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Standard Practice for
Human Engineering Program Requirements for Ships and
Marine Systems, Equipment, and Facilites *
This standard is issued under the fixed designation F 1337; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3.1.2 critical activity—any human activity that if not ac-

1.1 This practice establishes and defines the requiremeng®mPplished in accordance with system requirements (that is,
for applying human engineering to the development andime limits, specific sequence, necessary accurac_y) Y\(I" have
acquisition of ships and marine systems, equipment, ana_dverse effeqts on system or equipment cost, reliability, effi-
facilities. These requirements are applicable to all phases &fency, effectiveness, or safety. _
development, acquisition, and testing and shall be integrated 3.1.3 cultural expectatior-the cause and effect relation-
with the total system engineering and development, and te§iPs (for example, red means stop or danger) that humans
effort. It is not expected nor intended that all of the humanl€arn from their culture. _ o
engineering activities should be applied to every marine 3:1.4 duty—a set of operationally related tasks within a
program or program phase. Therefore, these activities shall f#ven job (for example, communicating, operator mainte-
tailored to meet the specific needs of each program and tHé&nce). _ o
milestone phase of the program within the overall life cycle. 3:1.5 function—an activity performed by a system (for
This tailoring shall be performed by the procuring activity or €xample, provide electric power) to meet mission objectives.
by the contractor or subcontractor with the assistance and 3-1.6 human engineering-a specialized engineering disci-
approval of the procuring activity in order to impose only the Pline within the area of hymar_l factors that apph_es smennﬂp
essential human engineering requirements on each prograf#ffiowledge of human physiological and psychological capabili-
Guidance for selection of only the essential requirements i§€S and limitations to the design of hardware to achieve

contained in Appendix X1. effective man-machine integration.

3.1.7 human factors-the application of scientific knowl-

2. Referenced Documents edge about human characteristics, covering both biomedical
2.1 ASTM Standards: and psychosocial considerations, to complete systems, indi-
F 1166 Practice for Human Engineering Design for MarineVidual equipments, SOﬁware, and facilities. This application is

Systems, Equipment and Facilittes through such specialized fields as human engineering, man-
2.2 Other Standard: ning, personnel selection, training, training devices and simu-

SNAME Sample Model Specification for Human Engineer-lation, life support, safety, job performance aids, and human

ing Purposes—Technical and Research Bulletin 4-22  performance testing and evaluation. _ _
3.1.8 human interface-any direct contact (that is, physical,

3. Terminology visual, or auditory) with a piece of hardware or software by a

3.1 Definitions of Terms Specific to This Standard: human operator or maintainer.

3.1.1 arrangement drawings-engineering design drawings  3.1.9 job—the combination of all human performance re-
that provide plan, sectional, and elevation views d the  quired for operation and maintenance of one personnel position
configuration and arrangement of major items of equipment foln @ system.
manned compartments, spaces, or individual work stations, and 3-1.10 life support—that area of human factors that applies

(2) within the work station, such as in a modular rack or on ascientific knowledge regarding the effects of environmental
fiddleboard. factors on human behavior and performance to items that
require special attention or provisions for health promotion,
biomedical aspects of safety, protection, sustenance, escape,
* This practice is under the jurisdiction of ASTM Committee F25 on Ships andsurvival, and recovery of personnel_
gﬂ:rrig;aalnggﬂiciIgn%)gr;g is the direct responsibility of Subcommittee F25.07 on 3.1.11 missiop—a specific performance requirement im-
Current edition approved April 15, 1991. Published November 1991. posed on one or more systems (for example, unload cargo)

2 Annual Book of ASTM Standardgol 01.07. within the operational requirements.
3 Available from Society of Naval Architects and Marine Engineers, 601 Pavonia
Ave., Jersey City, NJ 07306, Attn: Technical Coordinator.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.12 operational requiremenitsrequirements under 3.1.22 vendor drawings—design drawings prepared by the
which the platform, system, equipment, or software will bemanufacturer of an individual piece of equipment which is
expected to operate and be maintained (for example, day/nighurchased for installation aboard a ship or other marine
all weather operation, sea state, speed, endurance) whipatform.
completing a specific mission or missions.

3.1.13 panel layout drawings-detailed drawings that in-
clude such features as: a scale layout of the controls and 4.1 Human Engineering Program PlarThe human engi-
displays on each panel or an item of equipment such as meering program plan, in accordance with the requirements of
shipboard command console; a description of all symbols usedhis practice and the equipment or ship specification, shall
identification of the color coding used for displays and con-include the tasks to be performed, human engineering mile-
trols; the labeling used on each control or display; and thé&tones, level of effort, methods to be used, design concepts to
identification of control type (for example, alternate action orbe used, and the test and evaluation program, in terms of an
momentary), also screen layouts for software generated diédtegrated effort within the total project.
plays. 4.2 Quality Assurance-Verification of compliance with the
requirements of this practice and other human engineering
|requirements specified by the contract will be the responsibility
equipment, system, or software will be installed or added. of the procuring activity. Human engineering performed during

! i i , the development program by a contractor or subcontractor shall

3.1.15 spatial relationships-placement of multiple but pe jemonstrated to the satisfaction of the procuring activity at
separate components of a system together, so it is visuale scheduled design and configuration reviews and inspec-
obvious that the components are related and used together, f¥ns, as well as during development test and evaluation
placement of identical components used on multiple systems @spections, demonstrations, and tests.
provide the user with a spatial clue as to where the components 4 3 Nonduplication—The efforts performed to fulfill the
are located. human engineering requirements specified herein shall be

3.1.16 subtask—activities (perceptions, decisions, and re-coordinated with, but not duplicate, efforts performed in
sponses) that fulfill a portion of the immediate purpose withinaccordance with other requirements. Necessary extensions or
a task (for example, remove washers and nuts on the watéransformations of the results of other efforts for use in the
pump). human engineering program will not be considered duplica-

3.1.17 systerm—a composite of subsystems, including fion. Instances of duplication or conflict shall be brought to the

equipment, communications, software, and personnel that ef{tention of the procuring activity.

ther independently, or in conjunction with other systems, 4.4 Cognizance and CoordinatierThe human engineering
performs functions. program shall be coordinated with maintainability, system

safety, reliability, survivability/vulnerability, and integrated

3.1.18 system analysis-a basic tool for systematically de- 2 )
fining the roles of and interactions between the equipmemlogl_stlc support, as well as other human fact(_)rs functlons,_such
L as life support and safety, personnel selection, preparation of
personnel, communications, and software of one or mor

. . . i . Job aids, and training. Results of human engineering analysis or
systems. Itis an iterative process, requiring updating. Used ijiqsqnq" jeamed information shall be incorporated into the
the early phases of design,

_ it can be useful in allocating,gistic support analysis as applicable. The human engineering
assignment of tasks to personnel, equipment, software, Or SOMBrtion of any analysis, design and development, or test and

combination thereof. Done in later design stages, it can serve gs,a1uation program shall be conducted by, or under the direct

the basis for the arrangement of equipment and work stationgognizance of, personnel properly trained and experienced in
3.1.19 task—a composite of related activities (perceptions,human engineering and assigned the human engineering re-

decisions, and responses) performed for an immediate purpossgonsibility by the contractor or subcontractor.

written in operator/maintainer language (for example, change a

water pump). 5. Significance and Use

3.1.20 task analysis-a method used to develop a time- 5.1 Intended Use-Compliance with this practice will pro-
oriented description of the interactions between the humagide the procuring activity with assurance that the operator/
operator/maintainer and the equipment or software in accommaintainer will be efficient and effective in the operation and
plishing a unit of work with a system or individual piece of maintenance of systems, equipment and facilities. Specifically,
equipment. It shows the sequential and simultaneous manutilis intended to ensure that:
and intellectual activities of personnel operating, maintaining, 5.1.1 System performance requirements are achieved by
or controlling equipment, in addition to sequential operation ofappropriate use of the human component,
the equipment. 5.1.2 Proper design of equipment, software and environ-

3.1.21 task elementthe smallest logically and reasonably ment permits the personnel-equipment/software combination
definable unit of behavior required in completing a task orto meet system performance goals,
subtask (for example, apply counterclockwise torque to the 5.1.3 Design features will not constitute a hazard to person-
nuts, on the water pump, with a wrench). nel,

4. Summary of Practice

3.1.14 platform—the major hardware (for example, ship,
off-shore rig, barge, submarine) on, or in which, the individua
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5.1.4 Trade-offs between automated versus manual opera-6.1.1 Operational Requirements (OR)Operational re-
tion have been chosen for peak system efficiency withinqguirements (ORs) are established first to define the parameters
appropriate cost limits, within which the individual equipment, system, or total plat-
5.1.5 Application of selected human engineering desigrform shall be expected to perform. ORs shall be expressed in
standards are technically adequate and appropriate, such terms as the weather conditions under which it must
5.1.6 Systems and equipments are designed to facilitateperate (for example, rain, snow, sea state limits); number of
required maintenance, days it must operate without being refueled or resupplied; and
5.1.7 Procedures for operating and maintaining equipmennaximum number of personnel that will be available to operate
are efficient, reliable and safe, and maintain the hardware. Human engineering shall be
5.1.8 Potential error-inducing equipment design features areonsidered in the development of ORs, especially when the
eliminated, or at least, minimized, ORs include requirements on the number, type, or training of
5.1.9 Layouts and arrangements of equipment afford effioperators or maintainers, or both.
cient communication and use, and 6.1.2 Mission Requirements Analysigvlission require-
5.1.10 Contractors provide the necessary, technically qualiments define the performance parameters of the equipment,
fied manpower to accomplish the objectives listed. system, or total platform in greater detail than that provided by
5.2 Scope and Nature of WorkThe human engineering the ORs, and in terms of specific activities the hardware/
effort shall include, but not necessarily be limited to, activesoftware is supposed to accomplish. Human engineering shall
participation in three major interrelated areas of platformbe involved in establishing the mission requirements since the
system, and equipment development. human’s capabilities or limitations may well be a controlling
5.2.1 Analysis—Starting with a mission analysis developed factor regarding whether or not the mission requirements can
within baseline operational requirements, the functions thabe met.
must be performed by the system in achieving its mission 6.1.3 System Requirements AnalysiSystem requirements
objectives shall be identified and described. These functiongnalyses define the specific systems that will be needed to
shall be analyzed to determine the best allocation to personn&luccessfully complete each of the missions delineated above.
equipment, software, or combinations thereof. Allocated funcHuman engineering shall be involved in establishing system
tions shall be further dissected to define the specific tasks thagquirements, since some systems can require greater numbers
must be performed to accomplish the functions. Each task shadif personnel and higher skill levels for operators or maintainers
be analyzed to determine the human performance parametetan others. Human engineering data from existing systems
the system/equipment/software capabilities, and thaimilar to those being proposed for the new design may be used
operational/environmental conditions under which the tasks args a baseline in defining the new system requirements.
conducted. Task performance parameters shall be quantified,g 1 4 Function Definitior—The functions that must be per-
where possible, and in a form permitting effectiveness studiegyymed by each system to achieve the desired mission objec-
of the crew-equipment/software interfaces in relation t0 th&jyes shall be defined. This definition shall be done without
total system operation. Human engineering high risk areagynsideration as to whether the function will be performed by
shall be identified as part of the analysis. a human, by a machine, or by a combination of the two.
5.2.2 Design and DevelopmentDesign and development Fynctions shall be stated as a required action (for example,
of the equipment, software, systems, and total platformsnonitor, receive, communicate, view, send, calibrate). Func-
requiring personnel as operators or maintainers, or both, shajpna| block diagrams shall be used, as appropriate, as a
include a human engineering effort that will ensure thatyresentation tool. Functional definitions shall be as detailed as
adequate and appropriate human engineering design standajgshecessary to permit the successful allocation of the func-
are incorporated into the overall engineering design. Suclions. The transfer and processing of information (for example,
standards may be specifically stated in the system equipmeRferbal communications, electronic transmissions, printed ma-
software, or facilities acquisition specifications, or they may beerial) shall be identified as a function but without reference to
generated from the analysis work completed prior to desigRpecific machine or human involvement. Human engineers
and development. shall be involved in identifying functions, since this activity
5.2.3 Test and Evaluatior-Test and evaluation shall be serves as the base for the next step, which includes major
conducted with the newly designed equipment, softwareparticipation by human engineering.
facilities, and environment to verify that they meet human g 1 5 Fynction Allocation—Each function identified from
engineering and life support criteria and are compatible withpe breyious step shall be assigned to be machine implemented,
the Qverall system requirements. This shall_mclude per'Od'(‘%)nerformed by software, reserved for the human operator/
on-site checks of the platform, systems, equipment, softwarénintainer, or performed by some combination thereof. Human
or facilities during construction to ensure that changes are nQigineering specialists shall participate in the function alloca-
made during construction that would degrade earlier humag,n process to ensure that each function assigned to the human
engineering efforts. is within the human’s capability. Known human engineering
experiences with man-machine functional allocations on exist-

6. Human Engineering Activities ing equipments, systems, or platforms similar to those under
6.1 Scope—The human engineering program shall includeevaluation; personal human engineering experience in the
the following activities: function allocation field; and available information on human
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physical and psychological performance capabilities shall beletermined locations of hardware)d) (communications re-
used when applicable in determining function allocations.  quirements (for example, telephone, voice, sound powered

6.1.6 Equipment SelectiorHardware and software shall Phones, electronic)4f work environment, §) mission, sys-
be selected to perform those functions assigned to them frof¢m, backup, and functional requirements, afl fuman
the function allocation activity. Human engineering principlesPhysical and psychological capabilities within the context of
and design standards shall be included, along with other desighe €xisting design parameters. In conducting the analysis,
considerations, in identifying and selecting that hardwareconsideration shall be given to such issues as projected work
software. Human engineers shall ensure that the equipmelads for each manned position; the kind, amount, and criti-
provides the human with the opportunity to complete thoseality of the information that goes into, and out of, each
functions assigned to the operator/maintainer, and that @perator/maintainer station; the need for direct voice or visual
complies with all of the applicable design criteria contained incommunication between manned positions; location and suit-
Practice F 1166, as well as other human engineering desigtpility of backup equipment in case the primary hardware fails;
criteria contained in the contract, or in other human engineerand the interactions that are required between personnel or
ing design standards referenced in the contract. Known humagfluipment, or both. Using the completed analysis, the human
engineering problems with equipment now in service (forengineer shall participate in establishing the final design or
example, information from equipment casualty reports orrrangement of a piece of equipment, a system, or the total
personnel injury data associated with equipment failure) that iglatform.
similar to that being considered, personal experience with 6.1.8 Task Analysis
applying human engineering design criteria to equipment 6.1.8.1 Concurrence and Availabilit-All task analyses
design, and review of potential supplier engineering data arghall be modified as required to remain current with the design

examples of the human engineering resources that shall be usgflort and shall be available to the procuring activity as
in assessing the acceptance of the selected equipment fromréquested.

human engineering yiewpoint. . 6.1.8.2 Gross Task Analysis (GTA)A GTA consists of
6.1.7 Human Engineering System Analysis Report (HE-defining the major tasks required of the human operator/
SAR) maintainer to complete each function identified and allocated

6.1.7.1 HESAR (TYPE B-Type 1 HESARs, which are to the human during the functional allocation activity (see
prepared early in the design process (for example, during.1.5). The GTA shall present these tasks in the sequence in
feasibility design), shall allow for the evaluation of the which they must be completed and against an established time
appropriateness and feasibility, from a human engineeringine reference. Information flows into, or out from, the human
perspective, of the mission, system, and functional requireshall be included as a task. The GTA shall include both manual
ments, and to serve as one basis for decisions made during thad cognitive tasks, and shall be written in operator/maintainer
functional allocation effort. The HESAR shall contain the language (for example, change fuel pump, steer ship on
results of the mission, system, and functional requirementsonstant heading, calculate fuel consumption rate). Where
analyses and describe the human engineering rationale for, @TAs are required they shall be performed for both normal and
contribution to, each. In addition, the potential impact, or theemergency operating conditions. The GTAs shall be used to
proposed use, of these analyses for future human engineerigtermine, to the extent practicable, whether the system
activities (for example, allocation of functions, equipmentperformance requirements (see 6.1.3) can be met with the
selection, detail design of equipment, arrangement of spaces function allocations, backup facilities, and equipment selec-
compartments) shall be discussed. The objective of the earlyons that have been previously made. These analyses shall also
HESAR shall be to demonstrate that human engineerinpe used as basic information for developing preliminary
considerations have been adequately addressed in the estatanning levels; equipment procedures; personnel skill, train-
lishment of the mission, system, and functional requirementing, and communication requirements; and as logistic support
and that there exists a sound basis on which to allocate thenalysis inputs. Personal experience of the human engineering
functions, select the equipment, and perform the detail desiganalyst in the preparation of GTAs, information from equip-
of the individual piece of equipment, system, or total platform.ment vendor operation and maintenance manuals, inputs from

6.1.7.2 HESAR (TYPE 2}-A Type 2 system analysis, com- the design engineers (either at the procuring activity or the
pleted late in the design process (for example, during develcontractor) of the system(s) or equipment under evaluation,
opment of construction drawings or production drawings) shalpnd established tasks on equipment similar to that under
be done to provide a basis on which to base a particulainvestigation are all resources that shall be used as appropriate
equipment design, or system or compartment arrangement. il the creation of GTAs. GTAs shall be presented in diagram-
completing a Type 2 system analysis the following factors shalmatic form (for example, operational sequence diagrams)
be considered, and shall be discussed in the HESAR: ( unless otherwise approved by the procuring activity.
description of the equipment, console, compartment, system, or 6.1.8.3 Critical Task Analysis (CTA}Those gross tasks
work station on which the analysis was conduct&),gxter-  identified in the GTA that require critical human performance
nally imposed design requirements or criteria over which th€for example, no deviation from a fixed sequence; task comple-
human engineer had no control (for example, number ofion within a fixed, and limited, time frame; accurate setting or
operators/maintainers, specific types and numbers of consolegading of an important control or display), reflect possible
previously determined man-machine function allocations, preunsafe practices, or that are subject to promising improvements
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in operating efficiency shall be identified and further analyzed 6.1.9.8 The effects on physiological and psychological per-
upon approval of the procuring activity. CTAs require detail toformance due to special clothing, or chemical, biological, and
the subtask (for example, remove hose clamp from hose on thadiological (CBR) protective suits,

discharge side of water pump), or even task element level (for 6.1.9.9 Provisions to maximize cultural expectations and
example, turn screw on the hose clamp on discharge side @patial relationships in the design,

water pump counterclockwise with Phillips head screwdriver). 6.1.9.10 Equipment removal and stores handling provisions,
Other inputs which shall be made to a CTA includd) (  6.1.9.11 Crew safety requirements, and

information required by the operator/maintainer for task initia- g1 9 12 The range in physical size (for example, 5th to 95th
tion, (2) all information available to the operator/maintainer, percentile dimensions) and mental capabilities of the antici-
(3) cognitive functions required of the operator/maintainer topated users of the equipment.

process or act on the infor_r_natiom;) (actions required by the 6.1.9.13 The adequacy of including human engineering
human ba;ed on the cogmtwe processé)sv\(orkquce enve- principles and design standards into the overall design effort
lope required by the actlonsﬁ)( Workspace. available, 7] shall be evaluated during design reviews. Where such reviews
frequ_ency and accuracy requwgd of the apt|08$,f¢edback involve a contractor or subcontractor, the individuals assigned
“?q“'fed to the operator/mam_tamer regarding the _adequacy e human engineering responsibilities by these organizations
his/her actions,q) tools or equipment, or both, required by the g5 harticipate in the reviews. At quarterly design reviews
human, (0) JOb. aids or ref_erences required.1) _numbgr of these individuals shall provide the same type of presentation as
personnel required or provided, as well as their specialty ang, ,oqe by the other engineering disciplines.

experience, 12) communications required, and the types of 6.1.10 Application of Lessons Learned Information

communications 13) safety hazards involvedl4) operational Information on known or suspected human engineering prob-
requirements of the human (for example, hours on duty

. . . lems from past or existing equipments, systems, or total
number of repetitive motions)16) backup facilities available, P g equip y

. : .platforms similar to that under design shall be obtained and
and (L6) operator interaction where more than.one person Igsed in the design of the new equipment, system, or platform.
involved. The format shall include a time line base for ! !

. . S . . This information shall be acquired from such sources as:
presenting the information listed herein. Task analysis may b%

duced b ‘ ted f ) q | ersonal inspection of current hardware, system, or platform
produced Dy automated programs atter review and approval Qo example, conduct a ship check or ship survey), interviews

the programs by the procuring activity. with past or current operators or maintainers, or both, a review
6.1.9 Human Engineering DesigrHuman engineering of sea trial deficiency cards, discussions with past or current
principles and design standards shall be applied to the design gésigners of similar equipments, systems, or platforms, and
all compartments, spaces, systems, individual equipment, woliigyestigation of personnel injury or equipment casualty reports,
stations, and facilities in which there is a human interfaceor hoth. Any summation reports prepared from the acquisition
Drawings, specifications, analyses, or other documentatiopf this data shall provide the information by equipment,
shall reflect incorporation of these human engineering prinsystem, or ship compartment and shall include the ship work
ciples and standards. Where specific design criteria are reyreakdown structure (SWBS) number or other corresponding
quired, they shall conform to Practice F 1166 or other humarpecification section for each identified human engineering
engineering criteria required by the contract. Design of theyroblem.
compartments, spaces, equipments, systems, work stations, ang 111 Engineering Design DrawingsHuman engineering
facilities shall provide for both normal and emergency condi-principles and design standards shall be reflected in the
tions, and shall consider at least the following where appli-engineering design drawings produced for marine systems and
cable: equipment. These principles and standards shall be incorpo-
6.1.9.1 Environmental conditions, such as temperature, huated in all engineering drawings that involve a human inter-
midity, air flow, noise and illumination levels, and atmosphericface and are developed during the various design phases.
contaminants, Specific types of drawings to which the human engineering
6.1.9.2 Weather and climate, such as rain, snow, and ice, Principles and design standards shall be applied include:
6.1.9.3 Platform motion (for example, ship roll and pitch), °verall platform (for example, ship, off-shore rig, barge)

6.1.9.4 Space (that is, access) requirements for personnel rrangement drawings, individual compartment or space ar-
9.4 Space . ) 9 S for pers gngement drawings, zone arrangement drawings, console or
perform operations and maintenance, keeping in mind the

. . . . work station panel layout drawings, individual equipment
special clothing or protective gear they may be wearing and thgesign drawings, piping arrangement drawings, and other
tools they may be carrying, ' '

. drawings depicting the design or arrangement, or both, of
6.1.9.5 Safe and efficient walkways, ladders, work plat-equipment requiring operation or maintenance, or both, by
forms, and inclines, humans. The drawings shall comply with the applicable criteria
6.1.9.6 Adequate physical, visual, and auditory links be-contained in Practice F 1166 or other human engineering
tween personnel, and between personnel and their equipmedésign standards, or a combination thereof, as specified in the
so that reach and visual envelopes are within standard limitazontract.

tions, 6.1.11.1 Where the drawings are produced by a contractor, a
6.1.9.7 Provisions to minimize physical or emotional fa-specific list of the engineering drawings or a description of the
tigue, types of drawings that will receive human engineering input
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shall be included in the contractor's human engineering proity. Mockups and models may be disposed of only with the
gram plan (HEPP). Personnel assigned human engineerirapproval of the procuring activity.

responsibility by the contractor shall approve all drawings 6.1.16 Human Engineering in Performance and Design
included in the HEPP list before the drawings are released fogpecifications-Where the contractor prepares a specification
production. for the design, development, construction, or acquisition of a
6.1.12 Human Engineering in Vendor Hardware/Software  marine platform, system, piece of equipment, facility or
Human engineering principles and design criteria from Practicgoftware, it shall conform to applicable human engineering
F 1166 (or other approved design standards) shall be incorperiteria of Practice F 1166 and other human engineering criteria
rated into hardware and software purchased by the contractgpecified by the procuring agency.
for inclusion on a marine platform or major system. The human ¢ 1 17 Equipment Procedure Plates and ManuaiShe
engineering program plan shall include a list of the hardware(,niractor shall apply human engineering principles and crite-
software items on which human engineering principles andij ¢4 the development of procedures and manuals for operat-
design criteria will be imposed. The contractor_shalll alsoing, maintaining, or otherwise using the system and equipment.
ensure that the vendor hardware/software complies with the g, individual procedure plates (for example, lubrication

design standards of Practice F 1166 after installation in or ORparts, hazard warnings, operating instructions, schematics),

the platform or system. mounted at the equipment, they shall comply with the design
6.1.13 Studies, Experiments, and Laboratory Tes®ie  requirements in Practice F 1166. For computer systems, human
contractor shall conduct experiments, tests (including dynami@ngineering shall be applied throughout software program
simulation per 6.1.14), and studies required to resolve humapjanning and development. This effort shall be accomplished to
engineering and life support problems specific to the systemansyre that the procedures are concise, unambiguous, and easy
Human engineering and life support problem areas shall bg, read and follow with a consistent presentation format,
brought to the attention of the procuring activity, and shallegpecially for the hazard identification statements. The results
include the estimated effect on the system if the problem is no§s this effort shall be reflected in the preparation of user-

studied and resolved. These experiments, tests, and studiggented operational, training, and technical plates, manuals,
shall be accomplished in a timely manner, that is, such that thg,4 other publications.

results may be incorporated into the design. The performance

of any majo_r_study effort shall require approval by the (HEDAD)—Two types of HEDADs shall be prepared: the
procuring actmty. ) . . . . HEDAD-operator (HEDAD-O) and the HEDAD-maintainer
6.1.14 Dynamic Simulation StudiesDynamic simulation éHEDAD-M).
n

studies shall be used as a human engineering design tool wh .
necessary for the detail design of equipment requiring critical 6.1..18.1HEDAD—O—TI'he HEDAD-O shall describe the. '
human activity (for example, precise ship maneuvering 0|as—bwlt system or equipment (for example, console, specific

handling tasks). If such studies are completed, the simulatioWork stat|on', compartm'ent irfr}angement, lube 0_” systemr)1 fr”o?
hardware/software should be evaluated as a training tool operator's perspective. The system or equipment shall be

well, and shall be addressed in the dynamic simulation plard€Scribed in detail (for example, each display or control on a

No dynamic simulation studies shall be performed withoutcOns0l€; each pump, controller, and meter in the lube oil
prior approval of the simulation plan by the procuring activity. SYStém) explaining the design, layout, and location of each

. component from a human engineering perspective. The
6.1.15 Mockups and Modeis-Models and mockups built to |1—‘,DAD—O shall describe where each component is located,

resolve access, workspace design, equipment arrangements '11] . ) ) . o
other human engineering problems shall be constructed at tr\{& y it was designed the way that it appears in the finished

earliest practical point and well before fabrication of theprOdUCt’ and wh_y the_as-bui!t arrangement was selected (that is,

compartment, system, or equipment. The proposed humatﬁ'e human engineering ratlpnale). The HED.AD'O shall pro-

engineering program plan shall specify which models and"de the procuring actl\_/ltywnh sufficient detall_tc_J evaluate the
-built system or equipment to ensure that it is operable and

mockups the contractor proposes to use for human engineeri i ith the h . , . .
purposes. Mockups shall be full scale and models shall be buiffPMPlies with the human engineering requirements contained

to SNAME Sample Model Specification for Human Engineer-'” the system or equipment design and acquisition contract.
ing Purposes—Technical and Research Bulletin 4-22. For 6.1.18.2HEDAD-M—The HEDAD-M shall be prepared in
models and mockups specified primarily for human engineerthe same manner and detail as the HEDAD-O but shall
ing use, the workmanship shall be no more elaborate than @escribe the system or equipment from a maintenance perspec-
necessary to determine the adequacy of size, shape, arrandg&e. In addition to a description of each component, such items
ment, access, or panel content of the equipment for human usas access openings, test or calibration points, lubrication
Models and mockups shall be constructed as simply anfittings, and other maintenance specific design features shall be
inexpensively as is compatible with the objective and useidentified and discussed. The HEDAD-M shall be in sufficient
They shall be updated regularly to reflect the latest designsletail to allow the procuring activity to determine that the
Upon approval by the procuring activity, scale models may besystem or equipment is maintainable and complies with the
substituted for mockups. The models and mockups shall beuman engineering requirements contained in the design and
available for inspection as determined by the procuring activacquisition contract.

6.1.18 Human Engineering Design Approach Document
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6.1.18.3General RequirementsThe systems or equip- 7.3 Human Engineering Test PlanrA human engineering
ments that will receive a HEDAD during design and develop-test plan (HETP) shall be prepared describing when, how, and
ment shall be listed in the contractor's human engineeringvho will complete the human engineering test and evaluation
program plan along with a brief rationale as to why theprogram. For smaller or less complex systems, the HETP may
particular HEDADs were selected (the explanation is requiredbe submitted as part of the HEPP. If the plan is prepared by a
only if the contractor was allowed to select the HEDADS). A contractor, it shall be approved by the procuring activity before
brief discussion of the contractor’'s proposed methodology fothe start of testing. The plan shall describe the proposed test
completing the HEDADs shall also be included in his plan. Theand evaluation program in sufficient detail to permit the
contractor shall include drawings (for example, console pangbrocuring activity to determine if the test program will meet the
layouts; system arrangement; plan, section, and elevations fabjectives listed in 7.1. The plan shall be prepared so that the
work stations), photos, or other visual aids as necessary tguman engineering tests will involve individuals representative
assist in describing the system or equipment. of the intended user population, performing actual (or simu-

6.1.19 Human Engineering Progress Report (HEPR) lated) operational and maintenance tasks, under actual or
HEPRs shall be prepared by the contractor and submitted onraalistic operating environments, and using garments and
regular basis to the procuring activity. The reports shall beequipment appropriate to the tasks involved in the tests. The
concise, but in sufficient detail to allow the procuring activity plan shall require that all failures occurring during test and
to assess the adequacy of the contractor's human engineeriagaluation shall be subjected to a human engineering review to
program. Information on work accomplished, human engineerdifferentiate between failures caused by equipment alone,
ing problems encountered and solutions generated, as well g&rsonnel-equipment incompatibilities and those caused by
projected activity for the next reporting period shall bepersonnel alone. The contractor shall identify and notify the
included. procuring activity of suspected design conditions which con-
tributed substantially to or induced human error and shall

21 H Engi i T d EvaluatierTh propose appropriate solutions to these conditions.
-+ AUman Engineering in est and EvaluatieiThe con- . 7.4 Human Engineering Test Reports (HEFRAn HETR
tractor shall establish and conduct a test and evaluation . ,
) shall be prepared for each human engineering test conducted. It
program to: ; . "
. . shall describe the equipment tested, the test conditions, test
7.1.1 Demonstrate conformance of marine system, equip- . . .
. : , . . - . Tsubjects, test procedures, results, and design recommendations
ment and facility design to human engineering design C”te“aComin from the test results. For small or less complex
7.1.2 Confirm compliance with overall system performanceS sten?s the HETR mav be su.bmitted as part of the HEIER
requirements where personnel could be a performance dete?Y ’ y P :
minant,
7.1.3 Secure quantitative measures of system performanc?e
which are a function of the human interaction with equipment, 8.1 Data RequirementsHuman engineering data require-

and ments shall be as specified by the contract. See Appendix X2.

7.1.4 Determine whether undesirable design or procedural g 1.1 Traceability—The contractor shall document his hu-
features have been introduced, but went undetected, duringan engineering efforts to provide traceability from the initial
design and development. The test and evaluation effort may hgentification of human engineering requirements during analy-
required at various stages in system, subsystem, or equipmeg)k or system engineering, or both, through design and devel-
development but these shall not preclude final human engineegpment to the verification of these requirements during test and
ing verification of the complete system. The human engineerayajuation of approved design, software, and procedures. Each
ing test and evaluation program shall include both operator angyman engineering input made during design, construction,
maintenance tasks as described in a test plan approved by thgq test shall be recorded to indicate that the input was
procuring activity. ) _ _ i included in the finished product or rationale for exclusion.

7.2 Planning—Human engineering testing shall be incorpo- 8.1.2 Access-All data, such as plans, analyses, design
rated into the total platform, or individual system, hardware, or Vi'ev'v results, drawings,’ checklists, desig’n and test ’notes, and

. X e
software test and evaluation program. The test requwemenéﬁher supporting background documents reflecting human

shall be satisfied through integration with the eqUIpmentengineering actions and decision rationale, shall be maintained

e_ngineering acceptance tests, contractor demonstrations,_ Sh'H made available at the contractor’s facilities to the procur-
trials, research and development acceptance tests, or dedlcaf%od

human engineering tests using actual hardware or mockup@g activity for meetings, reviews, audits, demonstrations, test
Compliance with human engineering requirements shall bé&
tested as early as possible. Human engineering findings fro

design reviews, mockup inspections, demonstrations, and other
early engineering tests shall be used in planning and conduct- 9.1 drawings; equipment; human engineering; human engi-

ing later tests. neering program; human factors; program, ships; system

7. Test and Evaluation

Documentation

nd evaluation, and related functions.

Keywords
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APPENDIXES
(Nonmandatory Information)

X1. TAILORING GUIDE FOR PRACTICE F 1337

X1.1 Scope contractor. The responsibility for selecting these activities must

X1.1.1 It is not expected nor desired that every humar/€St Wi.th. the human engineering specialists Within the procur-
engineering activity contained in this practice should beln9 activity. For cost_p!L_Js contracts, the contractor is sometimes
completed on every marine contract. Therefore, this practice igiven the responsibility to define the human engineering
deliberately constructed to allow the procuring activity, (or theProgram, with procuring activity approval. Therefore, this
contractor, if directed to do so), to choose only those activitie4ailoring guide should be used by whomever shapes the human
that will directly benefit each contract. This appendix providesSngIin€ering program.
guidance and selection criteria to assist in picking from all the X1.2.2.3 Selection Guidelines (General)
human engineering activities described in this practice only Generally, human engineering activities from this practice

those that are necessary for each contract. should not be included in a contract that covers parts, subas-
semblies, or other small components (for example, bearings,

X1.2 Tailoring transformers, wheels). Likewise, the practice should normally
X1.2.1 General not be considered for use in hardware/software development

The underlying purpose for any human engineering prograrﬁomraCts where human involvement or interface is obviously
on an equipment, system, or platform design and developmems'gn!f'ca.nt' In contrast, i the request for _proposals (RFP)
contract is to influence the design of the hardware/software, n&peuflcanonz or other contract documentation states per_for—
to produce paper. Lengthy studies, unnecessary analys ance requirements or goals (for example, accuracy, time

wordy progress reports, simulation studies that make no dire |[rh|ts, maximum error ra_tes, mean time to repair) to Wh'Ch the
contribution to design, unproductive human engineering te uman operator/malntaln_er can reasonably be considered to
programs, and system analysis studies done after design (fgntrlbute, then this practice shgqld be used.

frozen are wasteful and undesirable. Thus, every human X1.2.2.4 Phases of the Acquisition Process

engineering activity included in a contract must be directly ~There are distinct phases in the acquisition of a new platform
oriented to maximizing the human’s contribution to the overall(Ship), system, or equipment. For a system or equipment these
successful operation of the hardware/software under desigAre normally concept exploration, demonstration and valida-
That is why decisions to include human engineering and whiciion, full-scale development, and production and deployment.
activities, must be done by human engineering specialistd;0r @ ship these four phases are feasibility studies, preliminary
either at the procuring activity, or within the contractor’s design, contract design, and detail design and construction.

organization. X1.2.2.5 Selection Guidelines (Particular)
X1.2.2 Selection Guide A more specific guideline for selecting particular activities
X1.2.2.1 General from the practice is included in Table X1.1. The table shows

The decision as to whether or not to invoke this practice aghe human engineering activities and requirements, identified
a mandatory provision on design and development contractgy paragraph number and title. It also shows the four stages of
for marine equipments, systems, or platforms is dependent diie design process commonly found in the marine design and
several factors includingi the type of hardware/software (in development world. For each intersection of design phase and
terms of operation and maintenance requiremen®),tfe  human engineering activity, a letter indicates whether the
degree to which the human is involved in the operation o@ctivity is normally requiredR), possibly completedR), or
maintenance of the hardware/software, aB)tife pointin the normally not completedN) for that design phase. A (—)
design process when human engineering becomes involvetnplies that the activity discussed in the practice is given for
Use of any, or all, of the requirements in this practice shouldnformational purposes only and not as a contract requirement.
not normally depend on hardware size (that is, big ship versu§able X1.1, therefore, provides some guidance as to where
little ship), system complexity, hardware duty cycles, numbes@long the design and development process each of the human
of human operators/maintainers involved, or, within practicalengineering activities should be applied.
limits, the contract type, cost, duration, or size of production X1.2.2.6 Evolutionary Design and Development
lots. These factors may influence the kind, or number, of The use of Table X1.1 is directed at the design and
human engineering activities selected for the contract, but nadevelopment of new equipments, systems, or platforms. How-
the decision to include or exclude a human engineeringver, much of the design effort in the marine world is devoted
program in the contract. to improving one particular piece of equipment, or upgrading

X1.2.2.2 Specification Requirement one, or a few, compartments on a platform (for example,

For most contracts, but particularly fixed price contracts, theoverhaul of a ship engine room or conversion of a propulsion
specification, circular of requirements (COR), or statement oplant). It is also common to take an existing system (for
work (SOW) shall clearly define which of the human engineer-example, lube oil, water purification, sanitary treatment) or
ing activities from this practice shall be performed by theplatform (that is, ship) and design and build a new one while
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TABLE X1.1 Human Engineering Application Matrix

Note 1—R = Normally required
P = Possibly completed
N = Normally not completed
— = Information purposes only

Section in ) ) Concept/ Validation/ Development/ Produ_ctlon/
F 1337 Title of Section Feasibility Preliminary Contract De3|gn{
Construction
1 Scope R
2 Referenced Documents R R R
3 Terminology — — —
4 Summary of Practice — — — —
4.1 Human Engineering Program Plan R R R R
4.2 Quality Assurance R R R R
4.3 Nonduplication R R R R
4.4 Cognizance and Coordination R R R R
5.1 Intended Use of Practice — — — —
5.2 Scope and Nature of Work — — — —
5.2.2 Design and Development R R R R
5.2.3 Test and Evaluation N N N R
6 Human Engineering Activities — — — —
6.1.1 Operational Requirements R N N N
6.1.2 Mission Requirements Analysis R P N N
6.1.3 System Requirements Analysis R P N N
6.1.4 Function Definition R P N N
6.1.5 Function Allocation R P N N
6.1.6 Equipment Selection R P P N
6.1.7.1 Human Engineering System Analysis Report P P N N
(TYPE 1)
6.1.7.2 Human Engineering System Analysis Report N N P P
(TYPE 2)
6.1.8.2 Gross Task Analysis N P P P
6.1.8.3 Critical Task Analysis N N N P
6.1.9 Human Engineering Design N P R R
6.1.10 Application of Lessons Learned P P P P
6.1.11 Engineering Design Drawings N R R R
6.1.12 Human Engineering in Vendor Hardware/Software N N P R
6.1.13 Studies, Experiments, and Laboratory Tests N P P N
6.1.14 Dynamic Simulation Studies N P P P
6.1.15 Mockups and Models N P P R
6.1.16 Human Engineering in Performance and Design P P R P
Specifications
6.1.17 Equipment Procedure Plates and Manuals N N N R
6.1.18.1 Human Engineering Design Approach N N N P
Document-O
6.1.18.2 Human Engineering Design Approach N N N P
Document-M
6.1.19 Human Engineering Progress Reports P R R R
7.1 Human Engineering in Test and Evaluation N N N R
7.3 Human Engineering Test Plan N N N P
8 Documentation — — — —
8.1 Data Requirements P R R R
8.1.1 Traceability R R R R
8.1.2 Access to Data R R R R

using much of the old one as a baseline design. Under thesequirements contained in this practice to a specific design and
circumstances it is normal procedure to apply the humamievelopment contract, they are not foolproof. That is why it is

engineering activities listed in the practice to only thoseso important to have the tailoring done by a human engineering
equipments, systems, or platform alterations which are beingpecialist with experience in the marine design and construc-
changed from the baseline. As for the specific activities to bgjon business. No tailoring guide can be as effective in defining

included, those listed for detail design and construction are thg good human engineering program as the academic and
most likely to be appropriate. experiential background possessed by a human engineering

X1.2.2.7 Summary _ o _ specialist in the marine world.
Although the general and particular guidelines provided

above can be helpful in tailoring the human engineering
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X2. DATA REQUIREMENTS

X2.1 Government Data Requirement§or government X2.2 Commercial Data Requirementd~or commercial
procurements, in which the use of a Contract Data Requireprocurements, the data requirements should be included in the
ments List (DD 1423) is a requirement, the Data Item Descrip€ontract in the manner commonly used for other data
tions (DID) should be used when applicable. requirements.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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