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PREFACE 

The Human linginecring Guide lo Ship System Development (here- 
after called ill: Guide for brevity) has been prepared to assist Navy and con- 
tractor personnel in planning, managing, and carrying out human engineer- 
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 desigi. 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. 

HE Guide is not a 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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i.O INTRODUCTION 

1.1    HUMAN LNCJINEERING: THE DHSICN-ORIENTEI) ASPECT OE 
HUMANlACTORS 

Human iMiiuneerinj;, HIV support, and personnel sckMion ami Iraining 
loL-'ila-r conslilulc the field oriumian factors. Ilunian enpineerinp consists 
of those aspects of the luunan factors field which arc design-oriented: pri- 
mary emphasis is on the design of system equipment for effective interfacing 
with human operators, maintainers, and users. Human engineering involves 
determining man's capabilities ami limitations as they relate to the opera- 
tion, maintenance, and use of Navy ei|uipmeiil ami then applying this knowl- 
edge to the planning, design, ami testing of each system to ensure efficient, 
rdiahlc, ami safe operation by the human operator.* The aim of human 
engineering is to ensure the level of man-machine system performance need- 
ed for mission success. 

Naval Material Command policy requires that the human element of 
Navy systems shall undergo the same development, test, and evaluation steps 
that equipment elements of the same system undergo. Human factors, then, 
is an essential part of all Navy system development and avquisition effort. 
In carrying out this policy, the assistance of two bureaus outside the Naval 
Material Command and the SYSCOMs is enlisted. IHll'I'RS provides sup- 
port in personnel selection and training, and BUMI'I) in life support. 

To some degree human engineering, selection, and training can be 
traded off with one another. That is, in order to attain a given level of per- 
formance from a man-machine system, a deficiency in any one of these three 
areas may be at least partially compensated for by the other two. For 
example, if 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-offs, the position 
taken in HE (iuide is that human engineering should never be neglected, 
with the expectation of salvation through compensatory trades. The reason 
ii that human engineering is done once by a small corps of personnel and 
the total dollar figure is small. Selection and training, however, apply to 
much larger populations with a contimiing cost impact throughout the 
operational life of the system. Therefore, compensating for inadequate 
human engineering by using either 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. 

*AllluHigli the term "luiinaii ciiginoeiing" is fairly standard in Navy use, other terms some- 
what simitar in meaning are sometimes used. Thus, stich terms as hiolechmilugy, lumian 
laclors. peisoniiel subsystems, ergonomics, and man-machine relations are often used to 
describe activities which in this guide arc considcied to be luunan engineering, 
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Although all three human factors fields are involved in ship system 
development, 111: (iuide directly addresses only the role of human engineer- 
ing. The interfacing relationships with life support and personnel selection 
and training are. however, indicated at appropriate points to encourage 
effective interaction among all human factors personnel. 

I BENEFITS FROM SYSTEMATIC HUMAN FN(iINEERING 

The payoff in coiulucliiiL' a syslemalic human engineering program 
is realized in improved system performance, leduci'd liammg cost, improved 
manpower utili/alion, fewer enors and act idenh, icdna d maintenance costs. 
higher prohabihty of mission success, and impitncd use! acceptance. With- 
out applying a syslemalic human cngineeimg pingiam, allamment of an 
effective ship system is forluitivus and impmhahle 

Failure to apply systematic human .■ii|.,ineetiii|j can he costly 
research indicates that typicalh up In-ll).' ol nil ship syslem malfunctions 
are attribuhhlc to human error.*  I vvn increasing automation ol shi|i sys- 
tems does not eliminate (he application ol human engineering programs, 
since man is still involved as a user and mamlamei, 

To ma.\imi/e the payoffs previously cited, human engineering must 
be applied throughout the ship syslem life cycle.  It starts with inputs to 
planning documents and continues throughout concept formulation, contract 
definition, engineering development and production, test and evaluation, 
and finally fleet operations. 

1.3   REQUIREMENT FOR HUMAN ENGINEERING 

The requirement to involve human engineering in all ship system 
development programs and projects is rooted in instructions, specifications, 
standards, etc., as well as in the technical nature of modern naval man- 
machine systems. 

1.3.1   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 engineering in Navy programs. The key instruction applicable 
to Navy projects is NAVMATINST 3900.9 of 29 September 1970, 'Tinman 
Factors." 

In addition to these instructions, there are military specifications and 
standards devoted exclusively to defining human engineering requirements 
and providing human engineering design criteria. These specifications and 
standards are applied to all Navy system development and procurement 
efforts, regardless of whether they are performed in-house or contracted for 
from outside sources. (See MIL-1I-46855A in appendix F.) 

*PickieI. E.W., and McDonald, T.A., "Qimivlificalinn of Human Performance in Large, 
Complex Systems," liaman factors, 1%4, 6. 647-662 
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finally. Ihm' exists a scries of human engineering design guides, man- 
uals, and standards that are frequently included as controlling documents in 
development programs. 

1.3.: RIXH'IRI-MHNTS GHNKRATHIJ BY SYSTHM COMPLEXITY 

Those involved in ship system projects clearly recognize the trend 
toward more complex, sophisticated, and increasingly capable ship systems. 
Any new naval system, regardless of its technical superiority, is useless unless 
it can be operated, maintained, and supported by existing manpower. Thus, 
as system complexity increases, more and more emphasis must be placed on 
designing systems around the human operator/maintainer. keeping in mind 
those functions he performs well and those he does not. 1 ven though a 
new system may have excellent hardware reliability, it will not have satislac- 
tory overall reliability unless human reliability \< also assured. 

This increasing reali/ation 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 Navy to the use of human engineering in all phases of new system 
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 engineeriig the systems with man as 
an integral part    not an addition to them at some postdesign period. 

1.4   HE GUIDE 

1.' I OBJECTIVES 

HE Guide has been prepared for use by the System Commands 
within NAVMAT. their supporting laboratories and shipyards, and their 
contractors as a guide for incorporating and managing human engineering 
efforts in development of ship systems. HE Guide is concerned primarily 
with methodology, documentation, program requirements, available 
resources, and organizational approaches to ensure proper and adequate 
application of human engineering 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 
system. Management responsibility for ensuring that human engineering is 
properly accomplished in a development program ultimately rests with the 
program manager. Eor this reason, the program manager needs to know 
what human engineering is, where it fits in the development cycle, how to 
plan and arrange for human engineering support, what it costs, what it con- 
tributes, and. finally, how to evaluate a human engineer's product. There- 
fore, a basic 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 following specific objectives: 

a. Standardize procedures. Extensive experience with human engi- 
neering technology and methods has been accumulated by the Navy over the 
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past years,  i \|KTk'iuv has shown lhal to I'usuiv applicatitm ofluiiiiaii cniii- 
iK\'iiiiu at the appropriate times in a ship system development cycle, a need 
exists for Ibrmulizing and standardi/ing human engineering participation.  I5y 
relerring to this guide, each project manager, regardless of project si/e or 
nature, can clearly identify where human engineering should be included in 
this project. 

b. Optimize use of resources. Because of limited sources of money, 
manpower, and facilities, there is always considerable competition for 
resources among ship system development projects. Utilizing 111* (luide. 
the project manager can now more accurately establish his human engineer- 
ing requirements in terms of when human engineering should be used, who 
should do the job, and what it will cost him. 

c. Orient new personnel. Although not intended as a textbook. Ill* 
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 sped Hi';» lions. The triserviee human 
engineering specification. MIL-H-4bK55, "Human I'ngineering Requirements 
for Military Systems, Kquipment and Facilities," was published in February 
l%cS and revised in May I1'?]/'   Until that time, each service had its own 
human engineering specification. The triserviee specification makes human 
engineering mandatory in development of military equipment, systems, and 
facilities.  HI* Guide supplements M1L-H-46X55 and aids program and project 
management personnel in determining the scope and depth of human engi- 
neering support programs which should be written into contract specifications. 

e. Improve system effectiveness. Human engineering is aimed at 
enhancing system effectiveness, and 1IF. Guide is a tool to this end. Con- 
sistent use of HI* Guide along with the triserviee specification and appro- 
priate standards should result in improved man-machine systems in terms 
of performance and cost effectiveness. 

1.4.2 SCOPI* 

111- Guide covers system development from requirements determina- 
tion to fleet operation, identifying for each phase the factors which are 
important in successfully implementing human engineering in ship systems. 
I IF. Guide does not contain specific human engineering design criteria, since 
this information is provided in M1L-STI)-I472 and elsewhere. Neither does 
11F Guide cover the research 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 area irrespective of their 
professional backgrounds. 

*Rdercncc:i In all specilicalions and slamiards in iliis guide are with respect to (he original 
issue; users should he sure to ulili/.e the latest issue in effect. 
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lit- (riiitk' docs nol spccilically address human engineering: in ship 
aaiuisition prajirams. A separate lumiaii engineering dnenment, a pari of 
llie Ship Life Cycle Man;igeinenl (SI,CM) support manual series, will eover 
unique human engineering requiivmenls in ship aequisilion programs. 

In order lo provide universal appliealion. ill: (luide has been prcparec 
lo cover large-scale syslem developmenls (those systems costing over S50 
mill..in  lV,r l) l.M  million for \{&l) programs. S2ü() million To 

r iiroduction projects), A project 
engineer overseeing the smaller project can selectively eliminate Iho 
of the III-, (luide applicable only to large-scale developmenls. 

se sections 
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2.0 ROLE OF HUMAN ENGINEERING IN SYSTEM DEVELOPMENT 

2.1   OVERVIEW OF HUMAN ENGINEERING 

2.1.1 WHY HUMAN l-NGINOERiNC? 

Tile need for human engineering in the Navy is based on the fact that 
the science of man and his capabilities must keep pace with, and be included 
in, the hardware design technology ii system el't'ectiveness is to be maximized. 
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 
man and his equipment by combining them in such a way as to optimize the 
man/niachine/envirünmenl 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 engineering 
for mechanical or electrical functions. 

2.1.2 BASIS FOR HUMAN HNGINFERING 

In the past, engineers responsible for design of new systems have some- 
times failed to use human '.-ngmeers, citing three major reasons. Nrst, the 
design engineer is a human being and thus can reasonably know what a man 
can and cannot do. Secondly, with or without human engineering, the 
operator/maintainer of the system will adapt to it eventually regardless of 
its design. Finally, human engineering costs money which can be better spent 
on hardware acquisition. None of these are legitimate reasons for omitting 
human engineering from a development project. 

As noted in a later section, ultimate responsibility for ensuring that 
human engineering gets into the system design does, in fact, rest with the 
design engineer. But simply being human does not qualify him as a human 
engineering expert. Human engineering over the years lias become a separate, 
distinct profession complete with methods, research data, and criteria. The 
design engineer should be aware of what human engineering is, and where it 
should be used in his particular project. He should solicit help from the 
human engineer when such input is required. He should not attempt to do 
the human engineering himself. 

Because man is so adaptable, many previous Navy systems which had 
little or no human engineering included in their design have operated success- 
fully. However, the costs in terms of personnel selection, training, system 
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 expense (usually over 50% of the life cycle cost) in operat- 
ing and maintaining a Navy weapon or support system. If the system can be 
designed to lower the training requirements or make available a larger inven- 
tory of available opcrators/maintainers, then system manpower costs can 
be reduced. 

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

Preceding page blank 
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cITicienci is not achieved, even though the system m.muges to operate at 
some lesser level of peiformance. 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 minimi/.e overall systnu costs. 

2,1.3 WHHNTÜ IX) HUMAN HNCilNHHRING 

To be maximally elTective, human engineering must be included in 
the system development cycle from requirements determination through 
licet operation,  it is 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- 
tematic, specialized attention. System development 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 " 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 excessive manpower costs. 
Human engineering application early in system development would have 
precluded the need for these added costs and, in many cases, delays in 
making the system available to the fleet. 

J.I.4 WHO DOHS HUMAN HNGlNHHRlNG'i 

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 the 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. It is important, 
therefore, that program 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. It is particularly 
important to be very clear about the scope and depth of human engineer- 
ing services specified in contractual documents. 
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.5 WHAT DO HUMAN HNGINHHRS DO'.' 

HiiiiKin eiigincL'rs coiuiuct research, establish design criteria, and 
assist in developing sysieni hardware, software, and support facilities all 
properly engineered for effective human use.  In collahoration with hard- 
ware engineers, human engineers seek to develop new and improved man- 
equipnient interface that will simplify opcrator/maintainer tasks and increase 
probability of mission success. They seek to achieve displays that will most 
effectively present information to the human senses, to obtain the most 
efficient controls for human operation, and to create an optimum work 
environment. Because the successful design of a system 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 
comfort, safety, and freedom from environmental stress. Such studies 
include both basic and applied experimental research, ulili/ing scientific 
methodology to collect quantifiable data. These studies attempt to control 
conditions and manipulate variables in such a way that cause-and-eflecl 
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 equipment. Together they use this knowledge to create a man- 
machine system which combines the best of both. 

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 NAVM AT 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 
elements 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. As a 
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 each 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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hurnan engineering specifications and providing, therefore, a single triservice 
human engineering specification. 

This specification establishes and defines the general requirements 
for applying human engineering principles and criteria to the development of 
military systems, equipment, and facilities, it is 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- 
ect; however, it is the responsibility of each project manager, through his 
human engineering staff, 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 IV1IL-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. 

2.2.3 STANDARDS 

The one standard most widely used in ship system development pro- 
grams is MIL-STD-1472, "Human Engineering Design Criteria For Military 
Systems. Hquipment and Facilities." As the name implies, this standard 
provides specific human engineering design criteria for such things as visual 
and auditory displays, controls, labeling, anthropometry (body dimensions), 
operating environment, workspace, and control panel layouts. MIL-STD- 
1472 is a contractually binding document. 

Although MiL-STD-1472 is the prime human engineering design 
standard, others are commonly referenced for ship development programs. 
These include NAVWFPS OD-1X413A. "Human Factors Design Standards 
for the Fleet Ballistic Missile Weapon System." and MIL-STD-470, "Main- 
tainability Program Requirements for Systems and Equipments." The 
decision to use standards supplementary to MIL-STD-1472 should be left 
to the Navy's human engineering staff for each particular project. 

2.2.4 AUTHORIZED DATA LIST AND DATA ITEM 
DESCRIPTIONS 

The Navy Authorized Data List (NADL) is a listing of significant 
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 Item Descrip- 
tions (DIDs) describe the data item to be furnished in terms of content, 
instructions for preparation, format, and intended use. Specific DIDs are 
called out in contracts requiring data submittals UJ end products. NADL 
DIDs pertinent to human engineering are included as appendix E. 

18 

■.,^,,^.il..-...v>1^-./^-/tr;.^,Ji^^^ 



«^■■7;^«j(^r!S^KpH^«!5e^mffW?^'!!"Wpiv WW 

2,2,5 REPORTS, MANUALS, AND BOOKS 

Besides the previously listed instructions, specifiaitions, and stand- 
ards, there are a miinher of reports, manuals, and books which contain 
human engineering design criteria. Frequently one or more of these items 
are referenced in an RFP. This is particularly true of two books: "Human 
Hngineering (iuide to Hquipment Design" and "Human Engineering Guide 
for Hquipment 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 

2.3.1 ADMINISTRATIV!- POSITION 

To adequately meet the intent of the various human engineering 
instructions and responsibilities, a responsible focal point for human engi- 
neering within both the Navy's and contractor's project office is required, 
ll is desirable that this focal point be an individual who reports directly to 
the project manager. Both the Navy and the contractorts) should provide 
a human factors program manager who is a member of the project manager's 
immediate management staff. This places the human factors function at a 
sufficiently high level 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 facilitate the exchange of human factors contacts between the 
Navy and its contractorts), 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 either 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 ensure positive 
participation for the roles of each in the systems development process. 
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In certain laigc project offices such as a SHAPM (Ship Acquisition 
Program Manager) where there is a need for accomplishment of a significant 
amount of human engineering during system development, the project office 
should be able to justify pcrmanenl human engineerls) within the staff office 
acting as the human factors program nianager(s). These human factors man- 
agers should also have responsibility for personnel/training and life support 
(and they may even be required to represent other disciplines such as safety 
and habitabilily, depending on specific organization and personnel limitations) 

For smaller project offices, where there will be a need for a limited 
amount of human engineering during system development, il is still desirable 
thai a qualified human engineer be part of the permanent in-house staff. It 
is recognized, however, that this may no! be possible or economically feas- 
ible with present manpower limitations and limited personnel ceilings. If 
(his be the case, the general engineer (or manager or specialist in Integrated 
Logistic Support (ILS)) representing certain related disciplines should also 
be designated with responsibility for human engineering, lie should then 
seek proper (mining in human engineering so that he will know what il is. 
why it is required, and when and how to invoke proper requirements in a 
cost-effective manner,  lie should also seek advice of human engineers (in- 
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 organized so that human 
engineering responsibility is in one branch but personnel selection/training 
and manning in another (for example, grouped under ILS). the responsibili- 
ties and tasks remain the same and should be accomplished as defined here- 
in, but the coordination among 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 overlaps 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 to cut costs and efficiently complete analysis 
and documentation tasks. 

2,4   "NTERFACE REQUIREMENTS 

2.4.1  INTRADISCIPLINH INTERACTION 

2.4.1.1 NAVY. As noted earlier, although the human engineer 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 arc 
all used by the human engineer in establishing man-machine trade-offs. On 
the other hand, results of the human engineer's mission and task analyses, 
work space arrangements, and panel layouts are used by personnel and 
training specialists in establishing training requirements and by publications 
specialists in preparation of technical manuals. 
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i-'nr ;i ck'laili'd itlcntifiaition orinlbninition irquiremcnts for person- 
nel and training, see M1L-I,-2H70Ü (NAVY), Personnel Planning Data for 
Naval Systems. This specification establishes the reiiuireinents for Personnel 
Planning Data (PPD) development during the analysis, design, development, 
lest, and evaluation 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 NAVSIHPS 047(\ the Pe^onnei and '['raining 
Analysis Office.* 

Normally, environmental factors ol concern in new ship system 
development projects include such things as humidity, lemperature, ventila- 
tion, noise, and vibration control. The human engineer is generally well 
qualified to assist design engineers in these areas without direct BUM IT) 
participation, in cases in which the life support requirements are new or 
exotic (for example, a new submarine environmental system) or in which 
the human engineer's work load prohibits his participation in this area, 
then the project manager should request BUMhl) support. In such cases, 
the human engineer/life support interface activity is measurably increased. 

2.4.1.2 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 life science organizations. 
They will then have independent training and publication 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 follows: (a) the human factors personnel are 
assigned to a design group within the project (crew station design, electronic 
systems, reliability, etc.). and (b) the training and publications personnel 
are assigned to a product support group. In addition, they may assign life 
support personnel (for example, aeromedical 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 of all elements of the total 
human factors 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. 

2.4.1.3 NAVY-CONTRACTOR. The need lor direct interface 
requirements between Navy and contractor(s) human factors staffs would 
seem to be evident. Yet. frequently one or both organizations bury their 
groups within an organizational structure which prohibits such interaction 
or reduces its effectiveness   liven 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. 

*TJiitil reconlly. (he responsibility for dctcrnunatiun of qualitative and quantitative 
military personnel and training requirements to operate and maintain ships and equip- 
ment was assigned to BUPHRS. ITI'ectivc 1 July Wl}, this responsibility was transferred 
to the Naval Ship Systems Command. 
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2.4.2    INTERDISCIPLINE INTERACTION 

2.4.2.1 DESIGN ENGINEERING. Of the throe subgroups compris- 
ing the huiiKin factors discipline, human engineering requires the greatest 
amount of direct interaction with the system design engineers. Past experi- 
ence indicates that almost daily faee-to-l'ace contact between the two func- 
tions is required if 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 engineering manpower and cost 
requirements as well as selecting the actual physical location of the human 
engineering staff. 

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

The formal terninology 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 of 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 (his 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 but 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. 

3.1.2 GENERAL OPERATIONAL REQUIREMENT (GOR) 

3.1.2,1 OBJECTIVE. The objective of the GOR is to state the capa- 
bilities the Navy needs within a particular functional warfare or support area. 
There are four broad classes of GORs: Strike Warfare, ASW, Command Sup- 
port, and Operational Support. Needless to say, each 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. 

a.     From an outline of functional areas within personnel logistics: 

Human Factors Engineering. This area is primarily 
concerned with the implementation of human operator con- 
siderations in the development, operations, and maintenance 
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of now 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 requiremem for suc- 
cessful integration of people insists that qualitative and quanti- 
tative elements of normally functioning human capabilities, within 
the constraints of people resource availability, be the focal points 
around which organi/ations, weapons, and support systems are 
designed. 

Objectives in this area depend upon the establishment of 
a theoretical and scientific basis for understanding human per- 
formance with respect to sensory, perceptual, motor, and cogni- 
tive processes, in the context of operational naval systems. The 
attainment of these objectives requires the development of 
methodologies and techniques for translating human factors 
criteria into systems design specifications, and for assuring their 
implementation during systems development. 

b.     From a discussion of capability goals: 

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

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

2. Techniques to quantify and extrapolate meaningful 
relationships among natural and induced environmental factors, 
personnel performance, and equipment system characteristics. 

3. Optimum man-machine standards, specifications, 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 engineering 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. 
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3.1.2.2 HUMAN FACTORS RESPONSIBILITIHS. There arc no 
direct human factors (lite support, personnel, or human engineering) respon- 
sibilities associated with GOR preparation. Being general statements of 
anticipated needs and operational requirements, the GORs are written in 
operational terms by the user Navy. 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 lor work assignments. 

3.1.3 THNTATIVH SPI'XIFIC OPERATIONAL RRQUlRHMlfNT 
(TSOR) 

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

3.1.3.1 OBJF.CTIVH. 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. In addition, 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. It 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 isOPNAVINST 3l)10,6B. 

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

a. Ensuring that stated requhements are not prematurely assigned 
to either hardware or human implementation. 

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

The first responsibility serves to keep later design options open (if 
system development continues). In particular, decisions regarding alloca- 
tion of system functions to men and machines are not appropriate at this 
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 
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the human engineering shortcomings of similar systems already in the fleet, 
there appears to he no substitute for on-the-Job luiip..n engineering experi- 
ence in accomplishing 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: 

a. A description of specific human engineering problems associated 
with other systems fulfilling capabilities similar to those specified in the new 
TSOR. 

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

c. A discussion of the probable human engineering involvement in 
R&D aimed at satisfying die requirements of the TSOR. 

3.2 MAN-MACHINE CONCEPT DEVELOPMENT AND ANALYSIS 

3.2.1 OVIRVHiW 

lieforc any decisions can be made regarding design of a system, 
regardless of its si/e or complexity, it is necessary to establish a well-defim J 
concept of what the system is to do and how. This is ceitainly true of the 
human role in the proposed system. Thus, the human engineer or project 
manager defines such factors as:  who is going to use the system, under 
what environmental operating conditions the system will be used, and what 
the performance limits of the operator/maintaMierare expected to be. Alter- 
native man-machine concepts potentially capable of satisfying the known 
requireinents are identified and formulated. The alternatives may differ with 
respect to number and types of personnel required, the degree of automation 
employed, the type of work station to be utili/.ed, etc. 

Some man-machine analysis is required on every project.  For larger 
systems this might include the full list included in MIL-H46855, while for 
smaller projects only one or two of the analytic techniqik.-, might be involved. 
But detailed human engineering design cannot successfully lake place without 
some man-machine analysis as the supporting base. Each candidate concept 
(including the manning concept) must be analyzed for feasibility, cost effec- 
liveness, and all significant trade-off factors. This analysis always includes 
some means of "exercising the system," such as tracing through the sequence 
of events involved at the man-machine stations for each system mission. The 
aim is to anticipate the level of performance which might be attained under 
operational conditions and to recognize potential problems such as informa- 
tion queueing, commission of serious errors, and catastrophic failures. The 
analysis identifies the best candidatets) for design implementation and pro- 
vides justification for the clioice(s). 

Development and analysis are treated in the same section because 
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 ii' 
they really meet all requirements. Thus, the luiman engineer must be pre- 

pared to use the tools described in this section in both ways, in an iterative 
fashion. 

3.2.2 CHNERAL HUMAN ENGINRERING RESPONSIBILITIES 

Eormulalion of man-machine concepts must be concurrent with 

lornuilation of system concepts.  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. 

c. Development of design concepts for each operalor/mainlainer 

work station to the point that it is reasonably assured such a work station 
arrangement is feasible. 

d. Ensuring that each candidate system is feasible in all respects 
from a human engineering point of view. 

e. Identification of potential human engineering problem areas 
which may require attention. 

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

g. Preparation of inputs to Requests for Proposals ( REPs) for 
contracted work. 

3.2.3 METHODS APPROPRIATE EOR CONCEPT DEVELOP- 
MENT AND ANALYSIS 

Over the years human engineers have developed a number of power- 

ful tools and methods to aid in applied human engineering work. 
Methods which are appropriate for use in concept development and 

analysis are discussed below. Also included are sample formats which are 
suitable for use in project documentation. 

3.2.3.1   EUNCTIONAL BLOCK DIACRAMMINC. Block diagram- 
ming is perhaps the most familiar means of showing basic system organiza- 

tion and function.  It should be noted, though, that much of what purports 

to be "functional" block diagramming is really equipment block diagram- 

ming, as is readily evidenced by the appearance of blocks labeled "display 
console," "data entry panel." "tape recorder," "drum storage," etc.  Eunc- 
tional blocks are concerned with what is done rather than the specific reali- 

zation of a means to do it. Eunctional 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 
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ullucalion of functions should always follow dovi'lopmcni of the initial 
system concept, it is essential to avoid equipment representation and its 
implication that function allocation has already been completed. A premature 
man/machine allocation may overlook the possibility that a man may per- 
form a given task with greater cost effectiveness than a machine. However, 
as the various trade-offs are considered, the original block diagrams may be 
refined for each of the alternatives under consideration. The succeeding 
block diagrams wiü make tentative assignments of hardware, software and 
personnel. This is proper but only after some initial analysis of man and 
machine capabilities. 

Some of the essential features of functional block diagramming are 
illustrated in figure 3.1. Note that: 

a. An expanding series of diagrams gives successively more detailed 
ini'ormation on each functional block. This detail may be carried to as many 
levels as appropriate. 

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

c. The top-level diagram should show the system development 
process itself as well as the operational function of the system being devel- 
oped.  In other words, the system being developed is within a larger system 
which is the system for accomplishing the development 

d   Branching can and should be shewn as indicated in the top-level 
diagram. Once the particular system in the example goes operational, it is 
either 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 flow charting. 

e. The diagram should be organized so that one can easily find the 
input and follow the flow through the function blocks to the resulting 
output. 

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

Hgure 3.2 is a more detailed (but incomplete) block diagram of func- 
tion block 5.0 from figure 3.1 for a hypothetical combat information sys- 

tem. Note that this diagram, as may sometimes be desired, is of mixed 
levels (second and third). Note also that except for the associated systems 
there is not yet any implication of man-machine function allocation. 

3.2.3.2 INFORMATION FLOWCHARTS. Information flowchart- 
ing is a technique used to show the flow of information, in terms of opera- 
tions and decisions, 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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pcrl'urnicHl by iniKlnni.' or h\ iium. Inl'nrnuitiun flow charts prepared sub- 

scqucnlls U> tcnlahvi' iniiii-iiiachine lunclioii allocation will reflect thisalk 
cation in the ilccisions. operations, ami branching which are represented. 

Al the ITA stajH'. however, these charts would ordinarily be prepared at a 
detailed level oiil\ lor the more critical man-machine limctions. 

1.0 

DEVELOPMENT 

2.Ü 

PROCUREMENT 

3.0 

TESTING 
AND 

ACC1 PTANCE 

4 0 

INSTALLATION 
AND 

CHECKOUT 

-N   OR 

5.0 

COMBAT 

INFORMATION 
SERVICE 

6.0 

MAINTENANCE 

5.1 

DETECTION 
AND 

TRACKING 

5.2 

IDENTIFICATION 

5.3 

THREAT 

ASSESSMENT 

5,4 

WEAPON 

ASSIGNMENT 

AND CONTROL 

5.1.1 

TENTATIVE 
TRACK 

DESIGNATION 

5.1.2 

TRACK 

CONFIRMATION 

5.1.3 

POSITION 
UPDATING 

5.1,4 

COURSE AND 

SPEED 

COMPUTATION 

Mginc 3.1. Levels of functional block diagramming. 
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In thai it records the sequence ot'upenitions and decisions which 
must be performed to satisfy a definite system function, tlie information 
flow chart is similar to the flow chart used by computer programmers. Both 
charts are based on binary choice decisions and intervening operations, Tiial 
most decisions can be reduced to a binary situation is evidenced by the vast 
array of problems which ca   be computerized via simple binary logic. There 
are two important reasons lor using binary decision logic as standard in all 
information flow charting: 

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

b. To provide for easy translation of information flow charts into 
logic flow charts for computerized sections of the system. 

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

General level: Any targets need identification 
processing'.' 

• Any newly entered targets need II) 
processing'.' 

• Any target tracks need confirma- 
tion of tentative ID? 

• Any confirmed IDs need rechecking? 

Hach 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 a single symbol and machine functions by two concentric 
symbols: 

More specific level: 

General level: 

More specific levels: 

O (all up track 

Q Hnler track digits 

0 Press IN call-up button 

(§) Load track data in buffers 

@ Display track data 

<3> TN readout correct? 

O Proceed with operation 

It is not necessary that the How chart be prepared to a uniform level 
of specificity. For many situations it may be entirely appropriate 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 hi.; pur- 
poses in mind and peg the level of detail accordingly. Usually those parts of 
a flow chart which initially 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 iniornuition i'iüvv chart for gross-level detection and 
tracking rune!ions. 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,  liven here, however, the power of the flow chart 
is apparent because it makes one begin to think of implementalion alterna- 
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 recogni/ed? 

The information flow chart shown in figure 3.4 diagrams the (racking 
function a! a finer level of detail (for a hypothetical system). In this figure 
each machine decision or operation is represented by two concentric sym- 
bols to differentiate it from a human function. 

Note that the recommended format for these charts utilizes a 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 keyed 
line-by-line with the respective flow chart symbols. (As previously noted a 
double foldoul ( 11" x 25") is suggested as maximum physical si/e of indi- 
vidual sheets to be included in documents.) 

Note also that flow paths are complete: every path either recirculates 
or eventually terminates in a valid exit, and no ends are left dangling. This 
fact is extremely important and is what makes the information flow chart 
such a powerful tool, The flow chart technique imposes a discipline upon 
the analyst, requiring him to consider alternatives which might easily be 
overlooked. This results in a thoroughness and logical 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 originally believed. For these reasons 
it is considered an indispensable tool to the system designer and the human 
engineer. 

3.2.3.3 MAN-MACMINl-: ALLOCATION TRAIJL-OIT STUDILS, 
With the completion of the block and gross information flow diagrams, it 
is appropriate to perform preliminary studies of man-machine allocations 
for each of the alternate designs being considered. 

Working in conjunction with the project's system engineers and 
using the block and information flow diagrams, plus their past experience 
with similar systems, the human engineers should make a preliminary alloca- 
tion of the actions, decisions, and/or functions shown in the charts to men 
and/or machines. Thus, the block diagrams and information flow charts 
(especially the latter) become very importa.it. The assignment of the func- 
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 stale of the art of hardware and software, and (c) estimated 
performance to lie required in terms of speed, accuracy, and load. The 
need for a cooperative effort between the system and human engineers at 
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START 

MONITOR INCOMING SIGNALS FROM SURVEILLANCE SYSTEM 

COMPARE SIGNALS WITH PREVIOUS TARGET LIST 

0- 

ANY NEW PROBABLE TARGETS' 

ENTER TENTATIVELY INTO SYSTEM MEMORY 

DOES PROBABLE TARGET REAPPEAR? 

 DROP TENTATIVE FROM SYSTEM MEMORY 

Ö CONFIRM AS TARGET IN SYSTEM MEMORY 

GENERATE INITIAL COURSE AND SPEED FROM ELAPSED TIME 
AND DISPLACEMENT 

UPDATE ALL TARGET POSITIONS A3 NECESSARY FOR TRACKING 

ANY TARGET SIGNALS DISAPPEAR FOR CRIT ICAL TIME? 

DROP TARGET FROM SYSTEM MEMORY 

Figure 3.3. Gross informalion How chart for dcteclion and Ifacking 
(no inaii-machinc funclion allocation assumed). 

33 

Hjaiiftitiiirii^'*-*^^'^""'"'-^^   



START 

ANY TARGET TRACKS IN SYSTEME 

PRESSSEQBUTTON 

PUT NEXT TARGET IN TRACK LIST UNDER 
CLOSE CONTROI, 

ADVANCE HOOK ON CRT TO COORDINATES FOR TRACK UNDER CLOSE   CONTROL 

IS TARGET VIDEO PRESENT' 

DOES HOOK LINE UP WITH PRESENT TARGET POSITION? 

ENABLE TRACK BALL AND REPOSITION IT 

PRESS POS- CORR. BUTTON 

TO MOVE HOOK OVER TARGET 

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

ION 

ANY TARGET FAIL TO BE UPDATED WITHIN CRITICAL TIME? 

DISPLAY "RECOMMENDED DROP TRACK" AL 

DROP ALERTED TRACK? 

HOOK AND PRESS DROP TRACK BUTTON 

DELETE TRACK FROM MEMORY 

Q      HUMAN OPERATION 

ERT 

O HUMAN DECISION 

MACHINE OPERATION 

MACHINE DECISION 
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tliis point cannot be overemphasi/.cci, for each must contribute to make the 
allocations meaningful. 

At the conclusion of this preliminary effort, a tentative assignment 
to man and/or machine for each function, action, or decision on the block 
and information flow charts should be made. Thus, i( is at this point in the 
system development cycle that consideration is first given to identifying 
specific equipment, software, and personnel contributions required to make 
the system work. Man-machine allocation trade-off studies must be per- 
formed for each alternative being considered.  Like the flow charts, the 
man-machine allocation studies will be continually reworked and updated 
as the system continues through the development cycle. Thus, the alloca- 
tion studies should be retained for future use. 

When alternative concepts may involve different manning levels, life 
cycle personnel costs should be considered in trade-off studies. Appropriate 
figures to use in estimating personnel costs may be obtained from BUPHRS 
in references such as NAVi'l:RS 15 163. "Navy Military Manpower Billet 
Cost Data for Life Cycle Planning Purposes," and NAVPLRS 1X660, 
"Annual Training Time and Costs for Navy Ratings and NEC's." 

Before system concepts are finalized, iterations of the man-machine 
allocation studies should have: (a) identified plausible candidates for imple- 
mentation (human pattern recognition, computer algorithm, or hardware 
function); (b) identified criteria for allocation (response time, error rale 
jr probability, cost); (c) analyzed data related to these criteria; (d) prepared 
a comparison mat'ix which exhibits all candidates vs the selected criteria 
(entries in the matrix are the estimated absolute performance or rank for 
each candidate on each of the criterion measures); (e) selected and justified 
the allocation, 

3.13.4 PRELIMINARY MAN-MACIIINH ANALYSIS. In simplified 
terms, man-machine analysis refers to critical examination of the man-machine 
interfaces 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). But a 
preliminary analysis of selected 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 uncover a 
human 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 to begin pin- 
pointing potential man-machine interaction problems. 

Results of these man-machine analyses should be included in the 
project documentation. Each analysis should be covered by a short write- 
up describing why the particular man-machine combination may pose design 
problems and offering suggested solutions if available. Sketches, pictures, 
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 PRHL1MINARY HAZARDS ANALYSIS. Fort-uch of the 
design alternatives, a gross hazards analysis should be performed and the 
results included in project documentation.  II' the project team contains 
a specific safety engineering slot, then the human engineer should act in an 
assistant capacity. Usually, however, this is not the case, so the human 
engineer is responsible for identifying potential safely hazards at this early 
stage. 

The recpiiremeiits for system safety programs are spelled out in 
M1L-STI)-S82, "Requirements for System Safety Program for Systems and 
Associated Subsystems and Kquipmenls." Other important references 
include NAVSIIII'SINST 521)0.17. "Promulgation of Shipborne System/ 
Hquipment Acquisition Manual," Appendix 26, "Safety"; AI'SC 1)111-(). 
"System Safety Handbook": NBS 1130, "National Hlectrieal Safety Code": 
and Dol) Directive 1000.3. "Accident Prevention and Safety Policy for the 
Department of Defense." 

In performing a hazards analysis the human engineer reviews his 
own material developed to this point (block diagrams, flow charts, alloca- 
tions, etc.) 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 

c. I'xlreme temperature 

d. Atmospheric contamination 

e. Toxic substances 

f. Hlectrieal shock 

g. Mechanical hazards (moving parts, etc.) 

h. Electromagnetic and nuclear radiation 

i. Explosion/fire 

j. Pressure and/or decompression 

3.2.3.6 PRELIMINARY OPERABILITY/MA1NTA1NABIL1TY 
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 each design alternative 
being considered. Specifically, the human engineering analyst should 
address the following: 

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

b. Which human functions are particularly critical to meeting the 
mission requirements? 
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c. Whal is the ücceptubk' range of performance for those functions? 

d. Whal areas should he called out for future study effort to ensure 

acceptable performance'.' 

The analysis must include both system operation anc maintenance lunctions. 

It is very important to assess the human eoniribution to system per- 
formance since, for most shipboard systems, machine executions are per- 

formed very rapidly with very low error rates and little variability. Thus, 

the bulk of system response time, error, and variability will reside in human 

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 a proposed operator station is as follows: 

( I I   Define the design goal in terms of quantity and quality of 
information throughput for that station under design load. (Typically, this 
is done for the SÜR or later requirement formulations.) For example: 

• "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 75 seconds with false-alarm probability not to 

exceed 0.10." 

• "Operator at station X must process incoming messages 

at an average rate of I 5 per hour (±3) with error rale not to exceed 0.05." 

(2) Make a rough prediction of the quantity and quality of infor- 

mation flow (throughput) which might be expected of the typical operator 
under design load. 

(3) Compare the predicted throughput with the performance 
goal.  If the predicted quantity and quality of throughput both are equal to 
or better than the goal, operability may be considered to be satisfactory; if 
either quantity or quality is deficient, operability is unsatisfactory, and the 
design concept should be altered as necessary to attain the operability goal. 

b. Maintainability. The recommended approach to preliminary 
maintainability parallels that for operability. 

(I)   Define the design goal. Maintainability goals are established 
by analysis of the system maintainability concepts and gross man-machine 

allocations. The current trend in electronic 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 (predominantly manual) maintenance systems. 
However, this is not necessarily and perhaps not generally the case. Deci- 
sions 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. 

37 

iiiiiil'iliiiiiiMiii aüaüü« ^HiiiaiBaigBiaiittaiäMiiiBMiaaMBMi 



jPjappjjjfii^^^ ippppüssssiBPii 

and interpreted. Finally, some maintenance functions cannot be aulomaled 
economically; 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 
supplied by the haidware/software specialists. These estimates are then sub- 
tracted from the stated system requirements for mean-time-to-repair to 
yield repair-lime goals for the human maintainers. 

(3) Compare the predicted performance with the go. I. If pre- 
dicted performance falls short of the goal, maintainability features of the 
design concept should be improved as necessary to attain goal performance. 

3.2.3.7 MAN-MACHINE FLOWCHARTING, The purpose of man- 
machine flow charting is to aid in developing and evaluating concepts for 
each operator station. 

The man-machine How chart is concerned basically with the man- 
machine subsystem or operator station. It is similar in concept to the infor- 
mation flow chart (see fig. 3.3), but the decisions and operations with which 
it deals are confined to the man and the hardware and equipment closely 
associated with him rather than being representative of the system as a whole. 

A separate man-machine flow chart is required for each manned 
station, as determined by the function allocation process. Figure 3.5 shows 
a sample man-machine How chart for a hypothetical operation station    in 
this case, a tracker operating a computer-aided tracking console. 

In preparing such a chart the human engineer should ensure that: 
all logical possibilities are included, all loops are completed or terminated 
in a valid exit, and all operations are performablc by the operator. He must 
then develop answers to questions of the following kind: (a) how will each 
operator decision be made? (b) what are the criteria to be used for decision 
making? (c) what information requirements must be met to provide a basis 
for decision making? Answers to such questions provide the working mate- 
rial for the next step, preparation of the operator station input-omput 
chart, which further defines and refines the operator station concept. 

3.2.3.8 INPUT-OUTPUT 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 associated with it at least one output (or else why perform the 
operation in the first place?). Every decision has at least one new input (or 
else why is a decision necessary?). All inputs and outputs are indicated 
by arrows on the chart and are summarized in a tabular listing. If the input- 
output fiow 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 
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START 

ANY TARGET TRACKS IN SYSTEM^ 

PRESSSEQBUTTON 

ADVANCE HOOK TO NEXT TRACK ON PPI TO BE UPDATED 

IS TARGET VIDEO 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 

Figure 3.5. Man-machine flow chart. 
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V 

O 

START 

ANY TARGET TRACKS IN SYSTEM? 

-Q      PRESS SEQ BUTTON 

ADVANCE HOOK TO NEXT TRACK ON PPI TO BE UPDATED 

CD 

C,D 

■*\y      IS TARGET VIDEO PRESENT? 

&\)>      DOES HOOK LINE UP WITH PRESENT TARGET POSITION? 

E, F 
1 fj       ENABLE TRACK BALL AND REPOSITION IT TO MOVE HOOK OVER TARGET 

PRESSPOS. CORR. BUTTON 

H, I o W   >      ANY "RECOMMEND DROP TRACK"ALERT? 

"*\/      DROP ALERTED TRACK? 

■4 : Q       HOOK AND PRESS DROP TRACK 

o DELETE TRACK FROM CRT 

INPUTS/OUTPUTS 

A. MARKERS ON CRT 

B. ORDER TO COMPUTER TO ADVANCE 1 STEP IN TRACK LIST 
C. VIDEO DISPLAY 
D. HOOK 
E. TRACK BALL ENABLE SIGNAL 
F. >' AND Y FOR HOOK 
G.TARGETXY 
H. AUDITORY ALERT 
I.   SPECIAL MARKER ON CRT TRACK 
J,   IDENTIFY, THREAT, ENGAGEMENT STATUS 
K. DROP TRACK ORDER 

Figure 3.6. Sample inpul-uutpul char 
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charts and man-imichine and input-output How charts developed previously, 
it olTcclively completes the base upon which detailed human engineering 
requirements for ini'orniation, control, and display will be evolved. 

'I he USD (fig. 3.7) uses a separate column for each operator, equip- 
ment station, or equipment unit to be analyzed. Fach colimm shows the 
operations, decisions, delays, transmissions, and receipts pertinent to that 
particular system element. Because the OSD cannot conveniently accom- 
modate extensive branching, separate USDs must usually be prepared for 
each mode of operation, type of threat, level of manning, casualty condition, 
etc.. which may be of interest. 

One of the main virtues of the OS!) is that all major information 
flow between system elements, 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, when selectively 
applied, the OS!) is a powerful tool for identifying and solving 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 arc- 
two quite different kinds of system representation. The OSD emphasizes 
the main activities associated with each major station and the interfaces 
between stations. The information flow 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 overload and underload as well as interface problems, whereas the infor- 
mation How chart checks on the logical consistency of the system concept. 
Together they provide a firm base for evolving detailed human engineering 
requirements. 

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, etc.). 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 (sec 
figure 3.8). Although the time-line analysis depicts 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^ad 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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OPERATOR 1 OPERATOR 2 

REL 
TALKs'.v 

PRESS 
TALK sw 

MAKE 
REPORT 

REL 
TALK sw 

RESUME 
WORK 

REQ.        N/\   RECEIVE 
REPEAT-\/ OK? 

Y 

RECEIPT 

FOB MSG 

REL 
TALKsw 

NOTES ON OPERATIONAL SEQUENCE DIAGRAM 

LINKS 
SYMBOLS 

0 DECISION M MECHANICAL OR MANUAL 

0 OPERATION E ELECTRICAL 

0 TRANSMISSION V VISUAL 

c RECEIPT S SOUND 

D DELAY ETC. 

INSPECT. MONITOR 

\ 7 STORE 

STATIONS OR SUBSYSTEMS ARE SHOWN BY COLUMNS 
SEQUENTIAL TIME PROGRESSES DOWN THE PAGE 

Figure 3.7. Sample operational .sequence diagram; (wo-slalion intercom, 
with station I acting as originator. 
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HXIIIB1T3.1. I'RL-L IMINAKYOPI RATOR I'UNCTIONAL 
RIOIIIRI:MI:NTSW()RK.SIII:IT. 

I'unclioii 4. U 
l.oaii xx prujoctik1 in 
x-l htvccli bloi.-k 

'RII.IMINARV üPIKATOR I UN( TIONAL. 

RI;QUIRI-:MHNTSWORKSIIHI;T 

SYSIiM/OP CONSTRAINTS:  LOADINCi RATH = :/MIN., SHA STATI' 4 

TASK DI'SCRII'TION:  Muniior umniuiiitinn sluil'l delivery sifinal, open door, 
position projectile carriage, transfer projectile to carriage, move loaded car- 
riage to loading position, open gun breech, transfer projectile to breech, 
check position, adjust fuse, close breech, notify fire control officer ■'ready." 

PI IVSIOUKlK'ALCONSim-RATIONS: Maximum lift capability for one 
man is dO pounds: higher weights require special sling or method for direct 
roll-transfer of projectile. 

PSVCIIOLOdlCAI.rONSIDhKAIlONS:   Visual codes for identification 
and special calibration markings musl he legible as well as visible under battle 
(red) lighting environment. 

SAITTV CONSIDPRATIONS:  Automatic door closure on ammunition 
delivery system and possible effects of ship roll require special indoclrina- 
timi and drill to prevent accidents (e.g., closure of door on personnel) or 
loss of control of projectile. 

or reallocalion 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 
similar functions in order to obtain u consensus of the time it lakes to per- 
form each given function. A more complete discussion of the time-line 
chart is presented in appendix 13. 

3.2.3.1 2 LINK ANALYSIS. This analytic tool is often used as a first 
step in developing an optimized panel, work station, or work area layout. Its 
purpose is to make a first estimate of the frequency with which various inter- 
actions occur 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 initial list of control- 
display interfaces. To this is added the man-man links which take the form 
of direct (voice) or indirect (radio, telephone, etc.) verbal conversations, 
walking from one place to another, etc. If the link analysis is being per- 
formed on a particular panel layout, there may be little of the man-man 
links involved. If the link analysis is performed on a CIC room, however, 
the man-man interactions will be extensive. 
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Ik-ginning with a p;iiliailar design (panel layout, room arriiiigcment, 

etc.) -ill the intcrat'tiunst links) RHjuiu'd to pcrfomi a parlicular lask arc 
cxaminctl cardulK in Icnns of the Irctiucncy with which they occur and the 
importance they hold in completing the task. The importance and frequency 

factors are assigned some value (usually on a scale of 3) primarily based on 

the analyst's previous experience or talks with similar system operators. 
When the fiequency value is multiplied by the importance value, a "load"" 
or "link"" value is obtained. The panel, work area, elc. along with the links 

(with llieir load values) are drawn out on paper permitting a visual picture 
of all the interactions taking place with the system under investigation. The 

system design is then altered and the process repeated.  In this way the 
design containing the fewest interactions, lowest link loads, and smallest 

operator work loads can be tentatively established.  A brief description and 
accompanying example of the link analysis procedure is provided in appen- 

dix C. 

INITIAL 

OPERATOR/ 
FUNCTION 

ALLOCATION 0 5 10        lb 20        25        30        35 40        45 50        5r)        60        65       70 

OPERATOR A 

TASK 1 J\ 
TASK 2 j—i_n_ J-1     L__n_ Jl 

TASK 3 J L 

OPERATOR B; 

TASK 1 -1 I 

TASK 2 _n_rL JUl JTTL ■|_ 

OPERATOR C: 

TASK 1  L 

TASK 2 -nn/T- -ru-un_ 
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.U   MAN-MACHINE DESIGN 

3,3.1  OVhRVlBV 

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

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 compliance 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 section does not attempt to differentiate 
between functions performed by Navy in-house personnel and those per- 
formed by contractors; however, specific guidance with respect to contract 
monitoring is provided in section 4. 

As pointed out earlier, to be effective human engineering must be 
introduced early in the system development cycle and carried through test 
and evaluation phases. The ti 'i..- when engineering designs are being finali/.ed 
is particularly critical, 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 left up to the equip- 
ment designer to decide when human engineering assistance is needed. The 
result can be that deficiencies are not caught until it is too late to do any- 
thing about them. Human engineers must begin working with the designers 
before they begin to make drawings. The hunian engineer and designer 
should come to an understanding about the design before the designer 
becomes ego-involved in his creation. It is extremely crucial at this point 
for the human engineer to establish the impression that he is there to help 
rather than hinder. It is also important to clarify the level to which human 
engineering drawing review is carried. It is generally safe to say that all top- 
level 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, etc.). 

3,3.2 PREREQUISITES 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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MTorison detail design should heuin with a review of prior human engineer- 
inii work 1 atiier man-machine analyses should be expanded as necessary In 
provide a solid basis for proeeedinu with detail design. 

3.3.:,1  CONTROL-DISPLAY Dl IINITION. Human engineers 
should take a primary role in defining eontrol-display requirements. 
Operatoriuaintamer functions should he examined ami preliminary esti- 
mates made as to the numbers of displays required, including their types 
(shape, qualitative vs quantitative, etc.I and the basic display performance 
requirements (phosphor brightness, persistence, etc.). NornialK a prelimi- 
iiar\ list of required displays is created jointly by human engineers and 
equipment engineers.   I o aid the equipment designer, human engineers 
should determine whether information should he displayed aurally, visually, 
or (actually and should specify certain critical features such as the format 
of visual signals and coding techniques, (rileria for these decisions may be 
found in several of the standard human engineering guides. The amounts and 
types of information to be displayed and controlled must be determined for 
the entire range of operational situations in which the system is to be used. 
The human engineer should then refine the eontrol-display concepts as neces- 
sary to be sure the proposed man-machine configuration can handle the re- 
quired information within the applicable time and accuracy constraints.  It is 
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 satisfactory from both the technical and human engineering standpoint 

3.3.3 SCOPL OF DHTML DESIGN HFFORT 

The following areas typically are covered in development of human 
engineering detail design; 

a. Selection 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.) 

c. Maintenance accessibility, 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, 

c. Illumination of display-control panels and compartment areas. 

f. Packaging of portable equipment in terms of compatibility with 
human limitations for handling and carrying. 

g. Workspace habitability and safety, including specification of 
temperature, humidity, ventilation, illumination, and noise limits for the 
work area. 

h. Life support requirements and implications for special protective 
garments and their effect on equipment interface design. 
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i. Special auxiliary support requirements including scats, test equip- 
ment, tools, cranes, forklifts, and elevators. 

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

k. Design and location of hatches, windows, stairs, ladders, etc., 
especially with reference to emergency egress. 

Different types of systems will demand more emphasis on certain of 
the above human engineering considerations than others. Within the time 
and budget constraints of a particular program, priorities may have to be 
established for the contractor. The project manager should depend upon his 
human factors program manager to help establish these priorities so that the 
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: (I) personnel safety, (2) operator/ 
maintainer performance efficiency, and (3) personnel comfort. 

3.3.4 TI1H SYSTEM HUMAN BNGINEFRING SPECIFICATION 

Early in the prototype development program (usually during prc- 
design) a project-specific specification document of human engineering 
design criteria should be prepared. Comprised of pertinent data extracted 
from various human engineering specifications, standards, and other material, 
this document will eliminate the need for equipment designers to pore over 
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 
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- 
mation necessary to complete the console design is included under that 
heading. It is a common fault of many such documents that they are orga- 
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 
checklist which can be used as a prompter for the equipment designer and 
for the human engineer when checking the designer's final product design. 
The summary checklist should be given to each equipment designer at the 
start 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 design is considered to be 
unsatisfactory (U) and must be changed before approval can be given. In 
the case of a (C) or (U) the human engineer should go directly to the 
responsible designer and discuss the problem as he sees it. Hopefully, a 
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l'XIHBiT 3.2. SUMMARY CHHCKL1ST 

HgUlPMhNTüPI-RATION 
I. CONSOU'SIIAPK/SIZI- 

,i. Desk height, aica 
b. C'niiliol icaeh 
c. Display view 
d. \ioii), limb clearaiiL'c 

:. I'AML LOCATION 
a. l'tcqucncy of use 
b. Sequence of use 
e. Hmergency rosjiouse 
il. Miillioiieialor use 

3. PANl-.L LAYOUT 
a. l-'unclioual grouping 
b. Sequenlial orgain/ation 
c. Idenlil'iealioii 
d. S'lacuig for eleaiance 

4. DISPLAYS 
a. Ininclional eompatibiliiy 

for inleuded purposes 
b. luielligibilily olinfor- 

malion conlenl 
e. Control interaction 
d. Legibility: ligures, 

pointers, scales 
e. Visibility; illumination, 

parallax 
f. Location 
g. Identification 

5. CONTROLS 
a. Functional compatibility 

for intended purpose 
b. Location, motion, excur- 

sion, and force 
c. Display interaction 
d. Spacing, clearance, size 
e. Idenlificalion 

ASSBIBLY    SERVICES    MAlNTHNANtT 
1. INSTALLATION. SI-:RVI(T:,& 

MAINTACCKSSmiLITY 
a. Location, size of openings 
b. Covers, fastening/removal 
c. Idenlificalion 

2. EQUIPMENT HANDLING/TRANSPORT 
a. Size/shape/weigh'./balance 
b. Handling clearance 
c. Handling aids 
d. Inslructions/labels/ 

warnings 

S = Satisfaclory 
C = Controversial 
U ■- Unsatisfactory 

s c u .1. CHASSIS LAYOUT, PACKAGING 
a. Ease of handling 
b. Access lo components for 

test (componenl) icplacemenl 
c. Idenlificalion 
d. Hazard/damage pioleclion 

4. CABLES/LINllS/CONNECTIONS 
a. Ease and security of assembly- 

disassembly 
b. Connection error 
c. Idenlificalion 
d. Access, lest, Ironlile-shoolhig, 

replacement 

SYSTEM SAFETY 
I. PERSONNEL HAZARDS 

a. Shock 
b. Burns: direct, chemical 
c. Hearing damage 
d. Tripping/falling 
e. Pinching 
f. Culling 
g. Bumping 

I EQUIPMENT DAM AGE 
a. Electrical overload, short, ground 
b. Mechanical overload, strip, bend, 

rupture, break 
c. Explosion/fire 

GENERAL 
I. LABELS/MARKING 

a. Inlelligibilily 
b. Legibility 
c. Location, spacing 
d. Permanence 

:. EQUIPMENT FINISH 
a. Color 
b. Texture 
c. Reflectivity 

3. STORAGE 
a. Location 
b. Volume 
c. Material accessibility, 

security 

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

s c u 
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solution can lu' worked out directly with the designer. In some cases the 
designer may have a constraint (lack of space, structural problem, etc.) 
which prevents any alternative solution. In such cases the human engineer 
may then give approval, hut will record this information in his personnel- 
equipment 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 factors 
program manager as soon as possible. 

3.3.5 TASK-liQUlPMHNT ANALYSIS 

As each of 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 effort 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 equipment requirements. The human engineer nor- 
mally requires for each design, the drawings which describe the internal 
electromechanical processes and input-output interfaces, 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 elicit 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 electrical and mechanical aspects of a given system may lie with different 
designers. There have been occasions on which the design of an electro- 
mechanical system resulted in incompatibilities brought about by lack of 
communication between the electrical and mechanical engineers. The human 
engineer's attempt to describe the operator procedure immediately exposes 
such incompatibilities. 

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

I. Job Operation 

Prepare Swimmer Delivery 
Vehicle (SDV) for Launch 

Task Tille 

Replenish Breathing 
Gas Supply 

3. Location of Task 
Performance 
on Dock or in 
Water 

4. Source 
Reference 
SDV Spec. 

5. Operational 
Site 
Worldwide 

EQUIPMENT DATA PERSONNEL DATA 

6. Equipment Required 

Breathing Gas Supply 
Pump and Containers 
Pressure Gauge 

CSE Required 

Breathing Gas Supply 
Containers 

7. Source 
Refer- 
ence 

None 

8. Number 
of 
Personnel 

9. Recommended Position 
Title 

Vehicle Maintenance 
Man 

10. Applicable 
Rating 

BM 

TASK PERFORMANCE DATA 

11. Time Re- 
quired 
Hours _ü 

Minutes      25 

IJ. Hequency 
Day   Week   Month 

Unknown 

13, Probable 
Error 

Low on Land 
Mod. in Water 

14. Speed 
□ I. Not Critical 
in n   Moderately Critical 
I   Li. Highly Critical 

15.   Positioning & Handling Equip- 
ment/Special Care Required 

I    I I. Little   [113. Considerable 
m 2. Moderate 

16. Manipulating Controls 
□ None 
fxl Hand Valves 
I   I Toggle Switches 
1    I Selector Switches 

I   I Pushbuttons 
I   I Cont. Auditory Feedback 
|   | Cont. Visual Feedback 

17. Source of Special Dangers 
I   I None (T) Explosive*        □ Toxic Sub- 
I   I Mechanical       □ Temperature stances 
D Electrical □ Volatile Fuels   □Other 

'I'oss. of ovcr-pressurizalion or filling system with wrong breathing gas. 

TRAINING DATA 

8. Nature of Procedure 
□ Fixed       [T] Motor Skill □ Circuit 
[x~| Variable   Q System Analysis Analysis 

9. Technical Manual 
Function 

I | Primary 
|Y] Secondary 

20. Training 
Difficulty 

□ Easy □ Hard 
fxl Moderate 

21. Train. Eq.Catg. 
I   I Complex 
fxl Simple 
□ None 

22. Technical Manual Title Life Support System. 
Maintenance and Replenishment of SDV-TR-013 

23. Training Course Title 
Life Support System 

Repair and Replenishment 
of SDV 

24. Task Performance Date 
I    I Estimated 
(Tl Tried (Mock-up) 
□ Tried (Hardware) 

25. Equipment Development Status 
□ Design Plan 
□ Preliminary Design 
I   I Mock-up 
[Tl Prototype 
□ Production Design 
□ Production Equipment 

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

Some type of moek-up study is generally required for most system 
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, etc.), they often arc 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 uti- 
lized during prototype equipment development: 

a. Small-scale mock-ups are useful to show a three-dimensional over- 
view of system elements. Because of the small scale, large or complex sys- 
tems of prime and/or supporting equipments can be arranged and viewed in 
several configurations to study design alternatives and possible problem 
areas 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 facilities. 
A typical 1/12-saile mock-up of a working space is shown in figure 3.9. 

Figure 3.9. USS BELKNAP(DLG 26) CIC (1/12 scale). 
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b. Full-scale soft 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 some 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 
easy changes. From a human factors design point of view this creates an 
untenable constraint on the utility of the mock-up as a technique for study 
purposes, and fabrication cos's are increased appreciably. 

Design evaluation mock-ups should be designed and constructed for 
ease in changing major features. For example, controller positions, panel 
layouts, seating, 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 factors study purposes. It may be advantageous to consider 
several partial system mock-ups; such as mock-ups of only a part of a work 
station, an entry way 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. 

c. 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 
installation 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 egress. 

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

c. To check out interface characteristics between special operator 
protective 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-!0. Electronic w; rfare console mock-up. 

e. To chock out case of manipulation and transport of equipment 
within work and maintenance areas. 

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

g. To evaluate suitability of labels and nomenclature, 

h. To perform time and motion studies. 

i. To obtain operator reaction. 

3.3.7 DOCUMENTATION 

Documentation of human engineering detail design work takes various 
forms including: 

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

b. Photographs of mock-ups. 
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c. Reports of analyses and studios pertinent to detail design. 

d. Memoranda of recommendations to project management and 
engineering personnel. 

e. Interim and final human engineering and project reports. 

3.4   DESIGN VERIFICATION 

3.4.1 OVERVIEW 

Ideally, if proper system development practices are followed and 
human engineering attention is provided on a continuous basis, the complet- 
ed man-machine system will work according to expectation. In this ideal 
sense design verification is incorporated at each 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- 
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- 
•actory man-machine performance. 

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

a. To verify the maximum human performance effectiveness has 
been achieved. 

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

c. To verify that work space arrangements are compatible with 
human anthropometries. 

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

e. 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. 

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

3.4.2 NAVY RESPONSIBILITIES 

During early 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. (See section 4.) The Navy is again actively 
involved with human engineering design verification when prototype equip- 
ments and systems are delivered to the Navy for operational evaluation. 
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Three major categories of test and evaluation are defined in OPNAV- 
INST }%0.H of 22 January 1973. These are: developmental test and evalua- 
tion (DT&li). operational test and evaluation (OT&H), and acceptance trials, 
luich is discussed briefly below. 

3.4.2.1 DHVHLOPMHNT TUST AND HVALUATION. These tests 
are conducted by the developing agency or its contractors. Their purpose 
b to facilitate the evolution of a system, with the end objective that produc- 
tion versions will meet the requirements stated in the Development Concept 
Paper or comparable acquisition document. All critical human engineering 
features affecting opcrabiiity and maintainability should be included in the 
development tests. 

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

One of 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 control and manipulations of all 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 Eorce (OPTEVFOR), based 
on the East Coast at Norfolk and on the West Coast at San Diego. 

As described in Chapter 3. Volume II, of COMOPTEVEORINST 
3930.1. COiVIOPTEVEOR is required to verify the suitability, from a human 
factors 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 M1L-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 

c. Special tool requirements 

d. Communications 

e. Environmental conditions 

I". Hazards and safety 

g. Work cycles 

h. Adherence to design specifications for such things as conliol- 
display relationships, visual and auditory displays, controls, labeling, and 
anthropometric (body measurement) factors 

As each system is submitted to OPTEVEOR for evaluation, an 
OPEVAL test plan is prepared. If the system is small and uncomplicated, 
or if 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 if the OPEVAL project manager requests direct support, then the human 
engineering test program may be handled by human engineering personnel 
brought in from Navy laboratories. 
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Assessment of system human engineering status is obtained via a 

series of tests euiulueted during OPliVAL One sueii test is the 11-1 A, 

"Master Cheek List for Human I'npineering."' Used extensively, hut espeeial- 

\\ in tliose eases in which the evaluation is being directed only by the proj- 

ect officer, this checklist is basically MI1.-STI)-I472 adapted to COMOPT!-- 

VOR use. The II-1A test is used on almost every OI'Tl'VFOR evaluation 

program, and additional human engineering tests involving direct observa- 

tion and iccording may be used if either the project officer or human 

engineer deems it advisable. When appropriate, noise and illumination levels 

are also sampled as part of the human engineering tests. On occasion, human 

engineering variables are included with other test variables in the Operational 

Acceptability Tests (O-Tests). 

At the conclusion of the OiriTVI'OK tests a icport is prepared 

describing system deficiencies.   This report should contain a human engineer- 

ing section complete with photographs illustrating human engineering 

problems. 

In general, operational testing may be in any one of the three fol- 

lowing categories. 

a. Initial operational test and evaluation (lOT&lj. This includes the 

testing accomplished b\ or under the supervision of OPTTVFOR prior to 

the first major production decision. Such tests are often conducted by 

operational personnel on production prototypes to determine reliability, 

operability, compatibility, maintainability, and supportability prior to 

u'ng into production. 

b. "Follow-on operational lest and evaluation (FOT&F)" is the 

continuing lest and evaluation conducted under fleet conditions by operational 

personnel under OPTFVFOR direction. The purposes of FOT&F include: 

I I) verification of system performance under operational conditions. (2) 

validation of the corrections made for previously identified deficiencies. 

13) refinement of tactical employment doctrine, and (4) validation of the 

requirements for personnel and training.  FOT&F may be initiated either 

with production prototype or initial production systems. 

c. Acceptance Trials. The Board of Inspection and Survey is 

responsible to the Chief of Naval Operations for conducting acceptance 

trials of new ships and aircraft models prior to Navy acceptance from the 

contractor. The Board inspects the material condition of ships and aircraft 

and requires demonstrations of equipment and systems to ensure that per- 

formance meets contract specifications and satisfies Navy requirements. 

3.4.3 TFST PLANNING 

Careful 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 of 

the test system, criteria to be used, procedures, instrumentation, test 
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IH'i'soniicl. simiilalion rctiuireitien's. ;incl testing scquoiurs. It is ulso 
important that it inclutlc a specifiL' livalnicnl of how tin' ihta will he 
ivduml and ainily/od. This is essential to ensure thai the provisions for 
data gathering are sound and reasoiiahle. 

The question of the degree of realism to be ineorporatecl in the test 
must he carefully considered, it should also he recognized that there is a 
Irade-olT between realism and degree of control. That is, if a lest is to he 
conducted under carefully controlled conditions akin to those in a psy- 
chology laboratory, operational realism must be sacrificed. Conversely, 
if a lest is conducted under highly realistic operational conditions, many 
factors are completely out of the experimenter's control. What is usually 
done is to test specific man-machine relationships under highly controllable 
laboratory-type conditions, but to test the entire system under more nearly 
representative operational conditions. For example, if performance on a 
new keyset is to be tested, it can he done under rigidly-controlled experi- 
mental conditions including precisely-generated and repeatable simulated 
inputs. On the other hand, testing of a new intercept control system can- 
not use a '■canned" 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 operalor-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 reliability of the tests 
are concerned. There are many standard reference works covering these 
topics. 

3.4.4 MITIIODS APPROPR1A1 "ÜRTHST AN!) EVALUATION 

3.4.4.1 IlTRATIVl-: USH OF ANALYTIC TOOLS. During the 
development process, the human engineer uses a number of analytic tools as 
described in sections 3.2 and 3.3. Selected use of these tools in an itera- 
tive fashion 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 ^nne tool     operational sequence diagramming 

may he used, but it is 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, etc.. with 
respect to the actual flow of information. 

3.4.4.2 OUFSTIONNAIRF AND INTLRVIFW TFCIINIQUHS. 
The questionnaire and interview are useful to get information which can- 
not he obtained by direct observation.  By going directly to operators, 
mainlainers. and users with properly structured questionnaires or inter- 
views, the following kinds of information can he derived: 

a. Unusual problems in operation and maintenance of the same 
or similar systems 
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b. Idetts tor improvotl proccciurcs and practical equipment 
nuHlit'ications 

c. I'stimatcs of processing times and error rates under various 
conditions 

d. User acceptability 

e. interlacing problems with other systems 

Questionnaires and interviews must be planned and used judiciously 
so as to be able to elicit the needed information, but not impose excessive 
burden on operational personnel. 

3.4.4.3 DIRF.CT OBSERVATION. A great deal of evaluative-type 
inl'ormation 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, legends, illumination, etc. 
Other observations can be made only under actual operating conditions, 
including, for instance, the time required to complete operation or main- 
tenance functions. A sample checklist designed to apply to both opera- 
bility and maintainability factors is included in appendix 1). 

3.4.4.4 DATA RHCORDiNCi. As used here, data recording means 
collection of quantitative data or reproducible sequences by means of 
instrumentation such as counters, event recorders, XV 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- 
face is often extremely important because, in many situations, the record- 
ing equipment must not intrude electrically, mechanically, or psychologi- 
cally with the man-machine system under test. An example of a non- 
intrusive recording system is OPRHDS, recently developed by NELCs 
Human ["actors Technology Division. OPRHDS is designed to record 
operator actions at up to I 5 NTDS consoles, it interfaces with NTDS at 
the buffer amplifier, but in no way interferes witii 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 of unnecessary data can seriously inflate the cost of the test and eval- 
uation program. Particularly during OPHVALS, there are so many vari- 
ables that can affect performance that the candidates for recording must 
be selected with care. Also, it should be noted that many variables are 
slow-changing with respect to the duration of a particular operation. 
Weather conditions, sea state, propagation anomalies, crew training and 
morale, equipment readiness state, etc.. may be dealt with simply by 
noting the prevailing conditions at the time of the test. It is. however, 
important that all major performance-shaping variables be dealt with 
in some way     by controliing them, continuously recording them, noting 
their presence, etc.     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 sludy ;iie ;i number of 
ibrnializi'd U'chniquos for critical examination and work mcasureiiicnt. 
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 
from industrial engineering, such as motion and time study. A description 
of 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.() MOCK-UPS. Man-equipment relationships in three dimen- 
sions can be evaluated by means of mock-up techniques. Refer 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 elTorts. In some develop- 
ments, contractors are brought in early and have a 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 specific and detailed specifications for hardware and software. Gen- 
erally, human engineering services and products are included as part of a 
larger contract for hardware and/or software development. The material in 
this section is applicable in either situation; however, when human engineer- 
ing is part of a larger contract, RFF 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 

4.11 CATHGORIHS 

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 either 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 effort 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 its 
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 is basic to consideration of all further human factors 
work. Two approaches to requirements analysis are lecognized: 

a. Documentation Review. In this approach the contractor reviews 
and interprets relevant documentation dealing with such material as 

Preceding page blank 
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clericiencies of predecessor or related systems; field 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. 

a. 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. 

c. E.icilities 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 How and processing required to accomplish the system objec- 
tive. They include decisions and 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 (set section 3.2.3.2). 

b. Time Line. A detailed 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. 

c. Performance Prediction. This service includes those analytic func- 
tions aimed 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, eontrol-display, and communication requirements. In addition, 
estimates are made of the effects on these capabilities likely to result from 
implementation or nonimplementation of detail design recommendations. 
Where total system response time and accuracy arc primarily determined by 
human performance, predictions of total system response in terms of speed 
and accuracy should be included. For maintenance functions, performance 
prediction should include mean fault isolation and restoration times. The 
associated end products are operability and maintainability performance 
prediction reports. 

d. Gross Task. This analysis presents in brief 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 fine 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 functional level only. For example, column headings might be 
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"bridge," "engine room," and "C'IC." Information transferred might include 
"rudder orders," "engine speed orders," "new target detections," "CPAs," 
and "recommended course changes." 

(2) The second-level OS!) 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 modes 
such as electrical, voice, and visual. 

(4) The fourth-level OSD also shows information transfer in 
specific modes, but deals with information at the discrete action level (button- 
pushing operations, voice commands, etc.). At this level each 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 How 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 information categories which must be processed at the operator 
station. The associated end products are man-machine How charts (fig. 3.5), 
input-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 electrical 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 affecting 
the livability of working, messing, berthing, sanitary, and recreational spaces, 
[•"actors taken into account are lighting, air circulation and purity, tempera- 
ture, humidity, color environment, comfort of chairs and bunks, suitability 
of lockers, adequacy of sanitary facilities, noise levels, housekeeping factors, 
esthetic considerations, etc. 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-off 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-off studies involving a significant commitment of man- 
power shall be carried out as specially negotiated with the contracting agency. 
The associated end product is a set of trade-off analyses reports. 
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k. Allocation Studies. From projected operator/maintainer perform- 
ance data, cost data, and known constraints, the contractor shall conduct 
analyses and trade-olT studies to determine which system functions should be 
machine-implemented and which should be reserved for the human operator/ 
maintainer. The associated end product is a function 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. It 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 haidware, 
software, and support equipment; development of 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 products are listed below. 

a. Performance Specifications. Performance specifications 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. 

c. 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 facilities. 

(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 kepi up-to-date to reflect design progress and changes. The work- 
manship should be no more elaborate 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) Functional, full-scale mock-ups to check the operation of 
critical controls and displays in the prototype configuration. 

e. Dynamic Simulation. Dynamic simulation techniques may be utilized 
as a 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 engineering 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 
recommendations shall be provided at the inception of the particular design 
effort. The associated end product is a design guidance package including 
initial guides and periodic supplements. 

h. Design Review. Human engineering 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 through informal 
contact, (2) review and approval sign-off on drawings, and (3) participation 
in all design review meetings. An essential aspect of this service is the resolu- 
tion of design problems which could adversely affect human engineering 
features. When satisfactory 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. Control/Display Hardware Selection. This service 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 items; (3) re- 
view of these recommendations with cognizant engineering groups; and (4) 
compilation of final hardware lists which are acceptable from both engineer- 
ing and human engineering standpoints. Any irreconcilable differences should 
immediately be called to the attention of the contract monitor. There is no 
associated end product (administrative summary only). 

j. Panel Layout and Arrangement. This service provides human- 
engineering 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, togetf T with supporting documentation. 

k. Work Space Arrangement. This service is comparable to service j 
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. Hquipment 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 effort. 
It specifically covers detail design of hardware items to be fabricated instead 
of purchased. All designs shall be compatible with the provisions of M1L- 
.STI)-I472. 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 engineering standpoints. 
The associated end product is a set of detail design drawings and supporting 
documentation. 

n. Training Irograms. This service develops training programs for 
user, operator, mail lenance, 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 a 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 for 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 
support in the preparation of maintenance manuals and shall include: (1) 
specific discussion of 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 effort. 

a. Checklist Preparation. This service calls for preparation of special- 
purpose human engineering 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 engineering elements 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 early as feasible in the development process and as often as neces- 
sary to ensure timeliness with design changes. The associated end product is 
a design verification report. 

c. 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 verify 
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 personnel 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 acceptable performance of the above tests. 
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 c 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. 

e. Test Support. This service provides continuing test support during 
tests conducted by the government in its laboratories, at lest facilities, in the 
field, or in the fleet. This support includes test planning, participation in test- 
ing programs, interpretation and evaluation of 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. l;olk)\v-up Studies. This service is to conduct systematic follow-up 
studies of a now system after it lias been accepted for service 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. Applied research may be required 
at any stage of development as determined by the contracting agency. The 
associated end product is a research report. 

4.2.2 SPECIEICATION OF SERVICES AND END PRODUCTS 

This section suggests a mechanism for specifying 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 summarize the pattern of human 
factors services and end products which he proposes to supply for each block 
of work. The same type of matrix may he used by the contracting agency to 
summarize the human engineering services and end products which are being 
included in an REP or contract. 

One way to use such a matrix would be to enter in each 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, C1C, 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 LABOR COSTS EOR HUMAN ENGINEERING SERVICES 

a. Laboratories. Labor cost for human engineering 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 S35k. 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 each service category in 
each of several subsystems (A-H). 

Service Category End Product 

Labor (Man Days) by 

Subsystem 

Man 

Days 

Total A B C D E F G 11 

A. Program Planning. Preparation 

of original HE plan and updat- 

ing as required. 

Program Plan 

B.  Requirements Analysis 

1. Documentation review ■ prior 

systems, (leet observations, 

evaluations, requirements, 

documents, etc. 

2. Field studies. Direct obser- 

vation of personnel, environ- 

ments, operational settings, 

systems, facilities, etc., of 

related systems. 

Report and 

bibliography 

Report 

C.  Man-Machine Concept Develop- 

ment. 

1. Man-machine systems po- 

tentially meeting require- 

ments. 

2. Specific manned equip- 

ments compatible with 

overall system concepts. 

3. Facilities needed for hous- 

ing of personnel, materials 

storage, repair, etc. 

Report 

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 Categüry 

3. Pcrroiniance prediction oC 
accuracy, rate, and time 
delay lor each operator/ 
inainiaiiiei 

4. (iioss task analysis    naria- 
live descuption ul'opeiators 
action in peilormmn the 
given task. 

5. Fine task analysis, identi- 
lies mtormation ret|iiiie- 
nients, decision and motor 
actions, workspace, tools, 
personnel qualifications, 
etc. 

(). Operational sequence. 
Sequence of operations, 
delays, transmissions, and 
receipts within and be- 
tween man-machine 
stations. 

7, Man-machine station. 
Thorough informalion 
How analysis for each 
operator station 

H. Hazards. Systematic idciv 
lification of potential 
hazards in operation and 
maintenance, and possible 
solutions. 

9. liabitability. Livability 
of working, messing, berth- 
ing, sanitary, and iccrea- 
tional spaces. 

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

! 1. Allocation of functions to 
man or machine. 

lind Product 

Labor (Man-Days) by 
Subsystem 

ABCDEFGH 

Report 

(iioss T. A. 

•me T. A. 

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

USD levels 
1-4 

MM flow 
charts 
Input- 
Output 
charts 

Report 

Report 

Report 

AJlocation 
table 

info require- 
ments table 

Man- 
Days 

Total 
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Service Category lind Piüduel 

Labor (Man-Days) by 
Subsystem 

ABCDEFGH 

Man- 
Days 

Total 

13. Control/display/eommiiiil- 
cation requirements. Ex- 
lends 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 conlri- 
bution to equipment and 
system hardware specifica- 
tions. 

3. Software specifications. 
Computer programming 
requirements for man- 
machine interlacing and 
information processing. 

4. Mock-ups. (a) reduced 
scale, (b) full-scale "sofl," 
(c) full-scale hard, (d) 
limctional. 

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

Spec input 

Spec Input 

Spec input 

Mock-up 
a-d 

Report 

ft. Consultation. 

V. Design guidance. General 
and specific rccommenda- 
lions to design groups. 

H. Design review. Parlicipa- 
lion in and critiquing of 
design reviews. 

As appropri- 
ate 

Design guides 

As appropri- 
ate 

Hardware selection. Re- 
view and recommenda- 
tions for selection of off- 
Ihe-shelf hardware for 
controls, displays, work- 
space, etc. 

Hardware 
list 

gygjaflHflmjgBütgyiiaiiJi u,^^^^..^*^..^^."^-^^^ 



^mmmm^^^'^^^,'m'!l 

Service Category 

10. Panel layout. Human engi- 
neered panel layouts for 
guidance of detail design. 

11. Work space arrangement. 
Human engineered arrange- 
ments for an entire work- 
space. 

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

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

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

15. Operator manuals. Differs 
from (12) in that it pro- 
vides operationally- 
oriented as well as 
equipment-oriented pro- 
cedural inputs. 

Id. Maintenance manuals. 
Man-machine interfaces 
lor maintenance; mainte- 
nance decisions; guidance 
on formatting, pkg mainte- 
nance instruction materials. 

lind Product 

Design Verification. 

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

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

Drawings & 
supp docu- 
mentation 

Drawings & 
supp docu- 
mentalion 

Equipment 
proc 

Drawings and 
documenta- 
tion 

Training pkg 

ABCDEFGH 

Labor (Man-Days) by 
Subsystem 

Inpuls to opn 
manual 

Input to 
maim 
manual 

Cliecklisl 

Design verif 
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Service Category tnd Product 

Labor (Man-Days) by 
Subsystem 

Man- 
Days 

Total A B C D E F G H 

.1. Test planning. All planning 
necessary to ensure proper 
consideration ofhutran 
reliability and man-machine 
perlbnnance in system 
tests.. 

•1   Test and evaluation. Pro- 
vides i'oi carrying out 
planned tests, evaluation 
of results, and lest report- 
ing. 

5. Environmental measures. 
Ouanlitative measure- 
ment of the physical 
environment under normal 
and/or extreme conditions. 

(). Follow-up studies. Pro- 
vides for sy sterna tic- 
follow-up studies of a new 
system after acceptance 
for service use. 

HE test plan 

HE lesl report 

Tables 

Report 

G. Applied Research. 

1. System-specific human 
engineering studies related 
to man-machine system 
design options. 

Report 

from approximately $25k to $50k per man-year, depending upon the human 
engineer's qualifications and job requirements. 

4.2.4 PROPORTION OF PROJECT COSTS FOR HUMAN ENGI- 
NEERING 

The limited experience with human engineering as a contract require- 
ment on ship's system programs has not permitted indisputable determination 
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% 
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 
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 
extensive crew interactions are required, human engineering costs may reach 
67, or T/< of tiie acquisition costs. 

4.3 PREPARATION OF THE REQUEST FOR PROPOSAL (RFP) 

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

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 
major tasks, discussed in detail below, are: (a) review and expansion of func- 
tion analysis, (b) definition of scope, (c) estimation of human engineering 
effort, (d) selection of criteria for assessing personnel qualifications, (e) selec- 
tion of references and guides, (f) identification of end products, (g) definition 
of criteria for evaluating proposals, and (h) preparation of inputs to the RFP. 

a. Review and Expansion of function Analysis. The human factors 
program manager and staff should participate in the review of documenta- 
tion and assist in development of top- and first-level function How diagrams. 
The human factors manager should refer to the several available guides to 
assist in this analysis activity: "Human Engineering Guide to Equipment 
Design" (Morgan, ed.), "Human Engineering Guide for Equipment Designers" 
(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 
new system    hazards beyond the usual requirements for conventional con- 
trol of noise, vibration, and acceleration hazards    he should seek assistance 
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 
what the RFP 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, to be placed directly in the RFP or included as exhibits to it: 
(I) top- and first-level function flow diagrams, (2) a set of operator/maintainer 
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 areas which appear to require further definition and resolution. 
The inclusion of these items in the RFP accomplishes two major functions: 
(I) reduces the contractor's overall workload, thus permitting his personnel 
to spend more time on detail design effort, and (2) provides an indication to 
the contractor concerning the Navy's thoughts regarding man-machine 
allocations. 
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It. Derinition of Scope. i*i| .[^.<to835, "Human Hngineering Require- 
ments for Military Systems, Hquipmenl and Facilities," should be used us a 
basic guide to define the scope of the human engineering effort. This specifi- 
cation establishes and defines the general requirements for applying human 
engineering principles and criteria to military systems development, including 
work to he accomplished by contractors. In general this specification requires 
human engineering effort in the following key areas: (11 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 RFP 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 final design decisions and 
what type of information should be developed to support other personnel 
subsystem design decisions. It 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 effort, it may in fact not occur unless the RFP makes 
a point of it. The RFP must make it clear that man-machine function alloca- 
tions, hardware design, task 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 
RFP) that a human engineering program plan be submitted as a distinct 
requirement in each contractor's proposal. This plan should include at least 
the following: 

(i)   A detailed description of the proposed human engineering 
effort, including a set of specific work statements covering systems analysis, 
literature review, design trade-off studies, mock-up studies, design assist and 
monitoring, maintenance concept development, safety analysis, and proe;ram 
planning for the prototype 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 each 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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c. Estimation of Human Engineering HlTort. it 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 of "Is it really vital?" There 
are no hard-and-fast rules by which the human factors 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. 

As a general rule, the human factors program manager should examine 
each 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, he must refer to his own experience. A block 
of hours should be estimated for each 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, therefore, 
better to be dropped than modified. 

It should be pointed out, however, that the human factors program 
manager is responsible for seeing that essential human engineering tasks are 
not arbitrarily 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 clear'v 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, if 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. 

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 a 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 engineering specialist, not an engineer who is assigned 
human engineering responsibility as a collateral duty. A minimum of 5 years' 
experience is recommended. 
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In the event the study requires research in a specialty area such as 
vision, audition, or control-display simulation, the contractor should provide 
a specialist lor 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 
should be included in all RFPs     MIL-l 1-46855 and M1L-STD-I472. The 
first reference provides general guidance for defining the requirements of a 
human engineering program, the second provides a set of human engineering 
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 Engineering Guide to Equipment Design," (rev. cd) 
VanCotlandKinkade(ed), 1972 

• "Human Engineering Guide for Equipment Designers," Woodson 
and Conover, 1966 

• "Maintainability Design Criteria Handbook for Designers of 
Shipboard Electronic Equipment." NAVSH1PS 94324, 1965 

• "Psychological Principles in System Development," Gagne 
(ed), 1962 

• "Human Factors Evaluation in System Development," Meister and 
Rabideau. 1965 

• "Human factors: 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 area and stated in the REP. These criteria should be 
stated as specifically as possible and given weightings in terms of importance. 
For example, the following evaluation criteria should be considered as basic: 

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

(2) Scope of proposed effort    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. 

78 

mmnaiaiagiaBii f^Ji(i^jfi^.^^^aF■'^'^'v■""ii, 



w^5^^^^^wls^^wftw^',w'r, ^-v-  ;;;-v .-  Tajwyp^w^^ 

(3) Technical approach    whether the contractor's approach to 
problem analysis and solution is technically sound and sulTiciently supported 
by previous experience or backup material to indicate probability of success. 

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

See also the criteria in section 4.4.2. 

h. 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, etc.). 

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

(4) interface Requirements (interaction internally, with the Navy, 
and with other government agencies). 

(5) Reference Documents (specifications, standards, guides, tech- 
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 Item 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 Engineering Section and other sections of 
the RFP. The Navy human factors program manager should detect and resolve 
the following types of situations: 

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

(2) Conflicts between reference documents (i.e., a hardware speci- 
fi ition may conflict with MIL-STD-1472 human engineering in certain cases). 
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(3) Conflicts in terminology (i.e., human engineering terminology 
for a certain type of analysis may be diiTerent 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) Conflicts between analytic descriptions (i.e., a function block 
diagram may be at variance with other analysis charts or tables). 

The above types of discrepancies occur because diiTerent people may 
prepare the various parts of the RFP without sufficient time and opportunity 
to comnumicate with each other. Although a final editor will correct many 
of the inconsistencies in the final draft of the RFP, 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 bul true that the updating of military specifications and standards is 
always behind the need. Moreover, 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 conflicting 
statements. It is 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- 
llicts should be resolved by deletion of one or the other (i.e., deletion of a 
particular paragraph) or by supplying a statement of policy regarding 
priority. Above all, do not accept the general policy that an engineering 
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. It 
therefore does not follow that the proposal which is rated best for human 
engineering will be selected; other factors may outweigh this one. (Of 
course, no proposal which is unsatisfactory from a human engineering stand- 
point should be accepted without modification even though it might rank 
best with respect to other factors.) It 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  ADVANCH PLANNING FOR PROPOSAL FVALUATION 

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

Because of the magnitude of the evaluation task, contractor submitlals 
will generally be broken out into distinct 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 for review and evaluation. In addition, there gener- 
ally are many sections of the contractor's submittals which include human- 
factors-related information which fall 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, etc. The evaluation plan must be designed 
so that human factors representatives have access 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. 

4.4.2 PROPOSAL EVALUATION CRITHRIA 

The specific 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 specified weightings. Other criteria which may be useful 
are listed below. 

4.4.11  CRITHRIA RHLATHDTO TKCTINK'AL ASPHCTS. 

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

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

c. Quality and effectiveness of special human engineering reseaich 
study efforts and validity of the conclusions. These studies should be judged 
on the basis of 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. HITectiveness of proposed display-control configurations and 
other man-machine interface designs and completeness, quality, and effec- 
tiveness of supporting rationale and data. 

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

f. Adequacy of the personnel system manning and training analysis 
and training concept. 
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4.4.2.2 CR1THRIA RHLATEI) TO MANAGLKIAL ASPECTS. 

a. Suitability of proposed human luctors program stalTing and 
scheduling for the next phases of development. 

The contractor's organization should indicate (1) the priority placed 
on human engineering by the level at which his human factors program 
manager appears, and (2) the probable eiTectiveness of his human engineering 
program by how his human engineering staff is integrated throughout the 
various engineering 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, etc.), it can be assumed the contractor does not expect 
much human engineering interaction with the total system. 

b. Related experience     whether the contractor has sufficient 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, etc.) and an acceptable record of cost and 
schedule control. 

c. 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. Bach proposed work task 
should be clear and concise and reflect an understanding of the operational 
requirement and study objectives stated in the RFP.   Proposed work tasks 
which are in addition to those requested in the RFP should be judged 
on their own merits on the basis of (I) whether or not they appear to 
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 or interfere with the basic tasks defined in the RFP. 

e. Suitability of Schedule, Manpower, and Cost. The scheduled com- 
pletion of individual human engineering tasks should indicate timely input 
to other aspects of the program. Human engineering inputs to system design 
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; 

a. 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. 
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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. 

c. An outline of the hum-in 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. 

c. A description of any special human engineering research required 
in support of design. This will include any additional operator performance 
validation studies. 

I". 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 training 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, safety evaluation, etc. 

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

j. A description of the proposed organization, staffing, 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 fand g are not prepared by 
the contractor's human engineering staff. They are usually the responsibility 
of 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 engineering 
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 engineering capability. 

4.6 TESTS BY THE CONTRACTOR 

Tin 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 
assumes certain responsibilities in support of the Navy OI'HVAL. program 
once the system is delivered forOPTHVFOR test (see section 3.4.2.2).  For 
example, the contractor typically provides technical personnel to help 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). i'rior to 
commencing testing each proposed test identified in that original plan should 
be elaborated upon to the following level 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. 

c. Data Collection Parameters or Categories of Data Recorded (length 
of work cycle, size of crew to perform checkout, etc.). 

d. Test Criteria and Measures 

(1) Criteria of test accomplishment (for example, two replications 
of each task, weapon successfully fired, etc.). 

(2) Measures to be taken (for example, start/slop time, errors, 
discrepancies between operator actions and prescribed TO procedures). 

e. Data Collection Methods 

(1) Number of data co^ectors 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 forms, observations, and how they are to be used). 

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

f. Subjects 

(1) Number. 

(2) Type (characteristics, background, rating, etc.). 
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(1) RckitionslupN which are to be loslecl statistically (for example, 
mimher of lest points as related to speed of troubleshooting). 

(2) Statistical analysis methods to be employed (Chi-square, 
regression analysis, etc.). 

h. Corrective Action and Reporting Procedures 

Several types of test and evaluations may be conducted by the con- 
tractor's human engineers. These include: (a) mock-up time and motion 
tests: (b) operator/maintainer procedure error performance tests; (c) work 
load studies; (d) environmental stress tests; (e) job aid evaluation; and (f) con- 
trol, display, and habitability interface evaluations. In addition, the contrac- 
tor's human engineers should participate in other engineering tests wherein 
human engineering implications are present.  For example, they should parti- 
cipate in equipment tests which provide an opportunity to measure equip- 
ment vibration and noise levels, examine moving machinery hazards, and 
observe assembly and disassembly procedures. 

Special test facilities unique to human factors lest 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 
capabilities and design his test program to utilize these effectively. When it 
appears that a human engineering lest is required and the contractor does 
not have such a facility within his own plant, he should identify these needs 
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 early enough in the program planning 
to make them available. This may be an area in which Navy laboratories can 
provide assistance. 

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

a. Darkroom for lighting and visibility tests. 

b. Dynamic visual field simulator for generating a picture of the out- 
side visual environment as it changes with the motion of the operator/system. 

c Dynamic motion simulator to simulate operator/system kinesthetic 
motion effects. 

d. Deep diving (water) tanks to simulate underwater environment. 

e. hnvironmental pressure chambers (man-rated). 

Human engineering test and evaluation reports should be prepared 
ami submitted to the Navy human factors program manager on a timely basis, 
either as a part of periodic progress reports or as a separate report following 
a significant test event. 
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4.7 CONTRACT MONITORING 

All conlnick'd work involving luinum engineering services and end 
produels requires monitoring by qualified Navy representatives to ensure 
compliance with contractual provisions and appiicahle specifications and 
standards. 

4.7.1 GUIDANCH MHHTINC 

Normally on large contracts a guidance meeting is called by the 
Navy project manager with participation by key representatives of both the 
Navy project office and the contractor.  Both Navy and contractor human 
factors representatives should lake part,  if 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 
purpose of this meeting is to review the contractor's human factors program, 
particularly the human engineering effort, and to agree upon the final scope 
of work. At this time, modification to the program based upon deficiencies 
noted by the Navy evaluations will be presented, changes in level of effort 
required by negotiated budget considerations will be discussed, and new task 
recommendations or modifications in approach will be considered. The pri- 
mary constraint in these deliberations will be the budget allotment. Any 
changes in the contractor's final plan must be compatible with the negotiated 
contract budget. 

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

4.7.2 VISITS TO THH CONTRACTOR'S PLANT 

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- 
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: 

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

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

c. Cheeking on thoroughness and effectiveness of the human engi- 
neering review on drawings. 

86 

mammm ^i^Miaaiiiiiiiaiiifi^aMMMi^iiiiii rinii'iiniriiwiiit' 



ÜPSSPWPTOWP* 

d. Reviewing tlic luinmn engineering file tor quality of work and 
potential prohlems. 

e. i'artieipating in int'onnal design reviews. 

Iji aN Ins dealings with the contraetor, the Navy representative must 
make eertain thai he oilers no statements, instructions, guidance or remarks 
of anv kind which can he interpreted by the contractor as a change in the 
scope of the contract. II' it should become apparent to the Navy representa- 
tive that a change potentially alTecting scope is needed, he must report this 
hack 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 each visit to the contractor's plant. The report should cover 
a status review, all problems encountered, and particularly any changes 
needed which may change scope of contract. 

4.7.3 DRAWING RHVIHW 

it is mandatory that human engineering be included in the contractor's 
drawing review and sign-off cycle. (This is a M1L-11-46855 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 if proper review protocol is 
established. One effective method is for all drawings to have the date stamped 
on 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 interface should 
be checked. To determine which drawings should be reviewed, the contrac- 
tor's human factors program manager should obtain a copy of the drawing 
release schedule, go over it in detail, and identify those drawings which 
appear important. 11" he is in doubt about a particular drawing title, he should 
contact the responsible engineer or designer and discuss with him what will 
be included on the drawing by the time it is released. 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. 

for the drawing review to be effective, the contractor's human engi- 
neer should have all pertinent functional information at his finger tips (func- 
tional descriptions, OSDs, task descriptions, etc.). By means of something 
like the human engineering design category list prepared earlier, 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. For 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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("uro musl ho liiken in cstuhlisliing llic drawing review prolocol so 
thai recycling incliules llic human engineering function. Too often a signa- 
luiv is ohlained on the firsl go-around, and later changes are made without 
Idling human engineers review them. 

One further note concerning the contractor's drawing review involves 
the method used to cover outside vendor or subcontractor design. The con- 
tractor can accomplish this in one of two ways: 11) vendor drawings can be 
submitted to the prime conlniclor for human engineering review, or (2) the 
vendor or subcontractor can complete his own human engineering drawing 
review and provide the prime contractor with documentation of the results, 
in either 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 
carried out. lie can do this best by sampling drawings during his plant visits. 

4.7.4 lORMAL DISKiN RHVIKW 

Although human engineering personnel will be involved in frequent 
in-house informal design .eview sessions, this section is devoted to those key, 
specific, contractually required review meetings held at specified times 
between the Navy and the development contractor. Two formal customer/ 
contractor reviews are normally included as contractual obligations for all 
prototype model developments:  Preliminary Design Review (I'DR) and 
Critical Design Review (CDR).   These are designated as key milestones on 
the negotiated development schedule. 

The titles of the formal reviews are generally self-explanatory. The 
I'DR is a decision point at which the contractor's predesign is examined in 
detail to decide whether all parties are satisfied that detailed design work 
should proceed. The CDR is a decision point at which detail design is 
accepted by the Navy and the contractor is permitted to proceed with fab- 
rication.  Beyond this point no major design changes should be introduced. 
Although the CDR is ostensibly the final formal review prior to design 
freeze, it is possible that another similar review may be necessary. This 
would occur if changes resulting from the initial CDR made it necessary to 
perform additional trade-off studies and new design activity requiring another 
approval prior to initiation of fabrication. 

for these reviews to be effective, both parties (Navy and contractor 
project slaffsl must have completed their "homework" so they are prepared 
to discuss the design intelligently. Although the contractor should be ready 
due to his day-to-day design activity, the Navy has received only bits and 
pieces of information through informal contracts, progress reports, etc.  It is 
the contractor's responsibility (and also to his advantage) to supply the Navy 
project manager with as much backup material as possible in addition to the 
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design descriptions and drawings to be presented in the review. The contrac- 

tor's human factors program iiKinager should provide a prereview package 
including at least the following: 

fhe latest versions of the functional descriptions of system 

hardware. 

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

mission items pertinent to the particular stage of development. 

c. Results of critical engineering and human factors trade-off studies, 

mock-up, and simulation studies or other supporting studies performed prior 
in the review. 

d. Copies of any plans (preliminary or otherwise) needed to be con- 
sidered during the review. 

e. Pertinent drawings, photographs, or sketches useful in providing 

the Navy's human factors program representatives a clearer picture of the 
state of the program. 

This human factors 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 

at tin contractor's facility. It is suggested that a demonstration plan, in- 
cludi ig an objective checklist for mock-up evaluation, be developed and 

distributed as part of the agenda. In this way the Navy project manager and 
his staff will have an opportunity to suggest additional items for the 
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 early as possible to make sure 

they meet with his approval. 

During the reviews the contractor's human factors program manager 

should be prepared to assist in every way possible, including: (a) oral pres- 

entation of those sections of the design effort which are the prime responsi- 

bilities of human factors engineering, (b) preparation of mock-ups, slides, or 

other visual aids, and (c) provision for demonstration subjects appropriately 

supported by typical garments and life support or other gear and equipment 
which arc necessary to create a realistic demonstration of the operability and 
maintainability features of the mock-ups. 
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5.0 BIBLIOGRAPHY* 

5.1   INSTRUCTIONS AND NOTICES 

COMOPTF.VFORINST 3930.1, Volumes! and II, Revision of Project I^truc- 
tions (Volume II, Chapter 3, Annex D, E, F) 

DOD DIR 1000.3, Accident Prevention and Safety Policy for the Depart- 
ment of Defense 

DOD DIR 4100.35, Integrated Logistics Support Planning Guide for DOD 
Systems and Equipment 

DOD DIR 5000.1, Acquisition of Major Defense Systems 

NAVMATINST 3900.9. Human Factors 

NAVMATINST 3910.5, Procedures for Preparation, Submission and Distri- 
bution of Technical Development Plans (TDP's) and Research and 
Development Planning Summaries (DD Form 1634) 

NAVMATINST 4000.20, integrated Logistic Support Planning Policy 

NAVMATINST 5300.8, Development and Review of Enlisted Manpower 
Requirements in Naval Ships 

NAVSHIPSINST 4000.17, Promulgation of Integrated Logistic Support 
Planning Policy 

NAVSHIPSINST 5432.1, Naval Ship Systems Command (NAVSHIPS) 
Organization Manual 

NAVSHIPSINST 9020.30, Utilization, inspetion, and Approval of Full 
Scale Mock-ups of Machinery Spaces in Non-nuclear Surface Ships 

NAVSHIPSINST 9020.35, Policies and Procedures for Standards in Ship- 
board Command and Control Spaces 
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Financial Support of BUPERS Personnel Research 

OPNAVINST 1 500.8, Preparation and Implementation of Navy Training 
Plans for New Developments 

OPNAVINST 1500.20, Personnel and Training Policy Related to New 
Systems 

OPNAVINST 3910.4, Technical Development Plan (TDP) 

OPNAVINST 3910.6, Instructions for Preparation, Coordination and 
Review of Specific Operational Requirements (SOR) 

*Last issue in effect; tliereforc, letters and dates are not usually included. 
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Objective (ADO) 

OPNAVINST 3910.8. Proposed Technical Approaches (PTA) 

OPNAVINST 3910.9, General Operational Requirements (GOR) for Navy 
Research and Development 

OPNAVINST 4100.3, Department of the Navy Integrated Logistic Support 
(1LS) System 

OPNAVINST 4700.16, Standard Navy Maintenance and Material Manage- 
ment System (3-M System) 

OPNAVINST 5300.3, Development and Review of unlisted Manpower 
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OPNAVINST 9330.5. Environmental Control Standards 
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SECNAVINST 4000.29, Development of Integrated Logistic Support for 
Systems and Equipment 
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MiL-F-18870, Eire Control Equipment, Naval Ship and Shore, General 
Specification 

MlL-l 1-46835, Human Engineering Requirements for Military Systems. 
Equipment and Facilities 

MIL-l-983. Basic Design Requirements for Interior Communication Equip- 
ment, Naval Shipboard 

MIL-M-1 7779, Mock-ups for Shipboard Command, Control, Combat 
Direction, and Communications Stations and Spaces 

MIL-M-23530, Mock-up of Main and Auxiliary Shipboard Machinery Spaces 

MIL-M-24100, Manuals, Orders and Other Technical Instructions for Equip- 
ment and Systems 
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M1L-P-28700 (NAVY), Personnel Planning Data for Naval Systems 
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MIL-STD-471, Maintainability Demonstration 
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ability, Human Eactors, and Safety 
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and Production 
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Equipment and Eacilities 
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AFSC DH 1-6, System Safety Handbook 

NAVEXOS P-643. Handbook of Human Engineering Data for Design 
Engineers 

NAVMAT P3910A, February 1966, Guide for the Preparation of Proposed 
Technical Approaches (section 8) 
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of Shipboard Electronic Equipment 

NAVSHIPS 0900-002-3000, Reliability and Maintainability Training 
Handbook 

NAVSH1PSINST 5200.17, Promulgation of Shipborne System/Equipment 
Acquisition Manual (SS/EAM), Design Work Study/Human Engineering 
and Shipboard Manning, appendix 6; Safety, appendix 26 

NAVSO P-2457 (rev 7-69), Department of the Navy RDT&E Management 
Guide 
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Monica, California 90406, published a "Table of Equivalents 
Between 111: I AS (llunian Hngineering Inlormation and Analy- 
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Standard 1472 
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APPENDIX A 

COMPARISON OF HUMAN AND MACHINE CAPABILITIES 
FOR PERFORMING VARIOUS VASKS 

SENSING AND MONITORING 

M;in Mudiine 

Men arc poor monitors of ml'requcni 
events or uf events which occur I'rc- 
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. 

Man has very low absolute thresholds 
for sensing (e.g., vision, audition, 
faction). 

Expectation or cognitive set may lead 
an operator to "see what he expects 
or wants to see." 

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

Machines perform well only in a 
generally clean, noise-free environ- 
ment. 

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

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

Machines do not exercise these 
processes. 

INFORMATION PROCESSING 

Man Machine 

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

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 baicd on items in memory. 

Machines have no capacity for 
performance different from that 
originally designed. 

Machines cannot do this. 

Corresponding machines do very 
poorly. 

Machines go directly to stored in- 
formation for decision. 
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Man has a built-in responsL1 latency 
of about 200 milliscconils in a go/ 
iio-go situation. 

Man is not well adapted to a high- 
speed, accurate search of a large 
volume of information. 

Man does not always follow an 
optimum strategy. 

Man has an extremely limited slior 
term memorv for factual material. 

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

Human performance 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. 

I he human has a limited channel 
capacity. 

Men are subject to anxiety which 
may affect their performance 
efficieii -y. 

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

Man can recogni/e and use informa- 
tion redundancy (pattern) in the real 
world to simplify complex situations. 

Man has high tolerance for ambiguity, 
uncertainty, and vagueness. 

Man has excellent long-term memory 
for related events. 

Machines need to have virtually 
no response latency. 

Computers are designed to do 
iusl this. 

Machines will always follow the 
strategy designed into them. 

Machines may have as much 
short-term (buffer) memory as 
can be afforded. 

Machines are well suited to these 
kinds of tasks. 

Machine performance is degraded 
only by wearing out or by lack 
of calibration. 

Machines can do one thing at a 
time so fast that they seem to do 
many things at once foi a long 
period of time 

Machines may have as much 
chanii''! capacity as can be 
afforded. 

Machines are not subject to this 
factor. 

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- 
put. 

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

Man can become highly llexihle in 
terms of task performance. 

Man can imiirovi.se and exercise 
jiuigmeni based on long-term mem- 

ory and recall. 

Man can perform under transient 
overload   his performance degrades 

gracefully. 

Man can make inductive decisions 

in novel situations: can generalize. 

Man can modify his performance as 

a function of experience: he can 
learn "to learn." 

Man can override his own actions 

should the need arise. 

Man complements the machine in 

the sense that lie can use it in spile 
of design failures, for a different 

task, or use it more efficiently than 

it was designed for. 

Machines are relatively inflexible. 

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. 

Trial and error behavior is not 

characteristic of machines. 

Machines can do only what they 

re built to do. 

Machines have no such capability. 

CONTROL 

Man Machine 

Man can generate only relatively 
small forces, and cannot exert large 
forces for very long or very 

smoothK. 

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 affected by high g-forces. 

Machines can generate and exert 
forces as needed. 

Machines do not have such limita- 
tions. 

Machines may be built which 
perform independently of 

gravity. 

Machine control functions may 

be designed to be largely un- 

affected by g-force. 
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Man 

Humans arc subject to coriolis effects, 
motion sickness, ciisoiientation. etc. 

Unselecled individuals differ greatly 
among themselves. 

Human perfonnance is degraded by 
long duly periods, repetitive tasks, 
and cramped or unchanged positions. 

Machine 

Machines are not subject to these 
effects. 

Individual differences among 
machines are small. 

Machines are less affected by 
long duty periods, perform 
repetitive tasks well; some may 
be restricted by position. 
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APPENDIX ;> 

TIME-LINi: ANALYSIS 

Timo-linc utuilysis is a technique used to help derive human pert'orm- 
anee iv(iuiiements by showini! (diauramatieaily) the functional and temporal 
relationships among tasks as well as the task loadings for any comhinalion of 
tasks. 

The time-line analysis is displayed by means of a chart or series of 
charts. Although numerous formats have been developed and used by vari- 
ous analyses, the most useful type is illustrated in figure 3.10 of this guide. 
In this format it can be seen that tasks are grouped by operator and displayed 
as a two-dimensional graph that indicates the estimated amount of the oper- 
ator's time which is occupied at various intervals along a common time scale. 

With this type of graphic the analyst can easily spot those intervals 
during a mission in which a given operator may be overloaded. It is obvious 
thai an operator cannot accomplish two tasks simultaneously if both occupy 
a single perceptual-motor channel or decision-making response 100'/? of the 
time. The lime-line chart exposes such conditions if it is properly developed. 
When such conditions are spotted, it is apparent that one of two things must 
be done    either a task will have to be given to another operator or the oper- 
ator must be provided some type of machine assist (e.g.. an operation 
becomes automatic rather than manual). 

The task load estimates come from several sources, for example, the 
task may be the same as or similar to a (ask required in another system which 
is in actual operation. Task time information from previous systems is gen- 
erally the most reliable, since it has been verified in practice. When such 
information is not documented, (he next best source of information is from 
operators who perform or have performed similar tasks. I( is desirable to 
get esdmales from several operators, since there is frequent variation in their 
eslimales. The human engineer generally has to probe the task question with 
(he operator in fairly good detail to provide (he operator with a basis upon 
which to make an estimate.  It is important, for instance, to clarify the fact 
that in some cases two tasks can occupy almost 100'/? of (he operator's 
time if one (ask involves a different perceptual-motor channel than the 
other.  For example, an operator can usually monitor an aural channel almost 
full (hue and s(ill monitor a visual display almost full time. When experienced 
operators are not available, the human engineer along with knowledgeable 
equipment engineers may have (o make an "expert guess" aboul the task. 
The human engineer will have to break the task down into iis simplest ele- 
ments and extrapolate from what he knows about division of attention on 
the basis of human performance studies. 

The time line may b   made up of a single, continuous chart from 
beginning to end of a mission, or (here may be several charts, each of which 
expands a particularly critical segment of the mission. The time scale should 
be commensurate with task complexity: i.e.. 5-minute intervals may be all 
(hat is necessary for simple tasks while 5-secoiul intervals may be required 
for more complex tasks. Whatever interval is used, however, should be com- 
mon for the total group of (asks and operators when they interact. 
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APPENDIX C 

LINK ANALYSIS I'ROCEDURIi 

Link analysis is ;i lociiniquc for dcvoluping a bosl anangoment of 
compononls on a control panel, lunclional Clements within a work station, 
eleinenls and IralTic How within a work area, or men and machines in a sys- 
tem. This technique is used only after decisions have hcen made regarding 
what items are to be on the panel, what equipment will he used in the sys- 
tem, how many men will he used. etc. Thus, link analysis is used to place 
the system components, he they items on a panel or men and machine in 
a work room, in the "best arrantiement" on the basis of criteria (such as 
minimum distance between men or fewest movements between men and 
equipment) important for the system under evaluation. 

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

A typical example of a link analysis for a system involving four 
operators and four pieces of equipment is shown below. 

Step I. Draw a circle for every man in the system and label it with 
a code nu.. 

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

letter: 

0 
Step 2. Determine the type of link between each of the equipments 

and operators, equipments and equipments, and operators and operators. 
The different link types should be coded, such as: 

 control links 

 visual links 

 talk links 

The three codes arc fairly standard for link analysis use. Other codes required 
can be made up by the individual doing the analysis. 

Step 3. I'stablish the "link value"" for each 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 (2) the number of limes 

Preceding page blank 
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Urequency) the link is used in completing the mission, A number between 
1 and 3 is assigned for both frequency ami importance, with the highest nimi 
ber representing maximum importance and frequency. As an example, if 
particular control movement on the panel 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 ( I) but critical when needed (3), its link 
value will be 3 ( I X3j. Thus, the link value is tound by multiplying the fre- 
quency rating by the importance rating. 

Selection of the frequency and importance ratings is usually based 
on past experience, either by the individual doing the analysis or someone 
familiar with similar systems already in use. In addition, the engineer 
responsible for the equipment design should be of assistance. 

Step 4. Prepare an analysis chart (fig. C-l) of the link values estab- 
lished for the system under evaluation. For each operator, show all the 
links (with each link value) associated with him. Do the same for each piece 
of equipment. For each operator and equipment item, add up the total of 
the link 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 5. Prepare a schematic diagram (or series of diagrams) of pos- 
sible arrangements. It is preferable to make this schematic to scale by cut- 
ting components out of paper and laying them on a scaled drawing of the 
space available (panel face, work space floor plan, etc.). Starting with the 
operator or machine with the highest total link value, place the remaining 
components around it. moving them as necessary to minimize link crossing; 
and shorten links, especially those with high link values. If conflicts occur 
between links, it may be necessary to reassess the original link values. The 
evaluation and rearrangement continues until the "best fit" solution is 
obtained. Figure C-2 shows the final layout of the sample system. It should 
be emphasized that additional changes may be required in system layout 
once full-scale mock-ups or early hardware make actual system layout and 
evaluation possible. 
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Figure C-l. Sample analysis chart for link val lies. 
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APPENDIX I) 

SAMPLE HUMAN ENGINEERING CHECKLIST 

VISUAL DISPLAYS 

DISPLAY TYPE, FORMAT, AND CONTLNI 

How appropriato to tin' purpose arc display lypc format, and content? 

Only needed information displayed 

Minimum conversion and interpolation 

Digital indicators if use is quantitative readout only 

Moving-pointer fixed-scale vice moving-scale fixed-pointer 

GO/NO-GO for either/or states 

Suitability for both maintenance and operation 

Scalar displays for qualitative information 

Is redundant infonr.ation displayed 

LOCATION OF DISPLAYS 

Does placement and grouping of displays satisfy the following? 

Can be checked from one position 

Single, simple access when located behind panels 

No removal of parts required for use 

Prime visual area reserved for frequently used displays 

Related instruments grouped together 

Fasy identification of separate groups 

Arranged for sequential operation if appropriate 

Acceptable parallax and shadow effects 

INDICATOR LIGHTS 

Indicator light use should conform to the following: 

Single function for each light 

Clear and unambiguous labeling 

Lights for maintenance covered during normal operation 

Needed labels visible at appropriate time 

Positive indication of power failure 

Easy check for operation of all lights 

Dimming control if ambient illumination changes 

SAT  UNSAT 

SAT  UNSAT 

SAT  UNSAT 
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MO 

SAT     UNSAT 

When necessary, legends reaihible when not illuminated 

[•"lashing lights (2-(i 11/.) for critical alerts 

Consistent e'ler coding 

l-'ront replaceable bulbs 

Apparent brightness of different colors balanced 

Critical or emergency lights brighter than others 

Lights visible under brightest ambient illuminatio'i expected 

I amp types standardized 

SCALAR DISPLAYS 

Scalar displays should be considered when: 

Information shows direction and/or rate of change 

Information quantitative over eonlhuunis range of values 

Scalar displays should provide fur: 

In/out-of tolerance coding 

(Iraduations fine enough for reading without interpolation 

Ouick. eas\. and accurate reading 

Immediate display of changes 

Critical limits not at either end of scale 

Clear break between ends of scale for single-revolution indicators 

Numeials placed outside ol'graduation marks 

Numerals should increase from left to right or bottom to top 

No upside down or hori/.onlal reading of numerals required 

COLOR CODING 

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

Color coding should indicate: 

Ri'D     equipment inoperative 

FLASHING Rl'l)     immediate corrective action required 

AMBER     marginal, unsatisfactory, or impending emergency 
condition 

GRHLN     in-Iolerance or satisfactory operation 

WIUTH     nothing other than displayed by its label 

Operating and danger areas of indicators should be appropriately 
coded 

SAT     UNSAT 

SAT     UNSAT 
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IICI.NDS AM) I Am-:i..s 

Legends ;iiicl labels slunikl L-unronii to ll:e lallowin«»: 

Capital letters a minimum of l/X inch high 

Brief. Abbreviations where used are meaningful 

Location of display in block diagram of equipment is indicated 

Functional quantity vice just electrical characteristics identified 

Single legend displays readable when not lighted 

htched or embossed vice stamped or printed 

CATI 101)1-; RAY TÜBLS 

CRTs should have: 

Uniform brightness over scope face 

Scope lace perpendicular to operator's normal linc-of-sight 

Maximum IS''< screen brightness from diffuse reflection and/or 
phosphor excitation by ambient illumination 

Adequate shielding for use in high ambient illumination 

Adjacent surfaces finished in dull malte 

No specular reflections projected into observer's eyes 

COUNTHRS 

Use of counters should consider: 

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 CLNTER-NULL INDICATORS 

These two-state type indicators consider: 

High contrast between indicator and background 

State change with snap action 

Will not indicate in-toleranee if power fails 

SAT  UNSAT 

SAT  UNSAT 

SAT  UNSAT 

SAT  UNSAT 
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CONTROLS 

I.OCATION 

(oiUU)ls should conlorm to Ilk' lollowing: 

Within easy reach ol Operator 

Spaced lor easy mampulalion 

Spaced to prevent accidental activation 

Placed in orJ"i of normal use 

Separated from high voltages ami hot componenls 

Adjustment controls on a single panel 

No ilisassemhh/removal ofequipincnt lor viewing/operation 

Work load dislnhuted between right and left hand 

I'ront panel maintenance controls covered when not in use 

(1IARAC 11 RISTICSOl-'CONTROLS 

Controls should have the lollowing characteristics: 

Operate according to expectation (right to increase, up lor on) 

Si/e appropriate lor torque or I'urce required for operation 

Precision control knobs about 2 inches in diameter 

Two-position toggle switches only 

Toggle switch displacement great enough to indicate position 

Scales compatible \atli setting accuracy required 

\udible or tactual leedhack to indicate pushbutton activation 

Pushbuttons large enough that linger or thumb will not slip olT 

Pushbutton actuation pressure not excessive or inconvenient 

Smonih. even resistance except lor detents on selector switches 

Multiposition selector switches cannot be left between detents 

Mechanical guards or electrical interlocks on critical controls 

Sharp edges or points avoided on controls 

Indexes or pointers clearly visible on rotary switches 

Tool-operated controls operable by medium-si/.e screwdriver 
or tool 

LABHUNO 

SAT     UNSAT 

SAT     UNSA'l 

Labeling should conlbrm to the following: 

Positions t'oi rotary switches clearly labeled 

Descriptive rather than coded 

Indicates control ('unction 

SAT     UNSAT 
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SAT   UK;.AT 

Numhoral in sccnioiici.' where fixed sequcmv used 

Conlrols iv;idil\ identified under expected openilinp COIKüIKUIS 

COM KOI  DISPLAY KILATIONSIIII'S 

The lolknvinj» eon'rnl display relalionships shoukl be maintained: 

Related displas s ami/or conlrols on same face of unit 

Logical relation Jiiji in locution and movement 

Arrangement reflects sequence and/or frequency of use 

l)ispla\ easih and accurately read when control is operated 

Displays not obscured In control operation 

I'unclional groups clearh delineated 

Control tlisplav relationship is unambiguous 

Directional correspondence between controls and displays 

Ratio of control to displas nu vement appropriate for task 

.Ailiuslmenl or alignment possible with only one control 

SAT     UNSAT 

MAINTAINABILITY 

COMI'OM M LOCATION 

Location of components should conform to the following: 

Stacking of components is avoided 

Access possible wilhont hazard In personnel 

loolsand lest equipment can be used without difficulty 

Internal controls avoid heal or dangerous voltages 

Replaceable units removable through single access panel 

Contamination by dirt, water, etc., is avoided 

Minimum place-to-place movement required during checkout 

Installation behind stress members, pipes, etc.. avoided 

Removal of one unit does not require removal of other units 

No components blocked by large or difficult-to-remove components 

Frequency of access considered when locating units 

Higher skilled help not required lo aid in gaining access to units 

Delicate components protected from damage 

Blind replacement or adjustments not required 

Heat or electrical charge not a hazard to personnel during access 

SAT     UNSAT 
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SAT     UNSAT 

No iiilcrferciKV with access lor tube rcplaccinonl 

Miniature lulv sockets have same physical orientation 

Sensitive adjnslmenls proleetetl from accidental disturbance 

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

COMl'ONl NT( llARACII-KlsriCS 

Components should conform to the following. 

Where structurally or functionally feasible rapid and easy removal 
of malfunctions accomplished by one man 

b.asy removal and replacement where isolation of a malfunction is 
in normal operating position is possible 

Parts mounted on one side of a surface with associated wiring 
(including printed or soldered circuits) on the other side 

Maximum standardi/ation and interchangeabilily within and 
between equipments 

Fimctiunally similar components interchangeable between different 
applications 

Components can be checked and adjusted separately and connected 
together with minimum adjustment 

Packaging designed with complete circuits in a single module 

Replaceable component types minimized 

Number of inputs and outputs for each replaceable unit minimized 

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

Height lifted from 
ground (ft) 

Maxiimun allowable 
weight lib) 

85 
80 
65 
50 
35 

RESTS AND STANDS 

Are rests and/or stands provided: 

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 

SAT     UNSAT 

SAT     UNSAT 
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COVHKS, CASUS. AND ACCISS DOORS 

Covers, cases, and aavss doors should nicct the t'ollowmg: 

If hinged, captive quick-opening fasteners used consistent with 
security and stress requireaiejits 

Adei|iiate swing space where hinges are used 

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

Sell-supporting in the open position when not completeh removable 

Hinged at bottom or provided with mechanical lock in open 
position 

Access shaped as necessary to permit passage of components and 
tools 

Instructions lettered on hinged doors properly oriented with door 
open 

Minimum number ol large screws used where quick-opening fasten- 
ers do not meet stress, pivssuri/.ation. shielding, or safety 
requirements 

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

No interference with opening or removal by structural members, 
bulkheads, or other components 

(overs can be removed, carried, and installed by one man with 
common handtools 

Covers provided with recessed handles 

Adequate storage space in lids or covers of test equipment for 
leads, adapters, etc. 

Rounded corners and edges with minimum radius of curvature 
I/« inch 

Method of opening obvious from construction of cover or instruc- 
lions attached to the outside 

Secured condition obvious when the cover is in place 

Screw holes large enough for passage of a screw without perfect 
alignment when screws must pass through covers or shields for 
attachment 

Improper replacement of covers impossible 

Ventilation holes snail 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 

SAT     UNSAT 
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•SAT     UNSAT 

i'-dpcsuf access's providi'd with inlcnial fillcls     rubber, fiber or 
phislic    lo prolecl k\iiiiician"s haiuK or arms 

I'rDjH'r uncnlalKin of eoniponi'iils wilhin case obvious througii 
design or appropriile labels 

I'orlabie lest equipnienl eases rectangular for easier storage 

Covers and eases have stock mimbers lo aid in replacemenl 

No more than lour screws in screw-fastened access plates 

Maximum of six fasteners lo secure a case 

Same size fasteners for all covers and cases on a given equipment 

Safety interlocks on accesses lo ecjuipment with high voltages 

Shields or covers to prevent accidental contact with voltages in 
excess of 40 volts, including potentials on charged capacitors 

IIANDLI-S 

Units weighing more than 10 pounds or which are difficult to grasp, remove 
or hold should be provided with handles meeting '.he following: 

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

Positioned for comfort 

Provided on covers to facilitate holding or carrying a unit 

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

Recessed near the back of heavy units lo facilitate handling 

Recessed rather than extended to conserve space and preclude 
injuries 

Hoist and lift points clearly marked when handles not provided 

Minimum dimensions for use by the ungloved hand: 

'andle diameter 
over 25 

Finger clearance 

Handle width 

Yr'/i inch under 25 pounds, t/>-3/4 if 

2 inches 

4!'j inches 

LUBRICATION 

Moving mechanical components: 

Can be lubricated without disassembly or lubrication not required 

Have lubricant type and frequency of lubrication on label at or 
near lubrication points 

SAT  UNSAT 

SAT UNSAT 
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(OMPONlNTMOliNTINC 

Mmmting o\' coni|Miiu'nts fur i'asy iiccoss or ivinov;il should conform to 
Ihi.' Ii'llowini!: 

ProliVlion tor easily damaucd compoiK'nts 

Coding lo indical«-1 the correct unit ;iiid its orientation tor 
repl:.cement 

I'll)sit,dl\ similar hut electrically noninterchaimeahle components 
ke\ed lo prevent wroni: use 

(iuide pins or equivalent lor alignment 

Limit stops (with override) on roll-out racks and drawers 

lrei|uentl\ moved units mounted on roll-out racks, slides, or hinges 

Drawers and slide-out racks can he pulled out without hreaking 
electrical conneclions 

Kenunal possible along a straight or slightly curved line rather than 
through an angle 

(luides. tracks, and stops provided to prevent cocking and possible 
damage when removed or replaced 

1'iekl removable components replaceable with common hand tools 

Opening or removal of a minimum number of covers or panels for 
removal or replacement 

Maximum of tour screws/bolls for monnling a major component 

Field replaceable units mounted to housing rather than attached to 
each other 

Replaceable components are plug-in rather than solder connected 

Only interconnecting wiring and structural members permanently 
attached lo the unit chassis 

Hasily damaged conductors such as waveguides, high-frequency 
cables, or insulated high-voltage cables protected from damage 

Components of same or similar form mounted with standard 
orientation yet are readily identifiable, distinguishable, and not 
physically interchangeable 

Hleclrical components mounted on plug-in suhassemblies 

Fold-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 assemblies in 'out" posi- 
tion during maintenance 

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

SAT     UNSAT 
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SAT     UNSAT 

Shafts or screws nuumlocl vertical or guides provided where blind 
screwdriver adjustments must he made 

hXTI'KNAL ACCHSSimUTY 

Location of accesses for maintenance should consider how the equip- 
ment will he installed. To ease the maintenance burden, the following 
should be satisfied: 

Visual and manual accesses for direct access for maintenance 

Access with enough room for technician's hands or arms and an 
adequate view of what he is doing 

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

Labels on accesses for clear identification in Job instruction 

Nomenclalurc of auxiliary equipment to be used at or items acces- 
sible through each access identified by label 

Indication of recommended period for maintenance operations in 
calendar or operating time 

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

For visual access only the following should be used consistent with 
possible performance degradation; 

Opening with no cover 

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

Break-resistant glass (if physical wear or contact with solvent 
will cause optical deterioration) 

Quick-opening metal cover (if glass does not meet stress or 
other requirements) 

When access for tools, test heads, and service equipment is required, 
the following practices, in order of preference, should be followed: 

Opening with no cover 

Sliding or hinged cap (if dirt, moisture, or other foreign 
materials are a problem) 

Quick-opening cover plate if a cap will nut meet stress 
remiirements 

SAT     UNSAT 

SAT     UNSAT 
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INTl.RNAL ACCESSIBILITY 

To improve access for maintciuince inside equipment, the following 
must be considered: 

Struelunil memhers do not prevent access 

SulTicient space to use test probes and tools without difficulty 

Removal of an assembly from a major component not necessary to 
troubleshoot the assembly 

Replaceable modules used 

Throw-away assemblies or parts accessible without removal of 
other components 

Connectors and associated labels positioned for full view 

Components not self-checking can be checked in operating con- 
dition without use of special rigs and harnesses 

Check and adjustment points, cable-end connectors, and labels 
are accessible and if possible face the operator 

Technicians not required to retrace movements during checking 
due to layout 

Rear of plug connectors accessible for test and service, except when 
potted, sealed, etc. 

Possible to replace tubes without removing units from installation 

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

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

Guide pins provided for alignment during mounting 

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

Units of more than 25 pounds installed within normal reach 

SAT     UNSAT 

CONDUCTORS 

BINDING AND SECURING 

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

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

SAT     UNSAT 
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1,1 NC; in 

The Iciiglh olcalik's should Iv: 

I.on!; (.'lunigli so llial drawers or slide-out racks can he opened 
wilhoui hreaking electrical eonneelions 

Adequate lor checking functionini; units in a eonvenienl place 
or extension eahles provided 

I onu enough to permit jockeying or movement of components 
when it is dilTicult to eonnect or disconnect eahles 

Units can he moved to a more convenient position if connecting 
and disconnecting eahles ditTicull when mounted 

Lead lengths appropriate to maintenance tasks and conditions 

PRÜTKTIOK 

SAT     UNSAT 

Cahles and wires routed through holes in metal partitions protect- 
ed Irom mechanical damage hy grommels or other acceptahle means 

I leclncal cahles not routed below fluid lines 

SAT     UNSAT 

ROUI INC 

Rouiing of cahles should contorm to the following. 

Routing to prevent heing walked on or used for hand holds 

I asilv accessible for inspection and repair 

No need to he bent and unbent sharply when connected or 
disconnected 

Cannot be pinched hy doors, lids. etc. 

Not under floor boards or behind diffieull-lo-mnove panels 

l.asy passage of cables and attached connectors through walls, 
bulkheads, etc. 

lest cables not terminating on control/display panels have recep- 
tacles located so that they do not interfere with controls or displays 

SAT     UNSAl 

CODINC SAT     UNSAT 

Single or multiconductor lines and cables should he standardi/cd, 
coded, labeled, and easilv identifiable throughout their length 

ABKICATION SAT     UNSAl 

(able harnesses can he labrualed and installed as a unit 

Preformed cables with spare leads are used when possible 

Wires, harnesses, and eahles mmimi/.ed in number hy simple and 
logical routing and layout 
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CONNinORS 

To pivvcnl maintenana.' errors, misinutiiig, and cross-connection, simplify 
maintenance tasks, and safeguard equipment and personnel, til" selection 
and use of connectors should mei't the following: 

Located and mounted for easy access during replacement or repair 

No tools or standard hand tools required to connect auxiliary 
equipment 

Auxiliary or test equipment connectors operate in a fraction of a 
turn or with a quick snap action 

Designed to prevent excessive tightening 

Self-locking plugs with safety catch vice plugs requiring safety wire 

Quick and easily disconnected plugs used 

Adequate separation lor firm grasp when connecting and 
disconnecting 

Terminals for solder connections long enough and far enough 
apart to prevent damage to neighboring terminals insulation, sur- 
rounding material, or other parts 

About 1/16 in pigtail on soldered leads I.) simplify removal 

Damage to lugs prevented when wires are unsoldered and removed 

Stripes, arrows, or other coding of proper inserlion position for 
keys or aligning pins 

Unkeycd symmetrical arrangements of aligning pins avoided 

Aligning pins on plugs project beyond the electrical pins 

female (socket t\pe) receptacles are 'hot"    male (pin type) 
plugs are 'cold' when disconnected 

Contact and shorting by external objects prevented 

Plugs and receptacles of removable equipment will disconnect 
before the cabling breaks 

Plugs/receptacles vice pigtailing 

Rapid removal lugs used for screw terminals vice ring type 

Pins on plugs clearly identified 

No more than three wires on any one terminal 

Adequate spare connector contacts provided 

SAT     UNSAT 
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FASTENERS 
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Huntt-opiTutcd task'ni-rs are prclerred, those requiring standard hand 
tools arc acceptable, and those requiring nonslandarcl tools should not 
be used 

CQVI-R 1-ASTHNl'HS 

Maximum use of tongue-and-slol catches 

Fastenersstiindardized with minimum numbers, types, sizes, 
torques, and tools required 

MOUNTINC BOLTS AND FASTFNFRS 

Selection and use of bolls and lasteners should consider the lollowing: 

Heads unobstructed by components or structural members 

Combination bolts with internal slot and hexagonal heads used 

Screws with dilTerent threads are dil't'erent sizes to prevent strip- 
ping when used in wrong holes 

Fasten or imlasten in less than one complete turn if stress and 
load permits 

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

Hxternal hexagonal head bolls for high-torque use 

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

SAT     UNSAT 

SAT     UNSAT 

TEST POINTS 

Test points should be supplied at the input and output for each major 
unit, stage, assembly, circuit, or throw-away component. Test points 
should cont'orm to the lollowing: 

Standardized 

Readily accessible 

Located away from hazards 

Protected from damage 

SutTicient strength to prevent bending 

Ammeter phone jacks are of make-before-break type 

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

Measurements are with respect to ground, except ammeter 
phone jacks 

Adjustments associated with only one control 

Testing of essential waveforms possible when terminals not 
readily accessible 

SAT     UNSAT 
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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 and grouped when possible 

Access not impeded by other parts of the equipment 

Located on the front panel if test equipment uses displays on 
the front panel 

Connectors for signal inputs 

Located on outer case when external test equipment required 

Ouick-disconnects to prevent unheld probes from falling 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) lest points distinguishable from primary 

Removal of one component not required to troubleshoot another 

LABI-XING AND CODING 

SAT    UNSAT 

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

Outstanding color for easy location 

ln-lolerance or tolerance limits indicated 

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

Unit designation marked at outputs 

SAT     UNS Al 

TEST EQUIPMENT 

Selection, use, and provisions for test equipment should consider: 

Easily portable test equipment can be used where built-in test 
equipment is not provided 

Standardized to minimize requirements for specialized test 
equipment 

Required inputs for alignment available in one standard signal 
generator 

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

SAT     UNSAT 
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SAT     UNSAT 

\V:iining signals or safely devia's provided 

AdequaK' space available fur use (consoles should be equipped 
with trays for holding lest equipment) 

Space for storing spare test cables, adapters, and touts 

I asily attached adapters provided 

Cheeking of accuracy and calibration is simple 

Unless attachment is permanent, only a traction of a turn required 
lor attachment 

INDICATORS 

Readouts in directh usable form 

Luminescent markings for use in low illumination 

SAT     UNSAT 

COMROLS 

Controls on lest equipment should conform to the lollowing: 

Built-in lesi equipment and selector switches for monitoring 
outputs if separate displays are not provided 

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

Alignment/adjustment controls neither so fine that a number of 
turns required to obtain peak value nor so coarse (hat peak position 
quickly passed 

Alignment controls permit observation of associated display during 
adjustment 

SAT     UNSAT 

TEST PROCEDURES 

Test procedures should meet with the following requirements: 

Unambiguous signal at each point when associated control is 
moved 

Alignment procedure straightforward: i.e... readjustment of earlier 
stage not necessary after adjusting a later stage 

Signals and changes can be read while operating adjustments 
controls /. 

Simple, complete, and readable instructions in view during operation 

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

SAT     UNSA'l 
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i USl-S AND ( IRCUIT BRtAKtRS 

Scleilinn and location of fuses and circuit breakers should pcnnil: 

las_\ viewing, repiaccment. ami reacli\alioii 

Keseltinsj'replacenienl uiiiiaiupered hy oilier components 

kcplacinu/ivscltmg witluml (lie use of tools 

Dcterniiniim signal source and fuse ratines tlmnmh use of labels 

SAT     I'NSAT 

TOOLS 

When considering the use of tools for mainlenanee, the following should 
he considered 

Variety of tools held to a minimum 

Special tools avoided as much as passible 

Tool', for use near high voltages adequately insulated 

Metal handles avoided on tools for use in extreme heat or cold 

I ools have a dull finish lu avoid glare in strong light 

Nonsparknig tools selected for use in explosive atmospheres 

Magnelii tools avoided lor use near delicate circuits 

Speed. ralchel-l_\ pe. and/or offset tools provided when necessary 

SAT     UNSAT 

LAMLS AND CODING 

abelsand coding should conform to the following: 

ILIII identify ing information for all units and pails 

Not hidden In imils and parts 

Readable from operator's position 

Located so operators are unlikely to use wrong control or 
indicator 

Labels etched or embossed vice painted or stamped on surface 

Decals or stamped labels vice 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 awa\ from points 
of physical wear 

Unique designations for wires when required for tracing 

SAT    UNSA'I 
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SAT     UNSAT 

IVrininals lubck'ii will) tile sanu- code as the wire to he attached 

Outside coverings of parts     such as resistors, condensers, and 
lubes     marked with inlormation concemiii): electrical characteristics. 

Translormers, chokes, and other pol teil networks have circuit 
diagrams with current, voltage, and impedance ratings on the outside . 

Coil contacts on relays clearly marked 

Controls and displays labeled as to lunclion or use 

SAFLTY 

Ceneral safely considerations in equipment design are: 

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

Fail-safe design 

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

Adequate illumination for the tasks to be performed 

MAT! RIALS 

Materials should not be used which, when exposed to extreme service 
conditions, liberate gases or liquids that con. hie with the atmosphere 
to become corrosive, toxic, or combustible mixtures 

I 1R1- AM) IXI'LOSION PROTICTION 

To minimize lire and explosion, the following should be complied with: 

blame arreslorson 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 

Hquipment for use in vicinity of flammable gases or vapors is of an 
approved explosion-proof type 

PROTHCTION FROM MFCHANICAL HAZARDS 

Protection provided from imploding cathode-ray tubes 

Rounded corners on doors, covers, and cases 

Protrusions avoided, padded, or conspicuously marked 

Access to moving parts is guarded 

SA'l UNSAT 

SAT     UNSAT 

SAT     UNSAT 

SAT     UNSAT 
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I'mUvtion of iH'i'sonm'l t'ruui (.'leclrical shock ha/ards retiiiiivs: 

Clicali'r switcfk's lluil aulumalicalh ri'wl when access is cluscu 

ifaccess formainlcnaiicc rciiuircd while cqinpmciii is eiu'rgi/cd 

Means are pnniilcd to pievenl aecidenlal conlacl with vollapcs in 
excess of 7() Mills, niclndinii polenliais on ehariied capacitors 

WarninsJ indicalors w here interlocks can he h\ passed lor nuiintena 

I xlernal metal pails, control slial'ts. etc.. are at ground potential 

(.uards. covers, or warning; plates where potentials in excess of 
350 \olts nils are possihle 

Insiilal .ip paint used on exposed noncnrrent-cariN nisi parts to pre- 
\eiil them Irom beconiini! potential electrodes 

Rounded vice sharp terminals to reduce hazard of electrical shock 

Potentials in excess ol 1 50 volts w itli respect In iiround rcniuved 
In interlocks on all accesses 

nee 
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DATA ITEM DESCRIPTION 
IDENTIFICATION NOISI 

PLAN, HUMAN I;N(;INI-:HRIN(; PROC KAM NAVY Dl-I 104 
DESCRIPTION   PURPOSE 

Pliis plan provides ;i description of how the contractor will incorporate 
his lumum engineering effort into Ilk1 system development and acquisition. 
This plan includes definition of luniuin engineering tasks, task schedule, 
level of effort, documentation and reporting requirements, personnel 
qualification and assignment, and human eivnneering deliverable end items. 

1 he plan provides the procuring activity with assurance of positive manage- 
ment control of the contractor effort. 

APPROV AL    DATE 

1^73 July 20 
OF   F1CE   OP   PRIMARY HCl.tjCl 
RESPONSiniLII v (& UM.Ko) 

NMIAS ItCOSSH) 

Dili-    »t QUIMt'D 

NA 

Al' P L I C A T IO N    I N T I   M F^ I,L     • I i j N '. M i (■ 

7.1 This data item describes data required by MIL-H-46S55, para 3.1 2, 
.V:.:.3,3.:.:.4.3.3, 3.1 and 3.5, 

7.2 This plan constitutes the - implementing document for contractual 
compliai-Ke of human engineering efforts. The plan identifies liumuji 
engineering tasks to be performed by the contractor and delineates con- 
tractor furnished human engineering data.   1 he plan will be used as a basis 
tor monitoring contractor progress and will also indicate any need for 
assistance and/or guidance from the procuring activity. 

APPROVAL     LIMITATION 

NA 

Ml (  1 RI NCrs \'SUmiUiti)ty 
UUnk   1(1} 

Ml 1,-11-46855 
MI1.-STI)-I472 

MC 51    NUMhE HI S) 

10781 

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of 
invitation tor bids or request for proposals, form a part of this 1)11) to the extent specified herein, 

10.2 The Human liigmeenng Program Plan shall he prepared in contractor format and in accordance with 
the requirements of MIL-ll-4(i855, para. 3.1.2. The plan shall consist of the following sections: 

a. General. Description of the means by winch the contractor will meet the requirements in M1L-H- 
46855 !>nd the human engineering requirements in the procurement documentation. 

b. Human engineering implementation schedule. In milestone chart form show start and L-nd dates 
lor each task, points for progress reporting and/or review, and an estimate of the man-loading across the 
schedule including a percent ol the total effort assigned to each task. 

c. 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 (1)1) Form 1423) and M1L-H-46855, 
para. 3.2.2.4,'3.3, 3.4, and 3.5. 

d. Human engineering effort in systems analysis, 

e. Human engineering in equipment detail design. 

f. Work environment and facilities design. 

g. Human engineering in system performance, safety, design, and acceptance test specifications, in 
accordance with MIL-ll-46855, para. 3.2,2.3 and 3.2.2.4. 

h. Studies, mock-ups, and simulation. 

i.   Operability/mamtainability analyses. 

DD.Ä.1664 . "J.O IO?-0 10-10(10 1'l.AII    NO,    19440 . P AG ES 
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Preparation Instructions (Continued) 

j. Human engineering verification, test and evaluation. 

k. Human engineering program personnel quaiirications. Tiiis section 
will contain resumes of personnel responsible for and participating in the 
human engineering program, including a complete description of their indi- 
vidual quaiirications and responsibilities. 

I. Organizational structure and management relationships.  Descrip- 
tion of organizational structure and management relationships for accomplish- 
ing human engineering including provision for control and approval (e.g.. 
participation in design reviews». This structure shall delineate the relations 
between the contractor and subcontractorts).  In addition, the relationships 
between human engineering activities and associated activities shall be defined. 
This shall include integrated logistic support, logistic support analysis, design 
engineering, design work study manning, training, reaction time analysis, 
habitability, safety, lest and evaluation, and technical manuals. 

10.3 The plan shall reflect how the contractor system design review 
meetings/exercises will be used to evaluate human engineering in design. 

10.4 The plan shall reflect functions and equipments to be evaluated and 
procedures/techniques/checklists to be used. 

10.5 The plan shall relied 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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DATA ITEM DESCRIPTION 

l'l.AN. HUMAN INClMIKINCniST 

nt'SCflIPTION    'MJHPObi; 

Ihis plan desvribf»! in detail iho L-ontnidnr's proposw! test and demon 

slration plan which will u'ril'y the iinin-ecjijipmenl interluce rei|uiieinenls 

lor liie uperation and nunnienanee o\ the system, as speeü'ied In the 

contract 

I   I Ins data item describes the cwitrador's propused plan lor cumplyiiig 

with re(|uiremenls of M]l.-il-4oK55. para. 3.2..: 4. .1.2A. 3.2.4.1 and 6.2.1. 

7.2 I he hunuiii engineernif! lest plan delineates a detailed test program to 

he lolloped In the contractor and it is used In the procuring activity to 

assaiv completeness of contractor's lest proinam and conlormance to 

contractual requirements   I'pon approval In the prucurmj! acthity. the 

Hum,in Inimieenn^Test I'Lin will supersede lest and evaluation portions ol 

the Hum,m I ngmecrini» Proeram I'Lin 11)1 11-2 MM I when specifieil in the 

Conlrae' Data Requirements I.ist 

7.3 1 Ins data item is related to l)lil-2 III. Hum,in I ngineermg I esl 

Report, and 1)1-11-21 12. Human I niiiiieenng 1 inal Kepoit 

IDENTIFICATION  NOIS 

NAVY 1)1-11-211)5 

AI PROV Ai.  n A T f. 

I'J73 July 20 
".. icT'or PHIMAHT-, j";;rr .j^ 
Ml  SPOfJMRlL IT  - 1 U.ll    l\.l I 

NM (AS OS SI 1) 

NA 
M i P H G V A l     L 1 M t 1 A I I O N 

NA 

HI I I IvI.NCr s l\ttl>nhilt<rv itf.  i iff 

Mil -11-40X55 

10781 

10 1      I nless otherwise indicated herein, the documents cited in this block, of the issue in elicet on date of 

imitation lor bids or request for proposals, lorin a part ol this 1)11) to the extent specified herein. 

10.2     Human 1 ngmeenng lest I'Lin shall be prepared in compliance with M11.-1I-4()H55. para. 3.2.4. in 

contractor format lor svsteinalk and comprehensiu' testtns! necessary to verily that the system can be safely 

operated, maml.nned. and supported by user personnel in accordance with contract requirements.   The 

Human 1 ninneermu Test I'lan shall describe the approaeluesi for obtaining data and shall establish and ex- 

plain all standards, tests, associated analyses, and other means that will constitute adequate proof upon com- 

pletion ol the development phase that acceptable levels ol human performance, time, accuracy, and safety 

laclurs can be achieved in operational use under specified manning levels. 

Ill 3      1 lie Human Ingmeering lest I'lan shall consist of the following sections: 

a. tieneral.   1 he detailed objectives, concepts, anil requirements for the llnnian I ngineering Test I'lan 

shall be in accordance with \lll.-ll-4(iX55. para 3.2.2.4, and shall be described with consideration being 

given to: 

(11   Updating of human engineering data, task peilonnance requirements, and operating and 

maintenance task procedures. 

'2|    Verification thai all human engineering lequiremenls, as specified by the contract, have been 

implemented. 

('.)   Identification of potential training problems and validation of the Innclional adequacy of 

the training equipment, where applicable. 

DD. —1664 i . I • A C. E S 
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Pioparalion liisliiations (Cnntiiiuctl) 

h. Lisl oiall systems, subsystems, or equipment to he lestetl whose 
operation and/or maintenance requires critical human performance as dcilned 
by tMll.-II-4hN55. paraftJ.I. 

c. Description ofspecific human engineering tests to be perl'ortned. 
This description shall also include a list of other tests of interest to human 
engineering (e.g.. maintainability demonstrations, ILS reviews). Tests to be 
included in the testing program shall be briefly described. The types ol tests 
to be described include: 

(1) Drawing and equipment inspections. 

(2) Human performance experimental tests. 

(3) Man-machine simulation tests. 

(4) Operator and mainlainer mock-up evaluations'demonslralionv 

(5) Human engineering of technical manuals. 

(6) Selected system tests (e.g.. operational field tests, lighting level 
tests, noise and speech intelligibility tests, environmental control system 
tests). 

( 7)   Training equipmenl.  imulalor and job aid tests,','valuations, 

(>S)   Operator and maintainer safely. 

d. Complete schedule of testing.  If firm dates are not known, this shall 
be stated or estimates given. '! he schedule shall be prepared in milestone 
chart form or other form as appioved by the procuring activity.   I he schedule 
shall include: 

I I)   Date of contract award. 

(2) Implementation and reporting dates for each human engineer- 
ing test conducted or monitored including CDRL item identification. 

(3) fquipment delivery dates (feasibility, prototype, preproduction. 
or first article delivery). 

(4) lechnical manual delivery dates/validation dates. 

(5) Maintainability demonstration dates. 

(6) ILS review dates. 

(7) Date of each system test conducted or monitored. 

(X)   Date of each special laboratory or simulation facility delivery. 

(9)   Date of each trainer, training simulator, or special job aid 
delivery, 

(10)   Test location(s). 

e. Test procedures. Description ol proposed human engineering test 
procedures, methodology, and data analysis shall include: 

(1) lest purpose. 

(2) Detailed objectives. 

Page 2 of 4 Pages 
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Pre pa ru (ion Instructions (Continued) 

(3) Methodological approach, experimenlal, or test design. 

(4) Apparatus, instrumentation, facilities required. 

(5) Data acquisition techniques, methods, conditions under which 
data are taken, data recording techniques, and parameters measured. 

(6) Test criteria (e.g., design Performance). 

(7) Test subject selection, number, type, selection criteria. 

(8) Test conductor, support engineer, and technician task 
responsibilities. 

CJ)   Description of test reporting, anticipated results, failures, 
data usage. 

f. Identificalion of task for testing/analysis. The Human Engineering 
Test Plan shall express the requirements for testing the performance of tasks 
or functions. Determining and testing critical tasks shall be given first 
priority for obtaining task performance data foi analysis and evaluation. 
Particular attention shall he given to the consequences of critical task failure 
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 
of a systematic method to be used for identifying and recording human- 
initialed 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 each 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 error 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) liow these limits will be used to influence system updating and modifica- 
tion; (c) how design deficiencies will be analyzed (MIL-H46855, 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. 

h. Test reporting. The test plan shall describe contractor test report- 
ing procedures and techniques (1)1-11-21 I 1, Human Hngineering Test 
Report). 

i. final test report. The final test report shall summarize results of 
the individual tests. When a Human Engineering Final Report is required 
(DI-H-2112, Human Hngineering Final Report), the final lest report will be 
included in the verification, test and evaluation section. 

j. Human Hngineering 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, 
inclii.i ng complete descriptions of their individual qualifications and 
responsibilities. 

k. Organizational responsibility. Description of the contractor's 
organizalional structure relative to human engineering testing program 
responsibility shall be provided. This shall include a block diagram illustra- 
ting lines of authority, communication, and liaison. 

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 related programs. 
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DATA ITEM DESCRIPTION 
IDENTIFICATION   NOISI 

Ril'OKl-, I'lKSONNM, PLANNING INFORMATION NAVY 1)1-11-2 I Oh 
>i srsiPTioN  I'uHfosi; 

I'his ivpurl will bi1 used by sysicm cnginoors, liuman factors engineers, 
IIS managers, and others lor planning purposes in order to develop needed 
manpower data so thai total system manning and Iraming estimates can 
be made. 

A       Af'PRO V AL    DA T t 

lW.liily 20 
•.  orKict OF PUIMAH,   ,, ri<;i-'wt;i m sponsmii n «        tix Ual.tva) 

NNKASSIl) 

f>        HOC    HI'QUI RI:D 

NA 
K       Arpfvov&t    LIMITATION 

1.1 This data item describes data doeumenting a portion of the eonlrae- 
lor's effort required by Mil -11-46X55, para. 3.2.1 and 3.2.3. 

7.2 Personnel planning informatioa will form the basis of the design 
approach for systems, equipment, and facilities. The definition of this 
personnel planning information is one of several system engineering tech- 
niques used to describe the system and major subsystems. The report will 
also be used by the Bureau ol Naval Personnel in arriving at estimates of 
manpower requirements for the new acquisition. It will be related to design 
work study inputs ami will be coordinated with reliability and maintaina- 
bilily inputs and used by the ILS Manager for the total Integrated Logistic 
System Program Plan. 

NA 

no LP i. NC L r. i,\jmti/.«((H 
M,„k /(i) 

MIL-il-468.55 
NAVP1-KS 15105 
NAVPHRS 15X3') 
NAVPHRS 18068 
NAVPHRS 1X455 
NAVPHRS 1X564 

MCSl    NUMÜt" HISI 

10781 
-1 H f I'  A P A T I O N   ( N 5 1 P U C  I I O N S 

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 1)11) to the extent specified herein. 

10.2 The Personnel Planning Information Report shall be prepared in compliance with MlL-li-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 mininum quantitative and qualitative manning and training require- 
ments to operate, maintain, and support the system acquisition. 

c. Identification of special skills, knowledges, and selection requirements related to critical human 
involvement. 

d. Description of new equipment items for which special skills may be required and new training 
requirements foreseen. 

e. Identification of special training support items; e.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 (NAVPHRS 15839), Manual of Qualifications for Limited 
Duty Officers USN (NAVPHRS 18564), Manual of Qualifications for Warrant Officers (NAVPHRS 18455), 
Manual of Qualifications for Advancement (NAVPHRS 18068), and Manual of Navy Enlisted Classifications 
(NAVPHRS 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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DATA ITEM DESCRIPTION 

DkSIGN DOC'UMHNT, HUMAN I-NCINIÜKINC; 
DESCRIPTION 

This document describes the arningemenl/hiyoul and detail ilesign of 
the crew station, crew station equipment, and all other equipment having 
an interface with the human operator(s)/maintamcrls). It is used by tin 
procuring activity to: (a) determine a technical approach to layout/ 
arrangeinent/detail design of the crew slationls) and all equipment, 
(h) evaluate layoiil/arrangemenl/detail design of crew stationtsl and all 
equipment, (cl evaluate crew station ingress/egress if applicable. 

7        AP PL tC A I IO N 

7.1 This data item describes data documenting a portion of the contrac- 
tor's effort required by MI1.-11-46S5.V para. 3.2.1.4, 3.2.2, 3.2.2.3, and 
3.5. and M1I.-STI)-I472. 

7.2 This data item is related to 1)1-11-21CW, Task Analysis/Task Descrip- 
tion Report. 

IDENTIFICATION NO(SI 

NAVY 01-11-2107 
AP PROV AL   DATE; 

1973 July 20 
Ort-ICl.    Ol     PMIMAMV        „          .... 
HISPONMriU 11- (&  USIRSl 

NM IAS IT'Sill 

ijI.)C   H f QUIRED 

NA 

H       APPRO V Au   U IM' T A T ION 

NA 

RLf- EHtNCLS 'Mumiiilorv as   ritvd i 
hin, k   10) 

M 11.-11-46855 
M1L-ST1)-I47: 

10781 
PREP A R AT IDN   ir,S I P 

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of 
invitation lor bids or request for proposals, form a part of this 1)11) to the extent specified herein. 

10.2 'IT .■ Human Engineering Design Document shall be prepared, in contractor format, which describes 
the contractor human engineering effort regarding crew station layout/arrangement (M1L-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 M1L-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. 

10.3 The Human Engineering Design Document shall consist of the following: 

a. 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 have received human engineering approval. 

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 
reader with the considerations used to reach specific design decisions (i.e., MiL-STD-1472 requirements, 
results of analyses, other contract requirements, mock-up tests or mock-up board decisions, simulation, and 

DD ^ORM 1664 S/N-OIQ2.019-4000 PLATE   NO.     19448 .PAGES 
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Preparation Instructions (Continued 

others as applicable). Where appropriate analyses are available (1)1-11-210(), 
Task Analysis/Task Description Report), their recommendations shall be 
incorporated, in part or whole, depending upon the criticality of the 
equipment. 

c. Narrative which notes and explains any requirement to deviate 
I'roni human engineering or design requirements appropriate to the man- 
machine interlace. 

d. Sketches, drawings, or photographs of required or anticipated 
panel and rack arrangements/rearrangements or new designs/design modifi- 
cations. 

c. A drawing or photograph of each crew station design (as it exists 
at the time of document submission) which shows the location of all crew 
station panels in relation to the seat/operator position. 

f. Schedule of major design reviews, demonstrations, or mock-ups 
encompassing human engineering for the crew slalion(s) or any equipment 
having an interface with operator/maintainer. 

138 
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DATA ITEM DESCRIPTION 
IDENTIFICATION NOIS1 

REPORT, HUMAN HNC.INHIiRlNG MAINTFNANCH/ 
AC'C'liSSlBlLlTV DESIGN NAVY 1)1-11-2108 

3      DtSCRlPl ION    PURPOSE 

This report describes accessibility to equipment lor purpose of replace- 
ment, inspection, servicing, adjustment, and calibration during preventive 
and corrective maintenance at the organizational level and especially in the 
maintenance of aircraft, during the intermediate and depot levels. 

A        APPROVAL    DATE 

1973 July 20 
OFFICE OF PRIMARY , ,,   11crnc-1 
RFsi'ONSiniLn v (& Uar.K5) 

NMIAS FCOSSHJ 

6     ÜDC   RE QUIRED 

NA 
APPROVAL    LIMITATION 

I ION    IN T L PR I   1 

7.1 This data item describes data documenting a portion of the contrac- 
tor's effort required by M1L-H-46855, para. 3.2.2 and MIL-STI)-I472, 
para. 5.9. 

7.2 This data item is related to 1)1-11-2104, Human Engineering Program 
Plan, and 1)1-11-2107. Human Engineering Design Document. This report 
is used in the design phase by the procuring activity to ensure adequate 
accessibility to equipment. 

NA 

U      REFER ENC ES (Mtindnlory 
Mo. k }0) 

M1L-H-46855 
M1L-STD-I472 

MC SL   NuMHCRt St 

10781 
IC       PREPARATION   INSTRUCTION", 

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 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 M1L-H-46855, para. 3.2.2, and MIL-STD-1472, para. 5.9, 
and shall consist of the following: 

a. Preliminary drawings, sketches, or photographs 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 rhall be presented to familiarize the reader with such considerations used to reach 
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 
part or whole, depending upon the criticality of rapid maintenance times and other constraints specified by 

the procuring activity. 

c. Narrative describing the following: 

(1)   Physical size, weight, and purpose of portable support and test equipment required for per- 
forming maintenance on the equipment. 
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Prcpanltitni Inslructions(Cnnlinucd) 

(21   i'rocodiuvs mvolvctl in mainU'iKinco offacli imil ofL'quipmcnt. 

(3) Tlii' rclalion bolwccn accessibiiiiy of each unii cqiiipinenl and 
its compoiK'nl failure rate, servicing Irequency. calibration Irequeiiey. ami 
rcquireinents lor rapid mainlenance Ibr mission essential operation. 

(4) Methods used to determine accessibility lor maintenance. 

d. Identificalion of equipment accessibility and maintenance problem 
areas that may be anticipated. 

140 

10.3     This report shall be updated, as required, to indicate changes to design 
alfecting the accessibility of equipment or compliance with applicable re- 
quirements for equipment design specified by the contract. 
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DATA ITEM DESCRIPTION 

KH'OKr, I,ASK ANA1 VSIS/JASK DISCKII'I ION 

IDENTIHCATION  NO(51 

NAVY Di-ii-: i o1) 

I Ins rt'pori di'scnhi's IIK
1
 rcsulh of lask aiuilysrs pcrt'ormwi hy [IK am- 

tnictoraml pn.'scnls task ik'SiTiptians.   ilk' purpuM.' ol the ri'porl is to 
symmuriA' ilk' work llial llic uperaior/mahilaincr pLnlbmrs arid lo provide 
,i basis l\)T I!K' (.K'sign ol' ilk' sysicm, eiiuipnienl. or laeililies. 

7.1 1 his data item descnlvs dala docuiticiiluif! a portion ol the uintrai.'- 
lor's rllori reipiired by Mil -il-4(i.S55, para .v_1 1.3. 3.2.1.3.1. and 
3.2.1.3.:. 

7.2 I ask AnaK sis I ask DesLiiplion Kcpoils will he used to evaluate the 
contraetor's analyses «f men in the system. 

7.3 I his data item is related to 1)1-11-2104, lluiiian I immeermi; Pruprain 
Plan, and 1)1-11-2 107, Human I ngmeeimj; Desini Document, 

,1       AII-HO V AL   D A T r 

l()73 July 20 
'.    oi r ICL oi   CM iw An t 

M 1 bi-'Oti bl HI L. IT i 

NM IAS ICSIl) 

'-      IJ(V€   F)( QUI Ul  t> 

NA 

(& I'SI-.RS, 

H        AI' P N O v   A 1.    1. I M n   A I | O N 

NA 

Mo,      1(1) 

Mll.-l 1-46*55 

MC',l     NUMF'FRISI 

I I07S1 

10.1 Unless otherwise mdieaied herein, the doeuments cited in this block, of the issue in effect on date of 
imitation tor hüls or request for proposals, form a part ol the 1)11) to the extent specified herein. 

10.2 The Task Analysis,'Task Description Report shall be prepared in contractor selected format of How 
diagrams, tabular presentatiops, and narrative. The report shall describe the results of the task analyses 
required by M1!,-11-4()X55. para 3,2,1,3. and shall consist of the following: 

a. Summary of gross tasks identified during analyses performed in response to MIL.-11-46855, para. 
3.2.13.1. 

h. Identification of critical task characteristics as required by M1L-11-46X55, para. 3.2,1,3,2, if 
applicable. Supporting evidence shall be supplied if applicable.  Example: The method by which an 
operator's reaction time is estimated should be included, 

e. The results of the operatür/maintainei workload analysis    If there is more than one crew member 
involved in the system operation, the interaction workload of the crew members shall also he identified, 

d. Discussion of related factors such as system or equipment performance, cost, and delivery 
schedule when these factors are affected by one or more of the critical tasks, 

e. Discussions of task-related data shall be extracted from the task analyses and compiled in pre- 
liminary üperator/maintainer procedurally-oriented lask descriptions for use in developing procedures 
documents, personnel planning, and system testing. 
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DATA ITEM DESCRIPTION 

Kl PORT. HUMAN INCINIIRINC I'ROCRISS 

m  SC RIP T ION 

This ivpori ili'scnlx's sl.iius ol (tif ccnlnidnr's hunnin enginetTiiij! pr«- 
pr;im. l;;icli roporl is usoil lo Iransmil luim.in engini'crinp proga'ss, 
prohliMiis, aiul plans lor cadi succcciiing roporlmg ptTinii. Thcso reports 
provide evidence dial liuinan engineering lonsideralions are rellecled in 
system design and developmenl and indicate conipliance with contractual 
requirements for Imnuin engineering. 

IDENTIFICATIÜN NOIS1 

NAVY 1)1-11 

4      APPROVAL    ÜA T t 

I'raJuly 20 
v -ortlct ÖT MÜMAR»~TTTi«7;o« , 

ui si'ONsiriii n v (c\  UM KM 

KM (AS l-CO.SSII) 

>c ui uipiHi.n 

NA 
A I' I > IJ n v A l    l, I W I I A I I O N 

7.1 Tins data item describes data required hy Mil-ll-4(iS>5. p;ira. 
3.I.:J. .i:,ij.i,and3.:.i.^.:. 

7.2 I he reports inlorm the procuring actnily ol the contractor's status 
on the liuinan engineering program defined In the contract and hy the 
Human hngineeriug Program Plan (|)NI-2 l()-ll previoush submitted by the 
contrador and approved In the procuring activity, 

NA 

N I I ( ly ( Ni I '. •M-uulti 
htm h  ivi 

Mil IM(^55 

1078! 
I' M I t' A li A I ION   INS T ^-Jf    '    O N 'i 

10.1 Unless otherwise indicated herein, the documents cited m this block, of the issue in effect on date of 
invitation for bids or request for proposals, form a part of this 1)11) to the extent specified herein. 

10.2 RHI'ORT COMT NT':  Human Ingineering Progress Reports shall summarize tlv.' human engineering 
work performed during the reporting period, fach 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 rellected in system design and develop- 
ment, verification, and test and evaluation. The Human Imgineering Progress Reports shall include: 

a. List of equipment requiring human engineering effort. The initial report shall list in priority order 
the equipments/functional spaces requiring human engineering in detailed design. The list and modifications 
thereto shall be determined in compliance with Mll.-li-46855, para. 3.2.U. I and 3.2.1.3,2. 

h. Description of human engineering support of design engineering shall include: 

(1) An annotated listing 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. 

c. A summary of detailed task analyses with emphasis on their impact on design, training, procedures 
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-equipment combination required. 
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Tu p.ii,limn hislnii linns (I 'nnlmtu'd) 

;.l   \ •.iiniiii,ii\ nl llir ii|u'i.iliu/ni:iiMl;iiiH'r porronniincc nu'iisiircs, 

\V\i\u ,ll|M|i pin, nlnlrs   .llhl U'sl i llU'lKI lluil  Will hi' Ulili/Ctl loi' IlllllKin Cllgi- 

ii.n III)! Irsl .ill,! i \ illl.llliHi 

r  Si.iin-, h-jiniis ,itiil lin.il irporls on liunuiii engineering special 

■.linhrs Mh Ii .is ni". k'iips sl.ilii ,inii (lyiunniv siinulalions, und oilier con- 

Itnlli'ij i'» pt'i inn nl . 

i   hrM.iiinn imiii iln' llnni.in Ingiiieering Program Plan (1)1-11-2104) 

imi i o|nn in)' .iilililiiin.i! |mills di i hange in cuneepliial seojie. 

C  Sinnin.iu ti| hnin.in engineering veriliealidn, lesl and evaluation 

lesiills 

h  Addilmns in m elianges in human engineering dala bank, 

10 1     RIPOK I PORMAT:  Human Pngmeeriug Progress Reports shall he 

prepared in tire eonlractor loinial and shall cover the Ibllowing sections: 

a  Work aeciHiiplislimenl this reporting period. Tasks begun or com- 

pleted: sigmlicanl results or completed tasks; end item products completed 

and available for review; unusual conclusions that may portend modification 

ol liiture activities. 

b. Work planned for next reporting period. Tasks that will be com- 

pleted and/or commenced. 

c. Significant problems. Identification of specific problems that 

have occurred during the reporting period; indication of their effect on 

other tasks, schedules, or costs: satisfactory solutions reached, 

d. Actions required of the procuring activity. Identification of special 

requirements or problems wherein procuring activity assistance is or may be 

required, 

e. Ihidget and schedule inlormation. Summary of the human engi- 

neering man-hours expended and program schedule in terms of the original 

and predicted estimates, 

10,4     These reports shall include additional information, sketches, drawings, 

lists, etc, as required, and provided as attachments to the basic report. 
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DATA ITEM DESCRIPTION 

KITOKl.lllMAN I N(,INllRIN(i ITSI 
^f   'J«' Ulf T ION    ''UHI'OSI 

1 hh iviuul will Iv pn-ji^rod lullowiiij! cucli nuijor U'sl. I'v.-tluation, or 
ilcinttiü.trutiun .mil shall be subinilti.'tl Ic !lu' proamnj; ai-liuly to proviilc 
cutk'nc«.' Ihai Iho inan-oiiiiipnii'iii inlerlaa1 rei|inroiiienth loi llic operation 
and iLatntcnanci.' oi tlu1 s> stein, as speciliwl in tin' aintracl, Itavo been 
llk't 

■1        APCFIO V AL    1   A T I. 

l')73.liily 20 
'       O F'llC L  OI    PTdMAR 

I    I his data Hein desenbes data iloetiineiitinL' a portion ol the contrac- 
tor's dTurl reiiuired by Mll.-IW6H55, para 3 2.14, and .? 2.4. and 
3 2,4 3 

n 2    I he Ituinan liiBineering Test Report describes in detail the results 
ol the eoiiii;ictor's demonstration ol the itemlsl under lest, and it is used 
by the procuring! activity to assure that the n.an-ei|uipinent interlace 
iei|uiainenls lor the operation and maintenance ol the system conform to 
the conlraetual requirements. 

7.3    I ins data Hem is related to 1)1-11-2 10s, Human 1 nmneenni; lest Plan. 

». i si ON5I HU IT ¥        t (S: 

NMlAS ICOSSIl 

i,iff m Quim n 

&(>PfJOV ÄL    l. IMI I AT   o 

tr I I  I H I NC I '.. iMnnifnt 
htotk   1(1) 

MIL-11-46855 
M1L-ST!)-H31 

MC Si    NUWUE RI5] 

10781 

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on dale of 
invitation for bids or rec|iiest for proposals, form a part of this 1)11) to the extent specified herein. 

10.2 The Human Hngineering Test Report shall be prepared in compliance with the provisions of MlL-H- 
4ft855, para. 3.2,2,4, and 3,2,4 and where applicable M1L-S HWO 1 for each major test, evaluation, or 
demonstration. 

a. Test title and identifying number, 

b. Type of test (see 1)1-11-2105. Human bngineering Test Plan, para. 10.3.c). 

c. Description of lest purpose, identillcalion of lest objectives, identification of equipment being 
tested, if applicable. 

d. Description of test methods and procedures, measurement methods, criteria, apparatus, instru- 
mentation, facilities, personnel. 

e. Description of findings, including any deficiencies noted, failures, problem areas. Reporting of 
deficiencies and failures, required by MIL-H-4ft855, para. 3.2.4.3, shall include: 

11)   linurneration of each deficiency/failure. 

(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. 
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I'ivp.'iration Insiinclmns l( ontnuic't 

f. Implications ot sipnillaml lest findings for llu- system/ctHiipmcnt. 

g. Limiliilions (if test results and suggestions for furlher testing, 

h. Conclusions readied froni the findings. 

i.  Specific recommendations derived from the conclusions, will) 
indication of government or contractor organizations responsible for 
implementing recommended actions. 
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APPENDIX I- 

MIL-H-46H55A HUMAN ENGINEERING REQUIREMENTS EOR 
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 

Tins 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      PreC6(lln|[ pagB blank 
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3.1.1 Scope and Nature of Work. - The principles and criteria of human 
engineering shall be applied 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 cf the system engineering effort. 
Analytical parameters shall be quantified where possible and in a form 
permitting cost effectiveness studies ol 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 equipment,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 Program 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. 

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. 

3.1.2.3  Other Data, -   Other technical and administrative 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 
techniques 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 ODeration/maintenance, (2) manual operation/ 
maintenance, or (3) some combination thereof. 
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3. 2.1.1.1  Information Flow and Processing Analysts. - 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 Opcrator/Maintainer Processing 
Capabilities. - Plausible human roles (e. g., operator, maintainer, 
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/maintainor 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 from implementation or non- 
implementation of human engineering design recommendations.    Results 
from studies in accordance with 3. 2. 2.1 may be used as supportive 
inputs for these estimates. 

3, 2. 1.1. 3  Allocation of Functions. -   From projected operator/main- 
tainer performance data, cost data, 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'mainlainer. 

3. 2. 1. 2   Equipment identification. - Human engineering principles and 
criteria 3hall 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 
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 
gross tasks identified during human engineering analysis which are 
related to end items of equipment to be operated or maintained by man 
and which require critical (see 6.2.1) human performance, reflect 
possible unsafe practices or 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 : (1) information required by man, including 
cues for task initiation; (2) information available to man;   (3) evaluation 
process;   (4) decision reached after evaluation;   (5) action taken;  (6) 
body movements required by action taken;   (7) workspace envelope for 
man required by action taken;  (8) workspace available to man;  (9) 
location and condition of the work environment;   (10) frequency and 
tolerances of action;   (11) 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. 

3. 2.1, 3. 3   Loading Analysis. - Individual and crew workload analysis 
shall be performed and compared with performance criteria. 

3. 2.1. 3. 4 Concurrency and Availability. - Analyses of tasks, modified 
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, 
drawings and data, such as functional flow diagrams, system and sub- 
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 
the contractor shall signify that the system and subsystem configuration 
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. 

3. 2. 2.1 Studies, Experiments and Laboratory Tests. - The contractor 
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 
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 
inspection as determined by the procuring activity.   Upon approval by 
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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-147T 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 how. 

b. Weather and climate aspects, such as hail, snow, mud, arctic, 
desert and tropic conditions. 

c. Range of accelerative forces, positive and negative, including 
linear, angular and radial. 
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d.   Acnu.slic iiiii.sc (steady state and impulse), vibration, and 
impact forces. 

0. Provision for human performance during weightlessness. 

f. Provision for minimizing disorientation. 

g. Alcquate 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. 

o.   Optimum illumination commensurate with anticipated visual 
tasks. 

p.   Sustenance and storage requirements (i. e., oxygen, water 
and food), and provision for refuse mangement. 

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 
incorporated 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 requiremerts herein; (2) demonstrate confor- 
mance of system, equipment and facility design to human engii.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 be 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 of 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 requirements 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 does 
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 required 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. 

j.    The contractors provide the necessary manpower and technical 
capability to accomplish the above objectives. 

6. 2  Explanation of Terms. - For purposes of this specification, the 
following definitions are applicable: 

6. 2.1  Critical. - That human performance which, if not accomplished 
in accordance with system requirements, will 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 operated) 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 
time to react will not meet required system reaction time. 

d. Improper operation resulting in a system "no-go, " inadvertent 
weapons firing, or failure to achieve operational readiness alert. 

e. The exceeding of predicted times for maintenance personnel 
and maintenance ground equipment (MGE) to complete maintenance 
tasks.   As a rule, performance tines will be considered critical if the 
total maintenance response time signlicantly exceeds maintenance 
analysis estimates, and affects MGE quantitative requirements. 

f. Degradation of system equipment below reliability requirements; 
i. e., mean time between failures (MTBF) is reduced. 

g. The damaging of system equipment, resulting either in a 
return to a maintenance facility for major repair, or in unacceptable 
costs, spare requirements, or system downtime. 

h.   A serious compromise 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 
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 
be a part of a manned station for operation, but require man-equipment 
access for maintenance; (3) the arrangement of in'erior lighting for 
operating or maintaining the equipment;aiid (4)  labels identifying general 
panel content (e. g. , flight mission panel, countdown status panel, 
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 
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 
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/maintenancp/'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.   It 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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SPECIFICATION ANALYSIS SHEFT 
Form Approved 

Budget Bureau No.  22-R25Ü 

tilled out by personnel, either ixivernment or contractor,  invoivea in tne 
use of the specification  in procurement of products for ultimate use by the Department of Defense.    This sheet 
is provided for obtaining information on the use of this specification which will  insure that suitable products 
can be procured with a minimum amount of delay and at the least cost.    Comments and the return of this form 
will  be appreciated.    Fold on lines on reverse side, staple in corner,  and send to preparing activity.    Comments 
and suggestions submitted on this form do not constitute or  imply authorizetion to waive any portion of the 
referenced documentfs) or serve to amend contractual  requirements. 

SPEC in CAT ION 

ORGANISATION 

CITY   ANR  STATE CONTRACT   NLMBER 

MATER I Al.   PROCURED UNDER  A 

QPIRECI   aiVERtJvlENI   CONTRACT f")  SUBCONTRACT 

I.     HAS  ANY  I'ARI   (II    HIE   SPECIE ICAI ION  CRI ATEÜ  PROBLEMS  OP  HfUUIRED   INTERPRETATION   IN  PROCURE- 

Mt.NI  USC 

A.     GIVE   PARAGRAPH NUMBER  AM) •«»DING. 

B.     RECOWENDATIONb  TOR  CORRICTING   THE   DEflCILNCIM 

2.     CCKNLNTS ON  ANY  SPt Cl F ICAT ION  BfÜUIKMENT  CONSlDlRfl)   TOO   "IGID 

3.      IS   THE   SPECIFICATION  RESTRICTIVE' 

I I YES  □ NO (II "yes", in «tial may') 

4. REMARKS (Attach any peilmenl data »inch nay be ol use in improving this spec 111 cat ion. If Iheie are add! t lonal 
papers, attach lo form and place bolh in an envelope addressed to preparing aclivily) 

SUBMITTED BY (Printed oi lyped name and activity - Optional) 
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DATA ITEM DESCRIPTION 
IDENTIFICATION NOISI 

AGENCY 

PLAN, HUMAN liNCiiNlI'RINd PROGRAM NAVY 1)1- !104 
3      OL'SCRIPTION    PURPOSE 

This pl;i;i [irtn'itl« ;i ilcscriplion ofliow the contractor will incorporalc 
his luiimtn cnpinccritig cflbrl into the system development and acquisition. 
This plan includes definition of human engineerinj; tasks, task schedule, 
level ofdTort. documentation and reporting lequirements, personnel 
qualification and assignment, and human engineering deliverable end items. 
The plan provides the procuring activity with assurance of positive manage- 
ment control of the contractor effort. 

Af- P ROV AL.   DATE 

1^73 July 20 
O r f- IC (I  OF  PRtMAH V 
» TSPON si ni i- IT Y & IISI-RS 

NM (ASIC OS Sill 

6      u n C   R r. Q U 1 F^ E D 

NA 

A(-> PL I C A T ION    INI [  UR f:-. L. Al ION SHU"1 

7.1 This data item describes data required by MlL-l 1-46855, para 3.1.2. 
.12.2.3,3.2.2.4, 3.3. 3.4 and 3.5, 

7.2 This plan constitutes the - implementing document for contractual 
compliance of human engineering efforts. The plan identifies human 
engineering tasks to be performed by the contractor and delineates eon- 
tractor furnished human engineering data. The plan will be used as a basis 
for monitoring contractor progress and will also indicate any need for 
assistance and/or guidance from the procuring activity. 

APPROVAL   LIMITATION 

NA 

H f (  LR ENCFS (Munthitory ns   . ttvd i 
hin. k  JO) 

MIL-H-46855 
MIL-ST1)-1472 

MCSL   NUMnEH(S) 

10781 

PREPARATION   INSTRUCTIONS 

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, foim a part of this DID to the extent specified herein. 

U/.2 The Human liigineering Program Plan shall be prepared in contractor format and in accordance with 
the requirements of MIL-ll-46855, para. 3.1.2. The plan shall consist of the following sections: 

a. (ieneral.  Description of the means by which the contractor will meet the requirements in MIL-ll- 
46855 and the human engineering reqwirements in the procurement documentation. 

b. Human engineering implementation schedule, in milestone chart form show start and end dates 
lor each task, points for progress reporting and/or review, and an estimate of the man-loading across the 
schedule including a percent of the total effort assigned to each task. 

c. Human engineering data. Description of human engineering data to be made available In the pro- 
curing activity as specified by the Contract Data Requirements List (1)1) Form 1423) and MIL-ll-46855. 
para. 3.2.2,4.3.3, 3.4. and 3".5. 

d. Human engineering effort in systems analysis. 

e. Human engineering in equipment detail design. 

f. Work environment and facilities design. 

g. Human engineering in system performance, safety, design, and acceptance test specifications, in 
accordance with MIL-li-46855, para. 3.2.2.3 and 3.2.2.4. 

h. Studies, mock-ups. and simulation. 

i.   Opera bill ty/ma in tainability analyses. 
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DATA ITEM DESCRIPTION 

•LAN, HUMAN l-NCINNRINC 1TST 

3      Dt"5CR(PTION   I • U H I' O S I- 

This plan describes in detail the contractor's proposed test and demon- 
stration plan which will verily the man-equipment interface requirements 
for the operation ami maintenance of the system, as specified by the 
contract. 

7        AC fL I C A 1  ION    IN 1 t   h 

7.1 This data item describes the contractor's proposed plan for cumplytti| 
with requirements of Mil.-IHM.VV para. 3.2.2.4,3.2.4. 3.2.4.3. and 6.2.1. 

7.2 The human engineering test plan delineates a detailed test program to 
he followed In the contractor and it is used by the procuring activity to 
assure completeness of contractor's lest program and ei nformance to 

contractual requirements.  Upon approval by the procuring activity, the 
Human l,.iigin<".,ring Test Plan will supersede test and evaluation portions of 
the Human I nginecring Program Plan (1)1-11-21041 when specified in the 

Contract Data Requirements List. 

7.3 llns data item is related to 1)1-11-21 11. Human h nginecring Test 
Report, and 1)1-11-21 12. Human Ingincering I'inal Report, 

NAV^ 

A       A f   P R O V A L    DATE 

1973.Inly 20 
"o r F 1C 1. oV p'n IM ÄFT,     . I j'(.7 ,, c , 

NM(ASOSSll) 
UDC ui. qumr u 

NA 
H       APPROVAL   LIMIT ATtON 

NA 

l.yiiituhittny ".'■ 

M1L-I1-4()S5.S 

MC SL    N UMBE MIS) 

10781 
-1 i   A u A r i o' 

10.1 I nlcss otherwise imlicaled herein, the documents cited in this block, of the issue in effect on date of 
imitation lor bids or request tor proposals, form a part of this 1)11) to the extent specified herein. 

10.2 Human I nginecring lest Plan shall be prepared in compliance with MII.-H-4(JK55. para. 3.2.4, in 
conlr.Klor format for systematic ami comprehensive testing necessary to verify that the system can be safely 
opcrateu maintained, and supported by user personnel in accordance with contract requirements. The 

Human KngineeringTest Plan shall describe the approach(es) for obtaining data and shall establish and ex- 
plain all standards, tests, associated analyses, and other means that will constitute adequate proof upon com- 
pletion of the development phase that acceptable levels of human performance, time, accuracy, and safely 
laciors can he achieved in operational use under specified manning levels. 

10.3 I he Human IngineeringTest Plan shall consist of the following sections: 

a. (ieneral. The detailed objectives, concepts, ami requirements for the Human IngineeringTest Plan 
shall be in accordance with MILTMftHSS. para 3.2.2.4, and shall be described with consideration being 
given to: 

(11    Updating of human engineering data, task performance requirements, and operating and 
maintenance task procedures. 

(2)   Verification that all liunum engineering requirements, as specified by the contract, have been 
implemented. 

13)   Identification of potential training problems and validation of the functional adequacy of 
the training equipment, where applicable. 
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DATA ITEM DESCRIPTION 
2 IDENTIFICATION  NO(SI 

AGENCY NUMBER 

i     r i r i. E 

RHPORT, PHRSONNHL PLANNING INFORMATION NAVY 1)1-11-2106 
3     Di:SCRIPr10N   PURPOSE 

This report will he used by system engineers, luinuin factors engineers, 
ILS managers, and others for planning purposes in order to develop needed 
manpower data so that total system manning ami training estimates can 
he made. 

4      APPROV AL   DATC 

1973 July 20 
o r r i c E o K p p i M A n v  , <»   11 c I • D C \ 
HiispoNsmii.iT v \(X  U.ir.lO) 

NM(ASSl-l) 

6      DDC   RCQUIRED 

NA 
H       APT'HOVAL   LIMIT  ATION 

/      APPLICATION   INT EHR b..l   AT NA 
7.1 This data item ileseribes data documenting a portion of the contrac- 
tor's effort required by Ml 1.-11-46X55. para. 3.2.1 and 3.2.3. 

7.2 Personnel planning information will form the basis of the design 
approach for systems, equipment, ami facilities. The definition of this 
personnel planning information is one of several system engineering tech- 
niques used to describe the system and major subsystems. The report vvi 
also be used by the Bureau of Naval Personnel in arriving at esthnate, of 
manpower requirements for the new acquisition. It will be related to de 
work study inputs anil will be coordinated with reliability and maintain: 
bility inputs and used by the ILS Manager for the total Integrated Logis 
System Program Plan. 

sign 
i- 

tie 

H r > K H L N 
W.„*  III) 

MIL-II-46S55 
NAVPLRS 15105 
NAVPIRS 15839 
NAVPLRS 18068 
NAVPLRS 18455 
NAVPLRS 18564 

MCSl    NUWHEmSI 

10781 
P R I.P A N A T ION   INS I P LJC t IONS 

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of 
imitation for bids or request for 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-M-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. 

c. Identification of special skills, knowledges, and selection requirements related to critical human 
involvement. 

d. Description of new equipment items for which special skills may be required and new training 
requirements foreseen. 

e. Identification of special training support items: e.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 (NAVPLRS 15839). Manual of Qualifications for Limited 
Duly Officers USN (NAVPLRS 185641. Manual of Oualifieations for Warrant Officers (NAVPLRS 18455). 
Manual of Qualifications for Advancement (NAVPLRS 18068), and Manual of Navy Lnlisled Classifications 
(NAVPLRS 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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DATA ITEM DESCRIPTION 
IDENTIFICATION NOIS) 

I     Ti FL c 

Dl-SKiN DOCUMHNT, HUMAN HNGlNliHRING NAVY 1)1- 107 
3      DlISCRIPTION   P'JRPOSt 

This document describes the arrangement/layout and detail design of 
the crew station, crew station equipment, and all other equipment having 
an interface with the human operator(s)/niainiainer(s). It is used by the 
procuring activity to:  (a) determine a technical approach to layout/ 
arrangement/detail design of the crew station!s) and all equipment, 
(b) evaluate layoul/arrangement/detail design of crew station(s) and all 
equipment, (c) evaluate crew station ingress/egress if applicable. 

4      AI'PROV AL   DATE 

1973 July 20 
OF  FICE  OF  PRIMARY 1 [CI'DC 1 
KFSPONSinu. n v (& Uor.Kol 

NM(ASl'CSH) 
tmC   REQUIRED 

NA 

H       APPROVAL   LIMITATION 

7       APPLICATION   INTF'iRlL   AtlONSMJP 

7.1 This data item describes data documenting a portion of the contrac- 
tor's effort required by M1L-1I-46855. para. 3.2.1.4, 3.2.2. 3.2.2.3, and 
3.5.andMlL,-SriM472. 

7.2 This data item is related to DI-IIOIO1), Task Analysis/Task Descrip- 
tion Report. 

NA 

H h t Kh ENC LS ' Winti.it>'iv -is  i tti'd m 
Mo, k  10} 

MIL-11-46855 
MIL-STI)-I472 

MCSL.    NUWFiERlS) 

10781 
F REF- A HAT ION   I NS 1 I* UC T ION'J 

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. 

It).2     The Human I ngineering Design Document shall be prepared, in ci ntractor formal, which describes 
the contractor human engineering effort regarding crew station layout/arrangement (M1L-H-46855, para 
3.2.1.4. 3.2.2.3. and 3.5) and detail design of equipment having an operalor/maintainer interface (MIL-H- 
46X55, 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 specifici by the contract have been 
incorporated into the arrangement, layout, and detail design of the crew station and all equipment having an 
opera tor/ma in lainer interface. 

10.3     The Human 1-ngineering Design Document shall consist of the fo lowing: 

a. 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 have received human engineering approval. 

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 familiari/e the 
reader with the considerations used to reach specific design decisions (i.e., MIL-STD-1472 requirements, 
results of analyses, other contract requirements, mock-up tests or mock-up board decisions, simulation, and 
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DATA ITEM DESCRIPTION 
IDENTIFICATION  NOIS) 

1        TITLE 

RKl'ORT. HUMAN HNG1NHHR1NG MAINTl'NANCH/ 
ACCESSIBILITY Dl-SICN NAVY DI-ll-2108 

3      DESCRIPTION    PUBPOSi; 

This report describes ;iceessibility to equipment for purpose of replace- 
ment, inspection, servicing, adjustment, and calibration during preventive 
and corrective maintenance at the organizational level an ! especially in the 
maintenance of aircraft, during the intermediate and depot levels. 

ä       APPROVAL   DATE 

1973 July 20 
OF K ICE   OF   PRIMARY    ,,,     itCfnCi 

NMIASL-COSSH) 

6       DDC   REQUIRED 

NA 
B       APPROVAL   LIMITATION 

APPLICATION   INT ERR fit A r IONS 

7.1 This data item describes data documenting a portion of the contrac- 
tor's effort required by MIL-ll-46«55, para. 3.2.2 and MIL-STD-1472, 
para. 5.*). 

7.2 This data item is related to DI-ll-2104, Human lingineering Program 
Plan, and 1)1-11-2107, Human Engineering Design Document. This report 
is used in the design phase by the procuring activity to ensure adequate 
accessibility to equipment. 

NA 

h L (^ KR ENC FS (M"nty<«f.'MWi.s   i ilnl  i 
htmk JO) 

MIL-ll-46855 
MIL-STD-1472 

MCSL   NUWBER(S) 

107S1 
P R IP  .'RATION   INS' RUC  T IONS 

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 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 M1L-H-46855. para. 3.2,2. and MIL-STD-1472, para. 5.9, 
and shall consist of the following; 

a. Preliminary drawings, sketches, or photographs 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 shall be presented to familiarize the reader with such considerations used to reach 
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 
part or whole, depending upon the criticality of rapid maintenance times and other constraints specified by 
the procuring activity. 

c. Narrative describing the following: 

( 1)   Physical size, weight, and purpose of portable support and test equipment required for per- 
forming maintenance on the equipment. 
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DATA ITEM DESCRIPTION 

i     r n L. t 

Rl PORT. TASK ANALYSIS/TASK DHSCRIl'TION 

3      OCSCRIPTION    PURPOSE 

This report describes the results of task analyses performed hy the eon- 
Iractor and presents task descriptions.   The purpose of the report is to 
summarize the work that the operalor/niainlainer performs and to provide 
a basis for the design of the system, equipment, or facilities. 

7       API'LICAIION    I N T LPP LL   A I IOIJSI- 

7.1   This data item describes data documenting a portion of the contrac- 

tor's effort required by MIL-H46S55, para. 12.1.3, 3.2.1.3.1. and 

7.2 Task Analysis/Task Description Reports will be used to evaluate the 

contractor's analyses of men in the system. 

7.3 This data item is related to 1)1-11-2104. Human Hngineering Program 

Plan, and 1)1-11-2107. Human Hngineering Design Document. 

IDENTIFICATION NOISI 

NAVY Dl-il-2109 

4       APPROV AL   DA T E 

1973 Julv 20 
OFFICE OF PRIMARY IICMIIO. 
RESPONSIBILITY ( cV   Uor.Ko) 

NMCASHCSH) 

6       UOr   nEQUIRED 

NA 
H       APPROVAL   LIMITATION 

NA 

REFERENCES lMotui<i(t>rv ns  t tlvil i 
bhnk  }U) 

MIL-11-46855 

MC 51.    NUMDE R( SI 

10781 
l    (. I  P A R A T | ü N    INSTRUCTION:. 

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of 
imitation for bids or request for proposals, form a part of the DID to the extent specified herein. 

10.2 The Task Analysis/Task Description Report shall be prepared in contractor selected format of How 
diagrams, tabular presentations, and narrative. The report shall describe the results of the task analyses 
required b\ Mll,-ll-4(i.S55. para 3.2.1.3. and shall consist of the following: 

a. Summary of gross tasks identified during analyses performed in response lo MIL-11-46855, para. 
3.2.1.3.1. 

b. Identification of critical task characteristics as required by MIL-H-46855. para. 3.2.1.3.2. if 

applicable. Supporting evidence shall be supplied if applicable. Hxample: The method by which an 
operator's reaction time is estimated should be included. 

c. The results of the operalor/niainlainer workload analysis     If there is more than one crew member 
involved in the system operation, the interaction workload of the crew members shall also he identified. 

if Discussion of related factors such as system or equipment performance, cost, and delivery 
schedule when these factors are affected by one or more of the critical tasks. 

e. Discussions of task-related data shall be extracted from the task analyses anil compiled in pre- 
liminary operator/mainlainer procedurally-oriented task descriptions for use in developing procedures 

documents, personnel planning, and system testing. 
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DATA ITEM DESCRIPTION 

1        T I T L l." 

Kll'ORl. HUMAN INCINNRINC I'KOCRI SS 

rn: 5 c R ( P 
T i o N  PURPOSE 

This rcpiirl describes sUilus ol' iho canlractur's liunum engineerinf! prn- 
linuii. I ;icli report is used to inmsmil IniiiKiii engineering progress, 
problems, ami plans lor eueli sueceetling repurling perioil. These reports 
provide evidence thai luinum engineering consider;)lions ;ire rellected in 
sysi 'in design ant! developmenl ami indicate compliance with contractual 

requirements for human engineering. 

Al   PL tC A I  10 N     I N T f   P 'l I   I    A ■ 

7.1 This data item describes data required by Mil.-11-46855, para, 

5.1.:..T3.:.1.5.1.and.T:.1.3.2. 

7.2 The reports inform the procuring activity of the contractor's status 

on the human engineering program defined by the contract and by the 
Human Ingineering Program I'lan (1)1-11-2104) previously submitted by the 
conlractor ami approved by the procuring activity. 

IDENTIFICATION NQI5I 

NAVY 1)1-11-21 10 

4        AW'ROV AL   DAT E 

IWJulv 20 
O f t IC f. OP P RIM AH V      . ,,     i ii-1   i-iC 
pi-.pot.bnm.n v (& LISI'RS) 

NMtASlX'OSSII) 

■:     unr  IUQUIRFD 

NA 
8       APPROVAL    LIMIT A T ION 

NA 

R( t f N (.Nf I 5 (AN'fu/.if ..rv ns 
f>l,n k   10] 

M1L-1I-4().S55 

JUMftpHlSI 

107S1 

H (  F    A P A T I O r. 

10.1 I'nless nthervvise indicateil herein, the documents cited in this block, of Ihc issue in effect on date of 
invitation for bids or request lor proposals, form a part of this 1)11) to the extent specified herein. 

10.2 RIl'ORT CONTI NT:  Human Ingineering Progress Reports shall summari/e the human engineering 
work performed during the reporting period. I ach report will be concise and will not repeat previously re- 
ported material except lor reasons of clarity, fach report shall be in sufficient detail lor the procuring 

activity to ascertain whether human engineering considerations are reflected in sysleni design ami develop- 
ment, verification, ami test and evaluation. The Human l-.ngineering Progress Reports shall include: 

a. List of equipment requiring human engineering effort. The initial report shall list in priority order 

the equipments/functional spaces requiring human engineering in detailed design. The list and nuulifications 
thereto shall be determined in compliance with MI 1.-11-46X55. para. .T2.1.3.1 and 3.2.1.3.2. 

b. Description of human engineering support of design engineering shall inclnde. 

111   An annotated listing 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. 

(3l   Summary of human engineering participation in design reviews. 

c. A summary of detailed task analyses with emphasis on their impact on design, training, procedures, 
layouts, critical situations, etc. Other human engineering activities relating to design ol equipinenl which 
utilizes man as a central element shall be reported in sufficient   etail to demonstrate effective integration of 
the human component into the system. Results of Irade-off studies during systems analysis to determine the 

man-equipment combination required. 
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DATA ITEM DESCRIPTION 
? IDENTIFICATION NOIS) 

KITORT, HUMAN I-NCINII-RINC. THST 
otrsrniPMntj t unfosr. 

I'liis report will be pivp;iivd Ibllowing eacli tmijor test, evahuitioii. or 
demonstration and shall be submitted to the proeuring activity to provide 
evidence that the man-equipment interlace requirements for the operation 
and niamlenanee of the system, as specified in the contract, have been 
met. 

•\  ■   '     If, 'Mil 

'-1    1 Ins data item describes data dociimenliiifi a portion of the eontrac- 
InrVelTorl required In Mil.-11-46X55, para. ,12.2.4, and 3.2.4. and 
.v2.4.,v 

7 2   I he Human r.njdneerin}! Test Report deseribes in detail the results 
of the contractor's demonstration of the iteni(s) under test, and it is used 
b\ the proeurini! activity to assure that the man-equipment interlace 
requirements for the operation and maintenance of the system conform to 
the eonlraetual requirements. 

7.3   Uns data item is related to 1)1-11-2 105, Human laigiueerinL' Test Plan. 

NAVY 1)1-11-211 
4        At' (' F;üV AL.    DATE 

1972 July 20 
O I   MC L   Ol    PFJiMAR Y    ,  „     ,  ,,, ,    f > ,-. 
K.sro-.s.m.n» (&  US1RS) 

NM(ASHCÖSSH) 

NA 
h       APPfJOV&L.   LI Mil  AflON 

NA 

M ( l H I.Nf i: s (Munikittfy ns 
l>l(>ik ]()} 

M1I..-1I-46S55 
M!L-STI)-S3i 

MC 5L.   NUWBEH(S) 

10781 
, ( 1    AT, /. T ION   IfJ'j I HiJC    II 

10.1 Unless otherwise indicated herein, the documents cited in this block, of the issue in effect on date of 
invitation for bills or request for proposals, form a part of this 1)1!) to the extent specified herein. 

10.2 The Human lauuneeringTest Report shall be prepared in compliance with the provisions of MlL-H- 
4(i.S55, para. 3.2.2.4, and 3.2.4 and where applicable MIL-STD-83 1 for each major lest, evaluation, or 
demonstration. 

a. Test title and identifying number. 

b. Type of test (see 1)1-11-2105, Human hngineering Test I'lan, Para. IOJ.C). 

e. Description of test purpose, identification of test objectives, identil'iealion of equipment being 
tested, if applicable. 

d Description of test methods and procedures, measurement methods, criteria, apparatus, instru- 
mentation, facilities, personnel. 

e. 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; 

(1) 1-iunneration of each deficiency/failure. 

(2) Description of any eontract 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. 
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DATA ITEM DESCRIPTION 

i    11 u i; 

IDENTIFICATION NOISI 

Rl-.I'ORT, HUMAN l-NCINN-KINC FINAL 

n c s r R i r T i ^ N  i ;. u i o s i 

This rcporl sumnuiri/cs contractor's human enpinccrinjj oll'orts during! 
ilosiiüi, dcvi'lopmcnt. verification, test ami evaluation of (he system, equip- 
ment, or facilily. This report also ilocuments decisions and Irade-olTs 
influencing design configuration.  It identifies remainini; lumian eniiinecring 
problems, if any. and recommends remedial action. 

7.1 This dala item siimman/cs "lie conliactor's human engineering efforts 
performed under MIL-ll-4(iS55. para 3.1.2.3, 

7.2 The report will he used by the procuring activity lo evaluate the 
contractor's human engineering efforts and lo serve as a baseline for 
application lo subsequent system improvements and future procurements, 

7.3 This data item is related to 1)1-11-2104. Human hngineering 
Program Plan, 

NAVY 1)1-11-211, 
4     A( PR OVAL   DATE: 

1973 July 20 
OtfiCLOF    PPIWAR 
M [  5PO 

NM(ASHCOSSH) 
uor nt QUIPFD 

NA 
M       APPROVAL    LIMITATION 

NA 

HCf I NCNCL'S iMnnüiili'tv us   < itr 

IL-H-46855 

MC 51     NUMBE R( 51 

1078! 
tr      p WEP A R AT ION  INSIRur t I o ^.'. 

10 I   Unli-ss otherwix' IIUIK.IU'J liercin, Ilk' ilocumciiis kited in llns bluek. oi IIK- ISMIC in eltVei on ilati" of 

jiniKilion tor hüls or iciiuesl lor pio|ios.ils. lorm n pari ol ilus DID lo Lite extent speeilied herein. 

10 2   I IK' Hum,in I upnu'trmi; I ni.il Repuri shall lie prepared in uimpliaiKv with MlL-H-4fiX55, para JJ.Z,.^ 

in Liinlraetor lonn.ii UIIKII shall 

a    DestTiK' tlii' sHsteni, In niaior nein, and outltiH' ihe activities performed and resultsaeliieved in 

anordaikL1 with thi' cimtr.tvt and the Human l-,ni!ineeriii.i! I'roiiraiii Plan (D1-11-2 1041. 

h,   Sunmian/e human en^Kkvrmi; mpul in llie following areas 

ill I ijiupmenl detail dtMfjii, 

\2l tturk einirymik-nt. lauhtii's devit-Mi and satclv. 

i.!i ( on11,K lor prepared s\skiii peilbrnianee and design speeificalinns. and aeeeplanee 

lest spa ilie.ilums 

(4 i Kepoi is ol suKtintraetiirs lunnan eiliriiieennt! aelivitres 

I^I Studies 

(Ol Desr'n lev leu 

i" i Vei ilk.ition. ivsl and evaluatiim. 

L    Describe leniainiiig human enemeerini; prohleins. it ain. and reeommended remedial aelion 

d    I'mude liuin.m eirjineeiini'reeommeiklalions loi sjslein improveme its and or future 
proeureineiils 
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