting a portion of the contrac- i
{ tor's effort required by MIL-FH-46855, para. 3.2.1.4,3.2.2, 3.2.2.3, and R AT N i TN
: 35 and MIL-STD-1472. R 3
; S . . - e . MIL-H-46855
: 7.2 This data item is related to DISH-2109, Tusk Analysis/Task Descrip- 1 e
: ysisf ‘ MIL-STD-1472
s tion Reporl.
:

MC5L NUMBE R(S)

10781 ‘

‘T AU FRECARATIGH INSTHUCTIONS

‘- 10,1 Unless otherwise indicated herein. the documents cited in this block. of the issue in effect on date of

4 invitation for bids or request lor proposals, torm a part of this DID to the extent specified herein. b

X
10.2 The Human Fagineering Design Document shall be prepared. in co ntractor format, which describes

: the contractor human engineering effort regarding crew station fayout/arrangement (MIL-H-46855, para \‘
3214, 3.2.2.3 and 3.5) and detail design of equipment having an operator/maintainer intertace (MIL-H- 1
46855, para. 3.2.2 and 3.5). This report shall describe the extent to which the requirements of MIL-STD-

. 1472 and other applicable human enginecring/design documents specifice by the contract have been ;
3 incorporated into the arrangement, kiyout. and detail design of the crew station and all equipment having an :
3 operator/maintainer interface. i
B :
E 10.3  The Human Engineering Design Document shall consist of the fo lowing:

4. A list of panels (e.g., instrument panel, console panel, overhead panel), racks. controls, displays, :
and indicators existing at the time of document submission which Irave received human engineering approval.
"Af b. Rationale of the human engineering layout/arrangement/detail design of the crew station(s) and

3 any equipment having an operator/maintainer interface. Considerations for system mission, operator task f
requirements. maintenance requirements, cquipment operation, and limitations imposed by the contractor ;
or state of the art shall be presented. Adequate narrative shall be presented on cach item to familiarize the {
1 reader with the considerations used to reach specific design decisions (i.e., MIL-STD-1472 requirements. :
‘j results of analyses, other contract requirements, mock-up tests or mock-up board decisions, simulation. and
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DATA ITEM DESCR'PT'ON 2 IDENTIFICATION NO{S)
- AGENCY NUMBER
1 TITLE
REPORT, HUMAN ENGINEERING MAINTENANCE/
ACCESSIBILITY DESIGN NAVY DI-H-2108

3 DESCRIPYION FPURPOSE

4 APPROVAL DATE

This report describes aceessibility to equipment for purpose of replace- 1973 July 20
ment, inspection, servicing, adjustment, and calibre ing preventive  [5 office T
: pet servicing T lmun..‘md'ulll ration dunng]'rutn.tm ST S FR 0 SRS )
] and corrective maintenance at the organizational level an especially in the o
‘ maintenance of aircralt, during the intermediate and depot levels. NM (AS 1'C OS SH)

6 DDC REQUIRED

NA

8 APPROVAL LIMITATION

7 APPLICATION INTERREL ATIOHSHIF

7.1 This data item describes data documenting a portion ol the contrac- NA
tor’s eftfort required by MIL-H-46855, para. 3.2.2 and MIL-STD-1472,

Yy RECERENCES (Mundatory as cited
para. 5.9, block 10)

3 T2 This dataitem is related to DIH-2104, Human Engineering Program MIL-H-46855
Plan, and DI-H-2107, Human Engineering Design Document. This report MIL-STD-1472
1s used in the design phase hy the procuring activity to ensure adequate
aceessibility to equipment.

MCSL NUMBERI(S)

10781

1 PREF SRATIOM INSTRUC TIONS

10.1  Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of
A invitation for bids or request for proposals, form a part of this DID to the extent specified herein.

10.2 The Human Engineering Maintenance/Accessibility Design Report shall be prepared in contractor
E format and describe the human engineering etftort applied to ensuring the accessibility of equipment

'y tespecially for organizational level) required by MIL--46855. para. 3.2.2, and MIL-STD-1472, para. 5.9,
and shall consist of the Tollowing:

a. Preliminary drawings, sketehes, or photographs showing cach equipment and its location in relation
to surrounding equipment, passageways, and structure. The drawings, sketehes, or photographs shall clearly

3 depict the equipment (as viewed by the maintainer while performing required maintenance) from top. side.

and front views showing door and panel opening clearance of the equipment. Connectors, electrical leads.

! cables, ducts, piping. ete., shall also be shown, '
". b, Rationale of the human engineering design ol each item of equipment requiring maintenance. 3
Adequate narrative shall be presented to tumiliarize the reader with such considerations used to reach j
E specific decisions such as MIL-STD-1472 requirements, results of studies, simulations, mock-ups, demonstra-
, tions. and others as applicable. Where maintenance task analyses are available, they shall be incorporated in
3 part or whole. depending upon the criticality of rapid maintenance times and other constraints specified by i
i the procuring activity. g

¢. Narrative deseribing the following:

(1) Physical size. weight. and purpose of portable support and test equipment required for per-
. K N . I;
forming maintenance on the equipment. ;

3 FORM G n10P.019. 2
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2 IDENTIFICATION NOI(S}
DATA ITEM DESCRIPTION
AGENCY NUMBER
|_ TITLE
REPORT, TASK ANALYSIS/TASK DESCRIPTION NAVY DI-H-2109
3 OESCRIPTION PURPOSE a AFPROV AL DATE
e e g . { ;)
This report describes the results of task analyses performed by the con- 1973 July 20
A o 0 3 . g A H ol . . I ol 4 OFFICE OF PRIMARY ) opo
tractor and presents task descriptions. The purpose of the report is o HESPONSIBILIT Y (& USERS)
stmmarize the work that the operator/maintainer performs and to provide e &
uma Irize the .ll\ lh‘n ¢ operat /IAIIH]( liner ]-ul- .rl'l nd to pr NM (AS EC SH)
a basis Tor the design of the svstem, equipment, or facilities. ]
6. LDC REQUIRED 7
4
NA :
L} APPROVAL LIMITATION ‘\
7 APPILICATION INTERREL ATIOUHSHIE NA !
7.0 This dataitem deseribes dati documenting a portion of the contrac-
tor's effort required by MIL-H-46855, para. 3.2.1.3, 3.2.1.3.1, and -
1 l ,‘ B [ ;i'l‘.l‘kl.ld“L)NC Es (tMundatory as crted an
[P B ac 1
- re . - . . . i3 ;
7.2 Task Analysis/Task Deseription Reports will be used to evaluate the MIL-H-46855
contractor’s analyses of men in the systen, :
7.3 This data item s related to DI-H-2104, Human Engineering Program :
Plan, and DI-H-2107, Human Fagineering Design Document. ‘
MCSL NUMBE RS 2
10781
1 FhEF AKATION INSTHUC TIONS
101 Unless otherwise indicated herein. the documents cited in this block, of the issue in effect on date of
mvitation for bids or request for proposals. form a part of the DID to the extent specificd herein.
10,2 The Task Analysis/Task Description Report shall be prepared in contractor selected format of flow
diagrams. tabular presentations, and narrative, The report shall describe the results of the task analyses
required by MIL-H-36855, para 3.2 1.3, and shall consist of the following:
a. Summary of gross tasks identified during analyses performed in response to MIL-H-46855. para.
RIS TR
h. Tdentification of critical task characteristics as required by MIL-H-46855, para. 3.2.1.3.2,if
applicable. Supporting evidence shall be supplied il applicable. bxample: The method by which an
operator’s reaction time is estimated should be included.
¢ The results ol the operator/maintainer workload analysis [ there is more than one crew member ;
imvolved in the system operation, the interaction workload of the erew members shall atso be identificd. :
d. Discussion of related factors such as system or equipment performance, cost, and delivery j
schedule when these fuctors are affected by one or more of the eritical tasks. i
c. Discussions of task-related data shall be extracted from the task anatyses and compiled in pre- ;
liminary operator/ maintainer procedurally-oriented task descriptions for use in developing procedures !
documents, personnel planning, and system testing. :
}
1
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g
2 {IDENTIFICATION NOIS)
DATA ITEM DESCRIPTION :
AGENUY NUMBER
Y _r- TITLE
: REPOR T, HUMAN ENGINFERING PROGRESS NAVY DI-H-2110
\J
4 SO |
4 DLSCRIPTION PURFOSE 4 AVPROVAL DATE
H e o . . . . ( )
; This report deseribes status of the contractor’s human engineering pro- L_,,I,_)j}_.‘l,l_'l_-\-_‘_&, —
3 3 5 v . L0 HICE QF PRIMARY ) " -
gram. Fach report is used to transmit human engineering progress. KESPONSIBILL ¥ (& USERS)
. prablems, and plans for each suceeeding reporting period. These reports NAM (AS FC OS SH)
4 provide evidence that human engineering considerations are reflected in S S
a g . P L 0 LHC REQUIRED
3 system design and development and indicate compliance with contractual
‘ requirements for hunuin engineering, NA
":~ L] AVPROVAL LIMITATION
TOOAYPLICATION (HTERCEL AT o
- q 5 o Vo \!
5 7.1 This data item deseribes data required by MIT-I-16855, para. NA
3 233203 and 3.2.1.3.2, L =g — e 1c
; 0 RUFERENCE S (Mondatory s cated an
1 . Hlack 1)
3 7.2 The reports inform the procuring activity of the contractor’s status
!f’ on the human engineering program defined by the contract and by the MIL-H-d 0853
! Human Fogineering Program Plan (D-H-2104) previously submitted by the
i contractor und approved by the procuring activity.
:
Tacn aomnewest
10781
1 FHEF AMATION PSS Y ReJC LI,
101 Unless otherwise indicated herein, the documents cited in this block, of the issae in effect on date of
invitation Tor bids or request tor proposals, form a part of tiiis DID o the extent specified herein.
10,2 REPORT CONTENT: Human EFngineering Progress Reports shall summarize the human engineering
work performed during the reporting period. Fach report will be concise and will not repeat previously re-
ported material except for reasons ot clarity. Fach report shall be in sutficient detail for the procuring
activity to ascertain whether human engineering considerations are reflected m system design and develop-
ment, verification, and test and evaluation. The Hunun Engineering Progress Reports shall include:

4. List of ecquipment requiring human engineering cffort, The initial reportshall list in priority order
the cquipments/ functional spaces requiring human engineering in detailed design. The list and modifications
thiereto shiall be determined in complisnee with MIL-H-46855 para. 3.2.1.3. 1 and 3.2.1.3.2,

b. Description of human engineering support of design engineering shall include.

th Anannotated Disting of all drawings having an impact on the man-machine interface that have
been approved by the contractor’s human engineering group.,

(2 Summary and status of all human engineering design recommendations,

(3 Summary of human engineering participation in design reviews.,

¢ A summary ol detailed task anilyses with empliasis on their impact on design. training. procedures,
Tayouts, critical situations, ete. Other human engineering activities relating to design of equipment which
utiizes man as a central element shall be reported in sufficient  etail 10 demonstrate effective integration of
the human component into the system. Results of trade-of ' studies during systems analysis to determine the
nm-cquipment combination required,
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2 IDENTIFICATION NOIS)
DATA ITEM DESCRIPTION

_4 AGENCY NUMBER
T Tire e
REPORT, HUMAN ENGINEFERING TEST NAVY DI-H-2111
L - e o
4 CESCRIPTION FURPOSE 4 AVPROVAL DATE
- : . . . . 972 July 2
[(his report will be prepared Tollowing cach major test, evaluation, or L I_)-./.“_ baty 20
3 . N N 1 .OOFRICEL OF PRIMARY 3 5
demonstration and shall be submitted to the procuring activity to provide weseonsmuity (& USERS)
evidence that the man-cquipment interface requirements for the operation NM (AS EC OS ST
and maintenanee of the system, as specilied in the contract. have been S o e e |
= 6t LDC REQUIRED
met.

NA

b APBROVAL LIMITATION

AL AT G THRT Y B A g

NA
T This data stem deseribes data documenting a portion of the contrae-

SO etTort reamire . - SIS ro AR " Y. [y ) - e
tor's effort required by MEL-H-A6855  para. 3.2.2.4 and 3.2.4, and i T
134‘ block ()

MIL-H-46855
72 Ihe Human Fogineering Test Report deseribes in detail the results MIL-STD-831

ol the contractor’s demonstration ol the item(s) under test, and it is used
by the procuring activity to assure that the man-equipment interface
requirements for the operation and maintenance of the system conform to
the contractual requirements.

7.3 This dataitem s related to DEH-2105, Human Engineering Test Plan.

MC 5L MNUMBERI(S)

10781

chebE ARATION THS TR Ty,

T Unless otherwise indicated herein, the documents cited in this block. of the issue in effect on date of
invitation for bids or request for proposals, form a part of this DID to the extent specified herein.

10.2 The Human Engineering Test Report shall be prepared in compliance with the provisions of MiL-H-
46855, pura. 3.2.2.4, and 3.2.4 and where applicable MIL-STD-831 for cach major test. evaluation, or
demonstration,

a. Test title and identifying number,
b. Type of test (see DI-H-2H0S, Human Engineering Test Plan. Para. 10.3.¢).

¢. Description of test purpose, identification of test objectives, identification of equipment being
teseed. il applicable.

d Description of test methods and procedures, measurement methods. criteria. apparatus. instru-
mentation, facilities, personnel.

¢. Description of findings, including any deficiencies noted. failures, problem areas. Reporting of
deficiencies and failures. required by MIL-11-46855, para. 3.2.4.3_ shall include:
(1Y Enumeration of cach deficiency/lailure,
(2) Description of any contract requirement affected by the deficiency/failure.

(3) Complete discussion of effects of the deficiency/failure. For deficiencies. the rationale for
not making design changes will be included if no changes are recommended.

(4) Recommendations including estimate of cost and schedule.

to
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DATA ITEM DESCR'PT'OH 2 IDENTIFICATION NOIS)

AGENUY NUMBER

| TevL b
REPORT, HUMAN ENGINEFRING FINAL

3 ODESCRIPTINN EOREOSE

NAVY | DEH-2112
4 Al CROVAL DATE
1973 July 20

0IFICL OF PRIMARY K 3
Fhiis report summarizes contractor’s human engineering efforts during | seensisnry = (& USERS) #

design. development, verification. test and evaluation ol the system. equip- NM (AS EC OS SH)
ment. or facility. This report also documents decisions and trade-offs —

- g o o d 4 o . i L 0DC HEQUIRED
influencing design configuration. TCidentifies remaining human engineering

problems, il any. and recommends remedial action.

NA

H APPROV AL LIMITATION

7OAR RO AT B T bher A [T}

NA

7.0 This data item summarizes the contractor’s human engineering eftorts
performed under MIL-H-30855, para 3.1.2.3. o ;‘,s,;ﬂigms (Mandatory on + it 0
1 MW

3 7.2 The report will be used by the procuring activity to evaluate the MIL-H-46855
contractor’s human engineering efforts and to serve as o baseline for

application to subseqient system improventents and future procurements.

7.3 This data item s related to DEH-21040 Haman Engineering
Program Plan.

MCSI NUMBERIS)

: 10781
!

1 PREEARATION INSTHUD THIONS

101

Unless otherwise indicated herems the documents ated i this block. of the ssue i effect on date of
v itation for bids o request tor proposals. torm a part of this DID to the extent specified herein.

| 102 The Human Fogmeermg Final Report shall be prepared in compliance with MIL-H-46888 pary 3123
3 n contractor tormat wineh stall
: a Desaribe the systenn by major stem. and outhine the activaties performed and results achieved m

accordance with the contract and the Human Eogmeermg Program Plan tDI-H-2104).

L’.

F b Summarze human cagmeermg nput to the tollowing areas i
E 3
E p
] (1 barapment detal design K
k: 21 Waork cnvirpnmient, Laabities desien and safety X

|
i 13 Contractor prepared system performance and design speciheations, and sceeptance T

R 4

: test specthications ?
A 41 Reports ol subcontractors human engineenng activities
E 31 Studies 5
3 th Desemoreview E
-8 . X 3
k. 7y Vethieation, test atid evaduation. |
- . :

; ¢ Desanbe remammye human engimeerig problems it any L and recommended remedial action 1
(. 3

k

3 o Prowade human engieenny recommendations tor system mmproveme its and or future
A 3
procurenicnts ;
'(A .
8 3
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