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FOREWORD

This document, Human Factors Design Guidelines for Maintainability of Department of En-
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auspices of the Office of Nuclear Safety, U.S. Department of Energy. This project was performed
as a subcontract to the Nuclear Systems Safety Program, Human Factors Engineering, Lawrence
Livermore National Laboratory.

Thanks is also expressed to Dr. Richard F. Pain, Project Director for Biotechnology, and the
following members of the Biotechnology support staff: Kristy L. Donnelly, editing and produc-
tion coordination, Betty J. Price, word processing, and Tammy S. Black, graphics.

Revisions of materials after receipt of comments from the Department of Energy Field Of-
fices were made by Lawrence Livermore National Laboratory and Essex Corporation.
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PURPOSE AND SCOPE

The intent of these guidelines is to provide design and design review teams of DOE nuclear
facilities with human factors principles to enhance the design and aid in the inspection of DOE nuclear
facilities, systems, and equipment.

These guidelines are concerned with design features of DOE nuclear facilities which can poten-
tially affect preventive and corrective maintenance of systems within DOE nuclear facilities. Mainte-
nance includes inspecting, checking, troubleshooting, adjusting, replacing, repairing, and servicing
activities. Other factors which influence maintainability such as repair and maintenance support facili-
ties, maintenance information, and various aspects of the environment are also addressed.
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OVERVIEW OF SYSTEMS DESIGN FOR MAINTAINABILITY

Reliability vs. Maintainability

Reliability, that is, whether something is available and able to perform its required function,
is a property inherent to the system or piece of equipment. Reliability may be further defined as
“the probability that the system or component is available for use when needed.”* One measure of
reliability is a numerical probability indicating the likelihood of failure-free operation for a specific
period of time. Another measure of reliability is mean time between failures (MTBF), which refers
to the total system operating time divided by the number of system failures during that time. The
reliability of a piece of equipment or a system is predominantly dependent upon the merits (or

demerits) of its design.

Maintainability is that characteristic of designand installation which affects the amount of time
necessary to repair, test, calibrate, or adjust an item to a specified condition, when using defined
procedures and resources. The two classesof maintainability, preventive and corrective, are highly
dependent upon the characteristics of the user. Both classes, regardless of how wel I a piece of
equipment is designed, are “intimately bound to the existing knowledge, practices, skills, facilities,
environment, and supplies of the user-maintainer.”** Each of these factors must be considered
when designing for maintainability. Each will be bound by the limitations of the user. One must
additionally consider equipment reliability. If a piece of equipment never fails, corrective main-

tenance will not be necessary.

Backgroundof SystemsDesignfor Maintainability

Systems design for maintainability has, as a prime obiective, the design of equipment and
systems capable of being maintained in the least amount of time, at the lowest cost, and with a
minimum expenditure of suppoti resources. Attempts to achieve this obiective have evolved into
the engineering discipline of maintainability,

Maintainability engineering was a direct result of reliability programs being performed primarily
by the military in the late 1940s and early 1950s. This research indicated that the goal of designing
equipment with 100% reliability (i.e., equipment that would never fail) was impossible, The concept
of maintainability wolved from the increase in complexity, size, and quantity of items that com-
prise a system, and the associated technical problems, increased support costs, and technological
advances. Therefore, the problem of maintenance became a fact of life that had to be effectively
managed. The discipline of maintainability engineering was established to provide designerswith a
source of specialized knowledge and skil I about the support and maintenance of equipment and
systems.

Applicationof SystemsDesignfor Maintainability (in an emerging design)

To realize the goal of maintainability, that is, to restore a system or dwice that has failed to
operational effectiveness easily and cost effectively, requires that maintainability and the associated
human factors contributions be considered as part of the tots/ systems design process. Maintain-
ability must be designed into the system and equipment during the beginning stageof development
to ensure that costly maintenance and/or redesign are avoided. Systems design for maintainability is
an evolutionary processthat starts in the equipment concept stage and ends after the equipment has
been built and tested.

●Evans, R.A., “Reliability Optimization, ‘‘ in E.J. Henley and J .W. Lynn (Eds.). Generic Techniques in Systems Reliability Assess-

-
ment. Leyden, the Netherlands: Noordhoff International Publishing, 1976, 117-131.

*“Morgan, C.T., Chapanis, A., Cook, J.S., Ill, & Lund, M.W. (Eds.). Human engineering guide to equipment design. New York
McGraw-Hill, 1983,368.
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Though the processof designing for maintainability will vary to some extent, depending on the
level of effort required by the type of system and/or equipment being designed, there are elements
which are standard to any systems design f~r maintainability. As a minimum, designing for main- ,f’=?
trainability should include the following steps planning, designing, and testing and revising the
design.

During the p/arming step, requirements end objectives for maintainability are established by
defining such parameters as the goal or mission of the system, the availability and dependability
required by the system, personnel and support equipment, facilities and resourcesavaiIable, levels
of maintenance that w ill be required (i.e., field, shop, factory), etc. By the time functional diagrams,
specifications, and drawings are being produced, designing for maintainability should be well
underway. This second step in a systemsdesign processfor maintainability is when the design team
determines maintainability design criteria for the system and/or equipment being designed. These
criteria will focus on accomplishing objectives such as:

● Reducing the need for and frequency of designdictated maintenance.

● Reducing system/equipment down-time.

● Reducing design-dictated maintenan~, support costs.

● Limiting maintenance pemonnel requirements.

● Reducing the potential for maintenance error.
. Using standard procedures, equipment, and tools, when possible.
The Human Factors Design Guidelines for Maintainability of DOE Nuclear Facilities has been

assembled to provide the design team with generic design principles to help satisfy the above-
mentioned objectives. It is important to remember that the principles contained in the guidelines
which follow are malleable, especially for an emerging system. It is quite likely that during the
application of these guidelines to an emerging design, modification, addition, or elimination of some
principles might occur in favor of alternative criteria for effective maintainability. The “goodness
of fit” of the guideline principles can be adequately judged only if the next step of the design
program, testing and rwising the design, is accomplished.

The testing and revising step is where a developmental model of the equipment (e.g., scale
model, bench mock-up, or simulator) is tested under conditions that dupl icate, as nearly as possible,
the actual conditions under which the equipment will be maintained.

For any system design for maintainability to be successful, regardless of the degree of com-
plexity of the equipment and/or system being designed, there are certain considerations that should
be observed in applying the concept of maintainability and in using the guidelines which follow
successfully:

1. The concept of maintainability cannot be accomplished by an individual, one specific skill
type or Iwel, or by a single organizational entity. Implementing a successfulsystemsdesign
for maintainability (or retrofit] requires a cooperative effort by a number of professional
disciplines.

‘-’f

2. Maintainability in equipment design can be specified, predicted, measured, and demon-
strated.
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3. Planning for maintainability must occur concurrent with equipment design. Lack of con-
sideration for maintainability during the initial stages of design will result in either costly
product support throughout the equipment life cycle or the need for costly product design
changes.

4. Existing capabilities of facilities, test equipment, personnel, spare parts, etc. should be con-
sidered in determining design criteria for maintainability. Theoretical maintainability
principles may be waived in favor of existing capabilities.

5. During equipment design, the concept of maintainability is applied in conjunction with
reliability, human engineering, and other system effectiveness characteristics. A sacrifice
of any of these characteristics might be necessary to obtain the best overalI design con-
figuration.

6. Equipment or systems that represent the ideal maintainability design characteristics may be
prohibitive because of cost. A successful application of maintainability considers costs
incurred during design, development, and production, as wel I as costs associated with
equipment support,

7. Maintainability should complement operational requirements of a system.

8. Safety provisions which protect personnel and equipment should receive special consider-
ation in the design for maintainability. If necessary, otherwise desirable designfeatures are
rejected to retain safety provisions.

9. Maintenance is a consequence of design. Properly applied maintainability forestal Is the
requirement of maintenance and alters the course of design to eliminate or reduce the
effect.*

“Blanchard, B.S., & Lower’y, E.E. Mei?m?inabitity: Princ@?s swdpractices. New York: McGraw-Hill, 1969, 11-12.
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INTRODUCTION

IJmhations

TO THE GUIDELINES

Research in human factors for maintenance has been conducted for over 30 years. The recom-
mendations in this guidelines document are “rules of thumb” or generally accepted practices. How-
ever, some principles that are directly related to the nuclear field are not yet adequately supported by
empirical research. Therefore, these guidelines do not provide answers to all problems in the design
for maintainability of DOE facilities. It is the author’s hope that these guidelines will provide general
direction to the design team and facility personnel in the design and/or review of DOE nuclear facilities
for effective maintainability practices. The users of these guidelines are encouraged to add their own
examples of effective techniques for enhancing the maintainability of systems and equipment. This
document is assembled in loose leaf format to facilitate addition of information the user finds helpful.

These guidelines contain human factors principles. Therefore, they emphasize the human element
in the design for maintainability of DOE facilities. Prime consideration is given to describing systems
and equipment characteristics that will facilitate the technician’s performance of required maintenance
tasks. These guidelines do not emphasize maintainability from an engineering science perspective.
The mathematical techniques used to quantify various parameters such as down time, repair time,
costs associated with maintenance, etc. or engineering concepts (e.g., mean time between failures)
that are relevant to equipment reliability or maintainability are not the focus of these guidelines. While
the principles presented in these guidelines are generally applicable to all systems—military, commer-
cial nuclear, or non-nuclear—they are not intended to be applied blindly.A thorough understanding of
underlying system design criteria and overall objectives is necessary for these principles to be applied
effectively. In some cases, trade-offs in a given design or funtilon of a system may require certain
design features and/or guidelines to be modified or perhaps replaced by some unique practice.

Though these guidelines do provide general considerations for planning and scheduling for main-
tainability,no attempt is made to detail procedures for developing a maintainability program. Designing
a maintainability program that will satisfy user needs is not within the scope of this present effort.
However, source references relevant to maintainability program design are listed in the references.

Organizationand Content

The guidelines are organized into three sections, which correspond to major influences on system
design for maintainability:engineered hardware, facility support, and personnel. Each section is further
divided into guidelines that contain relevant definitions and, in most cases, general and specific human
factors design principles for maintainability.These guidelines may be used for designing new facilities;
and for evaluating and modifying existing ones. Each section is tabbed for ease of reference. The user
may selectively apply a set of principles to a system, subsystem, equipment, or component to ensure
conformance to recommended human factors practices for maintainability.To further aid the user, at
the beginning of each guideline there is a topical index to the principles contained in the guidelines
which directs the user to the specific page on which the principle is identified.
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Application

These guidelines may be used as a source reference for designers of new facilities and by review- ?

ers of existing facilities concerned with retrofit operations. They are intended for use, as appropriate,
with other related sources such as applicable industry standards (e.g., ANSI standards), NUREGS (e.g.,
NUREG-0700, Guidelines for Control Room Design Reviews), Military Standards (e.g., MIL-STD
1472C), facility-specific procedures, and manufacturer’s specifications.

During the design of a new system and/or equipment, the guidelines may be used by the design
team to establish maintenance requirements and develop hypotheses on how maintenance will be
provided. The guidelines will aid the design team in establishing parameters such as types and levels
of maintenance that will be required, and kinds, numbers, and levels of training and organization of
personnel that will be needed to support the engineering design. Application of these guidelines during
the initial stage of design (i.e., the “hypothetical design phase”*) will also facilitate allocating functions
to humans or automation. Hypothesizing the engineering and human factors requirements for mainte-
nance of a system or equipment is essential for answering the crucial question of which system and
task responsibilities are best assigned to humans, which to machine, and which to some combination
of the two components.

As part of a retrofit operations, these guidelines may be used by the design review team to
determine the existence of human engineering discrepancies (HEDs) in the design of systems and/or
equipment for maintainability.An HED, as applied to systems design for maintainability,may be consid-
ered as a deviation from some benchmark, such as a standard of human engineering practice or
convention, a technician preference or need, or an instrument/equipment characteristic implicitly or
explicitly required for a maintenance task.** The review team may use these guidelines as a source for
developing detailed checklists for surveying systems and equipment to identify deficiencies which may
affect maintenance tasks.

Source Credits

These guidelines represent a compilation of information from a wide variety of sources which has
been selected for application to the design for maintainability and/or retrofit operations of Department
of Energy nuclear facilities. While the presentation format and selection of materials is original, the
material itself is not new. The sources of information used for these guidelines are listed in the refer-
ences and the source reference document.

● Pulliam, R., Price, H. E., Bongarra, J. P., Jr., Sawyer, C. R., & Kisner, R.A. A methodology for allocating nuclear
power plant control functions to human or automatic control (N URGE/CR-3331). U.S. Nuclear Regulatory
Commission, Washington, D.C., 1983, 70.

** This definition has been adapted from Guidelines for Control Room Design Reviews (NUREG-0700), U.S. q

Nuclear Regulatory Commission, Washington, D.C., 1981, 1-4.
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HUMAN FACTORS DESIGN GUIDELINES FOR MAINTAINABILITY
OF DOE NUCLEAR FACILITIES

This section contains human factors guidance for designing systems and equipment to be
maintained with ease and cost effectiveness. The organization of this section follows. As an aid
to the user, each guideline is also preceded by a topical index.

1.0 ENGINEERED HARDWARE

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10
1,11
1.12

1.13

Unitization and Modularization for Maintainability

Unit Layout, Packaging, and Mounting for Maintainability

Hardware Identification for Maintainability

Equipment Accessibility

Controls and Displays for Maintainability

Line and Cable Design for Maintainability

Test and Service Point Design for Maintainability
.*..

Test Equipment Design for Maintainability

Connector Design for Maintainability

Cover, Case, and Shield Design for Maintainability

Fastener Design and Application for Maintainability

Drawer and Rack Design for Maintainability

Handle Design for Maintainability

2.0 FACILITY SUPPORT

2.1 Workspace, Storage, and Repair Facility Design for Maintainability

2.2 Maintenance Support Equipment

2.3 Hand Tool Design for Maintainability

2.4 Stair, Ladder, and Ramp Design for Maintainability

2.5 Platform and Shelter Design for Maintainability

2.6 Design of Computer Systems for Maintainability

3.0 PERSONNEL

3.1 Engineering Anthropometry in the Design for Maintainability

3.2 Environmental Conditions and Constraints Affecting Maintainability

3.3 Maintenance Information

3.4 Design Plan and Schedule for Maintainability
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1.0 ENGINEERED HARDWARE

1.1 Unitization and Modularization for Maintainability





ENGINEERED HARDWARE 1.0

U#WITZATION AND MODULARIZATION F(3R MAKdTAlNA8tLlTY 1.1
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ENGINEERED HARDWARE 1.0
?

UNITIZATION AND MODULARIZATION FOR MAINTAINABILITY 1.1

1.1.2 DEFINITIONS

Unitization refers to separating equipment into physically and functionally distinct units to
allow for easy removal and replacement. This type of equipment separation will permit division
of maintenance responsibility, especially troubleshooting, among various maintenance levels.
Specifically, unit design of equipment will:

a. Maximize the efficiency and accuracy of on-line replacement of system components.

b. Facilitate and minimize troubleshooting time at each level of maintenance activity.

c. Minimize duplication of maintenance efforts between levelsof maintenance activity.

d. Permit production line repair at the higher maintenance level.

e. Permit use of automatic or semi-automatic techniques where practicable.

f. Allow test, checkout, troubleshooting, and repair procedures to be unit specific and
structured to aid in identification of faulty units, then subunits, etc.

g. Reduce downtime.

Unitization will also:

a. Provide easy accessto malfunctioning components.

b. Allow for high degree of standardization,

c. Minimize time and cost of maintenance training. 9

d. Simplify new equipment design and shorten design time by using previously developed,
standard “building blocks.”

Modularization refers to the range of complete interconnected functional units or unitized
equipment built on a single structure, down to the smallest printed circuit insert.

Disposable module refers to any module designed to be thrown away rather than repaired after
its first failure, assumingthat the original diagnosisof failure isvalidated before disposal.

1.1-2



1.1 UNITIZATION AND MODULAR IZATION FOR MAINTAINABILITY

1.1.3 PRINCIPLES

1.1.3.1 UNITIZATKMWMODULARIZATION

a.

b.

c.

d.

e.

f.

9.

Equipment should be divided into as many modules
as are electrically and mechanically faasible in keeping
with efficient use of space and overall equipment
reliability.

An integrated approach to design should be used,
considering simuItaneously the problems of materials,
component design, and @plication of the modular
concept.

All modules and component parts should be approxi-
mately uniform in basic size and shapa for the best
packaging.

A module should contain components that contribute
to a single, common function rather ttm providing
multiple, divargent functions.

Modules and units should be designed to permit
operational testing when removed and require little or
no calibration after replacement.

Testing should accept or reject each module or unit on a
go-no-go basis,

The physical separation of equipment into replaceable
units should be matched with the functional design of
the ecsuipment to maximize tha functional independence
of uniks and minimize interaction between units.

uSE THIS NOT THIS

MOOULE 1 MOOULE 2 MOOULE 1 MODULE 2
.-----—-—. -------- -—. .—----- .

@-lldml------------- J L----J ~.-d ~----l

SOW Ref. Lf

Exhibit 1.1.1 A Hypothetical Equipment Design Incorporating

h.

i.

j.

k.

1.

m.

Modulerization md Functional Unitization

Where an assembly can be made of NO or more sub-
asaemblias, the major assembly should be designed so
that it consists of subassemblies which can be removed
indapandently, without removal of the othar sub-
assemblies. This is particularly valuable when the various
subassemblieshave widely varying life expectancies.

All equipment should be designed so that rapid and
aasy removal and replacement of malfunctioning com-
ponents can be accomplished by one technician, unless
this is structurally or functionally not feasible.

Where possible, modules and units should be small
and light enough for one person to handle or carry. The
weight of removable units should not exceed 45 Ibs.
Units weighing more than 10 Ibs. should have handles.

Where possible, each module should be capable of
being checked independently. If adjustment is required,
design for adjustment separate from other modules.

Control levels and linkages should be designed so
they can be easily disconnected from components to
permit easy removal and replacement.

Modularization for forward levels of maintenance
should be emphasized to enhance operational capability.
Modularization versus parts replacement for shop

maintenance can be datermirsed to a considerable extent
by COSt factors.

n. Unitizing the module with the unreliable components
removable from the extarior of the package should be
considered if all components of a module except for one
or two are reliable.

I

m----MOOULE REPLACEABLE
COMPONENT

Se+lrcO Ref. a

Exhibit 1.1.2 Unitization of s Module for ESSy
Replacement of Low Reliability Components

1.1.3.2 DISPOSABLE MODULES

a. All decisions and requirements for disposable modules
should be concurred on by the pu~hasing activity
and shouId be based on exhaustive and clearly decisive
analyses which prove that

(1) Maintenance is either impractical or costs more
than replacement.

(2) The advantages of disposable modules outweigh
the disadvantages.

Advantages

1.

2.

3.

4.

5.

6.

Savingsm repairtime, tools,
facilities, andmanpower

Smaller, lighter, denser, simpler,
more durable, and more reliable
design

Fewer types of spares and a one-
way supply system, at least for
the item

More concise and less difficult
troubleshoot ng procedures

Use of sealing and potting tech-
niques which further improve
reliability

lrIIDrOved standardization and
interchangeability of modules
and assemblies

Source! Ref. 8

Disadvantages

1

2

3

4

5

Increased supply burdens
because modules must always
be on hand

Reduction in failure and
maintenance data to aid design
improvement

Excessive usage rules, through
excessive andlor erroneous
replacement

Redesign problems and costs
because such modules cannot
be modified

Dearaded Performance and/or
reliability & a result of
production efforts to keep
modules economical enough
to justify disposal

Exhibit 1.1.3 Advantages and Disadvmtsgss of Disposable Modules

(3) Significant and favorable differences axist between
the values ok

● End costs of the disposable veraus the main-
tainable module.

● Maritime, materia k, took, etc. necaasary to
maintain each.

● Supply, storage, handling, and procuring coats
and problems.

● Other coats and problems as determinable and
applicable.

1.1-3



1.0 ENGINEERED HARDWARE

b. Disposable modules should be designed, manufac-
tured, and installed to meet the following criteria:

(1) Expensive parts are not thrown away for failure of
inexpensive parts.

(2) Long-life parts are not discarded for failure of
short-life parts.

(3) Low-cost and nonwiticel items are, in general,
made disposable.

(4) Throw-away modules are encapsulated wherever
practical.

(5) All encapsulated modules are designad for disposal-
at-failure.

(6) Moduks costing $50 or leas are disposable
wherever practical.

(7) Modules costing more then $50 are encepauleted as
necessary to meet performance end reliability
requirements.

(8) The maintenance level of throw-away modules is
clearly identified.

(91 Test procedures to be @plied before disposal are
clearly specified and provide clear and unequivocal
results.

(10) The identification plate or marking contains the
statement “Dispose of at Failure.”

f-)
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UNIT LAYOUT, PACKAGING, AND MOUNTING 1.2

1.2.2 DEFINITIONS

Layout refers to the ganeral arrangement and placement of units and components within a
system,

Packaging refers to the particular method used to systematically configure units or components.

Mounting refers to a means of attaching and positioning components emphasizing accessibility
for maintenance technicians.

Effective layout, packaging, and mounting should:

a. Satisfy unitization and modularization objectives,

b. Minimize place-to-place movement of the technician during servicing, check-out, and
troubleshooting.

c. Be organized according to maintenance specialties so that maintenance performed by one
specialist does not require removal or handling of equipment maintained by another
specialist, especially where the equipment is so critical that it requires highIy specialized
skills.

“-)
1.2-2
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P

1.2.3 GENERAL PRINCIPLES

1.2.3.1 LAYOUT OF UNITS AND COMPONENTS

a.

b.

c.

d,

e.

f.

9.

h.

i.

i.

k.

1.

Equipment components should be located to minimize
the possibility of equipment damage and personnel
injury.

Daticate components should be krcatad where they
will not be damaged while equipment is being worked
on.

Components should be positionad so that oil, other
fluids, and dirt are not likely to contaminate them.

High temperature parts should be guardad or located
such that personnel contact wil I not occur during
operation or maintenance. Heat-producing equipr,wnt
should be shielded so that technicians are not made
uncomfortable.

High-current switching devices should be enclosed
to protect personnel.

Internal controls should be located away from
dangerous voltages.

Check points, adjustment points, cable end connections,
labels, ad tools required should be placed in full view
and reach of the technician.

Small, hinge-mounted unite, which must have access
from the back, should be free to open their full distance
and remain open without being held.

NOT
?H;S Ks THIS

I!!l!!l$l!??

UK or
UNIT . . . . .

W;My
. INGC

“,X6C UK w
UNIT Iw$5f

Soufsw Rer. 8

Exhibit 1.2.1 Design of Hin~d Units

Components and systems which require frequent in-

spections should bees easily accessibleas possible.

Units should be located so other equipment doas not
have to be removed to gain access.

Units should not be stacked. If necessary, place the lass
frequently accessedunit in the rear or bottom.

Frames or structural members shouId not interfere
with maintenance activities.

USE TkwS

NOT THIS

w

SOursw Ref. e

m. Components that require frequent visual inspection
should be installed in positions where they can be
easily seen without removing panels, covers, or other
units.

n. Components to be serviced or rapaired in position
should be et the most favorable working level, i.e.,
between hip and shoulder height.

11.3.2 PACKAGING

a,

b.

c.

Labels and codes should be provided on and within the
packaging arrangement, as required to:

(1)

(2)

(3)

(4)

(5)

(6)

Outline end identify fimctionel groups of aquip-
ment.

Identify each item or part by name or common
symbol.

Identify each test or service point, and the
sequence in which used.

Identify the value and tolerances of parts such as
resistors; this identification shouId be direct rather
than in color code where possible.

Indicete the direction of current or flow to aid
systematic elimination of possibilities without
continuous cross-reference to schematics.

Provide “maintenance highways” to guide the tech-
nician through routine process. The following code
has provan useful:

● Black for line maintenance

● G rean for shop maintenance

● Rad for off site maintenance

● Other codas as rracaaaaW.

Souma Ref. 1S

Exhibit 1.2.3 Labeling snd Coding s Packaging Arrarr~ment

Provisions should be made for the following instructions
to appear on packaging arrangements when appropriate:

(1)

(2)

(3)

(4)

The weight of units over 45 Ibs. should be promi-
nently labeled.

Warning end caution labels should be provided as
naceseery.

Instruction plates should be provided to outline
procedures not made obvious by design and to
supply whetever information is nacaeeary for
troubleshooting and maintenance.

The presentation end/or recording of historical
data where practicable, particularly to:

● Display periodic raadings at test points to allow
development of trends where these are
fundamental to maintenanrx decisions.

● A Ilow recording of rapIacement dates or other
date necessary to replenishing or preventive
maintenance.

Labels and codas used in packaging arrangements
should be compatible with principlm- established under
“ldaritification,” and should beExhibit 1.2.2 Proper Plsesrnent of Cirmponarrts

1.2-3
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(1)

(2)

(3)

[4)

1.2.3.3

Consistently and unambiguously used throughout
the system.

Of such a neture as to be easily read and inter-
preted.

Durable enough to withstand expected wear and
environmental conditions.

Coordinated and compatible with:

● Codes and labels on related test and service
equipment

● Other coding and Iabeling within the system

● Related job aids, instructions, handbooks, and
manuals.

MOUNTING

a.

b.

Mounting of components is influenced by:

(1)

(2)

(3)

(4)

(5)

How often components will be removed for
maintenance or replacement.

The accessibility of other components which may
be affected.

The size and weight of components to be mounted.

How much space will be required for access,
removal, and replacement of the component or for
using test equipment, tools, etc.

The required preventive maintenance for an
installed component.

Mounting fixtures, e.g., rollers, brackets, slide rails,
should be designed so that:

(1)

(2)

(3)

Only interconnecting wire and structural members
ara permanently attached to units. All other
fixtures should be removable.

Built-in fixtures to the chassis are either strong
enough to withstand use over the life of the system
or are removable.

Mounting is compatible with the size and weight of
the pan to prevent breakage or damage from
fatigue, under vibration, handling stress,etc.

c.

d.

e.

f.

Design for mounting of components, modules, and parts
shouId be such es to prevent their being inadvertently
reversed, mis-mated, or misaligned during installation or
replacement. n

Design should make errors physically impossible, by:

(1)

(2)

(3)

(4)

Coding, labeling, or keying symmetrical com-
ponents to indicate the proper orientation for
mounting or installation.

Providing mounting brackets which are asym-
metrical, to prevent incorrect mounting, as below.

Providing side alignment brackets which permit
mounting in only one position, as below.

Providing asymmetrical mounting holes, studs, or
alignment pins, as below.

Source Ref. 1E

Exhibit 1.2.4 ErromFres Mounti~ bsiens

Components of the same form, function, and value
should be completely interchangeable throughout the
system or related systems.

Components of the same or similar form, but of dif- ~
ferent functional propetiies, should be:

(1) Mounted with standard orientation throughout the
unit.

(2) Readily identifiable, distinguishable, and not
physically interchangeable.

1.2-4



1.2 UNIT LAYOUT, PACKAGING, AND MOUNTING FOR MAINTAINABILITY

1.2.4 SPECIFIC PRINCIPLES

~1.2.4.1 PACKAGING. The packaging of equipment,
assemblies, and/or components should follow one or a
combination of the following methods (in order of
preference):

a. LOGICAL FLOW PACKAGING. This method requires
that:

(1) Chcuits, parts, and components should be
packaged and located in an arrangement parallel to
their functional relationships,

(2) Methods and subassemblies be selected so that only
single input and output checks are necessary to
isolate a fau It within an item.

(3) The unidirectional signal flow within a given piece
of equipment isclearly indicated.

b. CIRCUIT PACKAGING. This method usesthe following
techniques:

(1) All parts of a given circuit, or of logically or
general Iy related groups of parts, are located in a
common volume.

(2) Each circuit should be placed in a separate module.
If a tube is associated with the circuit, place it on
top of the module.

(3) The circuit should consist of a single terminal
board or plug-in type module when possible.

(4) Plugin printed circuit boards should be structurally
rigid end easy to remove and replace.

c. COMPONENT PACKAGING. This method should
incorporate the following.

(1) All similar components should be found in one
place on the equipment.

(2) Relays should be located in a single or small
number of relay panels.

(3) Resistors, capacitors, tube sockets, etc. should be
segregated in a minimum number of locations on
subassembliesor terminal boards.

(4) Inexpensive components should be placed on
separate, plug-in type boards mounted beneath the
chassisto facilitate disposal at failure.

(5) Multiples of similar parts (e.g., tubes, transistors)
that are likely to require replacement about the
same time should be grouped together.

(6) Components should be segregated based on sig-
nificant variations in the maintenance tasks which
are required. For example, items which must be
cleaned by different methods (steam, gunk,
solvent, etc.) should be packaged so claaning is
possible with minimal masking.

1.2.4.2 MOUNTING. The mounting of equipment, as-
semblies, and/or components shouId use one or a
combination of the following techniques

a, FOLD-OUT CONSTRUCTION. This method of con-
structing subassemblies should be used whenever
feasible. The parts and wiring should be positioned to
prevent damage to tiem when opening and closing this
assembly.

1.2-5
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b.

c.

SOUNX Ref. LI I
Exhibit 1.2.5 Example of Fold-Out Construction

BRACES. Braces or similar items should be provided to
hold hinged assemblies in the “out” position while they
are being worked on. Rests or stands should be provided
to rmvent dama!se to delicate parts. If feasible, the rests
or stands shouId be a part of the basic chassis.

USE THIS NOT THIS

Source Ref.8 I

Exhibit 1.2.6 Bracing of Hinged Assemblies

I USE THIS NOT THIS I

SOusco Ref. e I
Exhibit 1.2.7 Use of Stands for Component Maintenance

STRAPS AND BRACKEIS. Straps and brackets should
be used:

(1)

(2)

(31

(4)

(5)

(6)

(7)

As necessary for tying down large components.

Particularly to support items mounted on the
underside of assemblies.

Instead of cantilever brackets for mounting parts.

As necessary to prevent the mounted item from
sliding or jumping out of position. “U” straps
should only be used to “tiedown” components,
not to secure or support them.

Which are thick or rounded enough so they have
no sharp edges.

Which are shorter than mounted units to provide a
clamping action,

Which are twist- or push.to-lock mounting types
for smalI components. Such brackets should be
designed so that locking studs are visib[e when the
component is in place, and locking screws or
dimples are provided as necessary to ensure
security of the mount.
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d.

e.

LOCKING
SCREW

G

Seurwx Ref. 8

Exhibit 1.2.8 Twist-t&Lock Twa Mounting Brackst

SMOCK MOWITS. Shock mounts should be used,
as necessary, to:

(1) Eliminata vibrational fluctuations in displays,
markings, etc.

(2) Protect fragile or vibration-sensitive components
and instruments.

(3) Control sources of high or dangerous noise and
vibration.

Other methods to be considered in the mounting of
components are as follows

(1) Hinged bars are useful for tying down and pw-
mitting access to a number of small components at
one time. Such bars should be padded or provided
with springs as necessary to prevent damage to the
items secured.

(2)

(3)

(4)

Where rigid mounting may result in damage to com-
ponents, a device which permits some flexibility
should be used. For example, a frequent cause of
thread-atrippingof ‘7” fittings is the rigid mounting
of the fittings.

Where blind mounting is required, the inaccessible
side should be secured with mounts which wil I
allow exceptionally easy mating and do not require
access (such as friction lugs, tongue and groove
fittings, etc.).

Spring clamps should be used to mount tubing,
pipes, or wiring which may require frequent
removal and replacement. For overheed mounting,
a spring clamp similar to that used for floor
mounting should be used, but a hiiged locking
latch should be provided over the open side of the
clamp to prevent accidents.

I

I SOUH Ref. e

Exhibit 1.2.9 Uss of Spring Clamp Mounts f-+!
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HARDWARE IDENTIFICATION FOR MAINTAINABILITY 1.3

1.3.2 DEFINITION

Hardware identification refers to the adequate marking or coding of parts, components,
controls, and test points to facilitate repair and replacement during maintenance operations.
Hardware identification is used to:

a. Identify the purpose or function of specific units, parts, controls, displays, test points, etc.

b. Present critical information for equipment maintenance procedures.

c. Present safety information, i.e., cautions and warnings which lead to prevention or avoid-
ance of hazards to maintenance personnel or damage to equipment.

Proper labeling or coding is present if the component is readily identified for repair, replace-
ment, or servicewith minimum effort by the technician.

f-?
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1.3.3 GENERAL PRINCIPLES

1.3.3.1 Hardware identification (labels, legends, placards,
signs, markings, codes, or combinations of these) should be
provided whenever personnel must identify, interpret,
follow procedures, or avoid hazards.

1.3.3.2 Identification characteristics should be consistent
with factors such ax

a. Accuracy of identif icetion required.

b. Time eveilable for recognition or other responses.

c. Location and distance at which identification must be
read.

d. Level and color of illumination.

e. Criticality of the function identified.

f. Consistency of the identifying information within and
between systems.

1.3.3.3 Label-making devices should be readily available
for creating new labels to replace missing, damaged, or
deficient identifiers.

1.3.3.4 Identifiers used in multi-unit facilities should be
sufficiently distinctive to prevent confusing one unit with
another.

1.3.3.5 Periodic facility-wide surveillance checks should be
made to ensure that all equipment and facilities are properly
identified, and that informal labels added by operators and
maintenance technicians are systematically replaced with
accurate, easily read, high-contrast, permanent labels and
tags.

1.3.3.6 Maintenance procedures should include a ateP to
check for the availability of identification tags and labels as
part of the system restoration process.

1.3.3.7 Quality control inspection procedures should
include measures to ensure that identification tags and
labels are replaced when necesaery subsequent to mainte-
nance tasks.

1.3.3.8 Equipment (except detailed assemblies and parts)
should be identified with a securely attached, permanent,

1.3 HARDWARE IDENTIFICATION FOR MAINTAINABILITY

non-fading, oil-, gasoline-, and corrosion-resistant name
plate. The name plate should be permanently and legibly
marked with the following information:

a,

b.

c.

d,

e.

f.

9.

Contract order or task no.

Item name (noun first).

Specification number.

Manufacturer’s pert no. (or Government Standard
Part No.).

Serial no. (when available).

Stock no. (when available).

Manufacturer’s name end address. Manufactures’ logos
should be eliminated or removed if they interfere with
identifying or interpreting equipment functions.

133.9 Equipment identification should include pertinent
information about its function, cap~ity, capabilities, limits,
ranges, frequency, and current requirements. Weight, rpm,
horsepower, and other basic information should be included.

1.3.3.10 Electrical assembly connections should be marked
according to MI L-STD-l 95, or comparable industry
standards,

1.3.3.11 Insulated wire should be color- or number-coded
per MI L-STD-6B 1, or comparable industry standards.

1.3.3.12 For color coding, no more than nine easily dis-
tinguishable colors should be used for color-normal and
color-deficient observers.

I Color Smc. No,” color SWC.No.
Red . . . . . . . . . . . ..lllO lGrsy . . . . . . . . . . . . ..l625

Orangs . . . . . . . . . ..l2lO Buff . . . . . . . . . . . . ..l745

‘fsllow . . . . . . . . . ..lsli) Whits. ,.. , . . . . . . ..l755

Blue . . . . . . . . . . . ..lOB7/6 Black . . . . . . . . . . . ..l77O

Purpls. ,.. , . . . . . ..27l5

“From Fed, Spec. 11.C-W5 @xcept for blua, wl!ich is from M..aell (1S42).

Souraw Ref. 25

Exhibit 1.3.1 Surface Colors for Color.Normal and
ColorDeficient Persons

,f$-
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1.3.4 SPECIFIC PRINCIPLES c. LOCATION OF DESIGNATIONS

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Designation markings on equipment
placed on or immediately adjacent to

should be
the part to1.3.4.1 INSTRUCTION PLATES

a.

b.

c.

Instruction plates should describe or illustrate, as
necessary:

which it pertains in a cons&tent manner.
T

Small electrical parts (e.g., raaistors, capacitors,
terminals) affixed to mounting boards should be
identified by marking on the boerds.

Multiple terminals should be identified by markings
on the component or adjacent chassis.

Parts which protrude from en electronic chassis
should be marked on the wiring side.

Terminals of transformers, relays, capacitors, and
all socket-mounted items, except standard vacuum
tubes, should be marked adjacent to e=h terminal.

Receptacles for plugs, modules and unite, and
similar parts that are accessible from the top side
should hswe both bottom and top side identi-
fication.

Markings should be placed so that they are visible
without removing parts.

Markings should be oriented so that they can be

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Basic operating instructions.

Calibration data and adjustment instruction.

Simple wiring or fluid flow diagrams.

Warning and safety precautions.

Test point locations.

Transistor and other pertinent electronic equip-
ment.

Valve settings.

Type of fuels, oils, or greasesapplicable.

Other similar data for routine preventive mainte-
nance.

Permanent instruction plates should be attached in an
easily visible and suitable location.

Where required, a permanent pocket or similer device
should be”attached’ for containing various maintenen=
aids such es signal flow diagrams, diagnostic procedures,
pictorial presentations, and maintenance records.

1.3.4.2 PARTS AND REFERENCE DESIGNATIONS

a. Ml L-STD-16 or comparable industry standards should be
used in the formation and application of alpha-numeric
parts and reference designations. The unit numbering
method should be used for all new equipment.

b. COLOR AND STYLE

reed with the unit in the normal, installed position.

d. MARKING PARTS

(1) Parts should be identified by designations which
refer to parts descriptions on a drawing or ache
metic.

(2) Wires, sockets, plugs, receptacles, and similar pans
should carry designations from wiring diagrams pre-
pared in accordance with the schematic diagrams.

Rapleceable mechanical parts should have standard
designations.

(3)

Designations should be clear ad easily distin-
guished in subdued light at a distance of 28 inches.

Black markings should be used on light backgrounds
such es light-gray painted surfaces, unfifiishad
brass, aluminum, and all bright, plated surfaces.
White markings should be used on dark, back-
grounds such as medium-gray surfaces.

Recommended letter and numeral heights for

(1)

(2)

(3)

(4) Semi-fixed electrical items (e.g., fuses, ferrule-
clipmounted resistors) should carry the electrical
rating in addition to the standard designation.

(5) Critical polarity and impedance ratings should be
shown on items having these ratings.

(6) If an a=mbly is complex, a concise wiring diagram
should be affixed to the unit.

Markings should be accurate and sufficient to
identify the referenced part.

viewing distance of 28 inches are given. For other
viewing distances, multiply given values by the

(7)

distance in inches divided by 28. (8)

(9)

(lo)

(11)

(12)

1.3.4.3

Markinga should be permanent enough to lest the
life of the equipment.

Stacked parts and modules should be marked so
that they can be individually recognized.

Individual Iy enclosed or shielded patts should be
identified on the outside of the enclosure.

ligh Brightness
down to 1.0

ft-lambert (in.)

0.12 to 0.20

Low Brightness
down to 0.03

ft-lsmbert (in.)Nature of Markings

Critical markings-position variable
(numerals on counters and aattable
or moving scales)

0,20 to 0.30
Fixed end removable parts of a plug-in assembly
should be marked identically.

Individual sections of dual parts should be clearly
identified.

0.15 to 0.30 o.lotoo.20Critical markings-position fixed
(numerals on fixed scales,control
and switch markings, emergency
instructions) LABELS

Noncritical markings (instrument 0.05 to 0.20 a.

b.

0.05 to 0.20 Labels ara lettered indications of the name. identifyingaidentification labels, routine

required for’initial familiarization

number, and function of equipment which are affix~
on or near the relevant equipment.

It is usually batter to over-label than under-label,
especially in cases where equipment is separated from
operation and instruction manuals.

Exhibit 1.3.2 Recommended Letter end Numeral Heights
(for 28-inch viewing distance)

1.3-4
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c. COLOR AND SIZE

lf-
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

Color combinations of printing and background
should be provided which will maximize Iegibilitt.
Best color combinations
order, are:

● Blue on white

● Black on yellow

● Green on white

● Black on white

● Green on red

● Red on yellow.

for labels, in dea&nding

If color coding of labels is necessary, colors should
be selected on the basisof recognizable differences.
The following colors are suitable for surface coding
bemuse they are easily recognizable by both normal
and color deficient persorts.

FED-STD.585
Color SPSc.No.

Black 1770

Whita 1755

Yeflow 1310

Blue 10B 7/6

Labels should be printad in cspitals. Periods
should not be used after abbrwiations.

The width of Iettens should be 3/5 of the height,
except for “M” and ‘W” which should ba 4/5 of
the height and “1” which ahouId be one stroke
wide.

The width of numerals should be 3/5 of the height,
except for “4” which should be one stroke width
wider and “l” which should be one stroke wida.

When conditions demand the use of wider charac-
ters (e.g., on curved surfaces), basic height-to-width
ratios may be increased to 1:1.

When black characters are used on a white (or
light) background, the stroke width should be 1/6
to 1/7 of the height.

Where areas are dimly illuminated or legibility at
night is critical, and white characters are specified
on a bleck background, the stroke width of the
characters should be from 1/7 to 1/8 of the height
(i.e., narrower than for daytime vision). The stroke
width should be the same for all letters and
numerals of equal height.

Minimum spacing between characters used in labels
should be one stroke width.

Minimum spacing betwean words should be the
width of one character.

Minimum spacing between lines should be one-half
the character height.

Recommended numeral and letter heights for a
viewing distance of 28 inches are the same as for
parta identification and reference designations,
Exhibit 1.3.2. Other viewing distance end character
height values are given below.

Viewing Distance Minimum Height

s. Leaathan 5~ mm (19.7 in.) 2.3 mm (0.09 in.)

b. 0.5- l.Om (19.7- 39.4 in. ) 4.7mm(0.1B in.)

c. 1.0- 2.0 m (39.4 -78.7 in.) 9.4 mm (0,37 in,)

d. 2.0- 4.0 m (78.7 -157.5 in.) 19 mm (0.75 in.)

e. 4.0- 9.0 m (157.4 -3.5.5 in.) 3B mm (1.50 in.)
~ Ref. 1t

Exhibit 1.3.3 Viewing Distance and Character Height Values

d. COMPOSITION

(1) Labels should be brief yet explanatory. Brief,
familiar words should be used. Abbreviations
should be used only when known to all personnel.
Key action words should be used instead of

USE THIS NOT THIS

,[’-.] (iii]
SOUI’CW Ref. a

Exhibit 1.3.4 Label Composition

(2) Labels containing a number of steps to be per-
formed sequentially should itemize the steps rather
than present them in paragraph form.

USE THIS NOT THIS

ASSEMBLING INJECTOR ASSEMBLING INJECTOR
TAPPING TOOL TAPPING TOOL

1. Replace defective part. First replace the defective part
from supply. Instali nut and

2. Install nut andwasher on washer on hsnd-tsp shank.
hand-tap ehank.

Next, place the Rollpin in the
3. Install Rollpin in nut. nut. Upon completion, check

the tapping tool for proper
4. Check tapping tool for performance.

proper operation.

Bou= Ref. 6

Exhibit 1.3.5 Label Containing Sequence of Steps

(3) Codes and labels on equipment should beconsistent
with instruction manuals and equipment parts
catalogs.

(4) Labels should read horizontally rather than verti-
cally.

YAOJ SW.

-n

A
THIS LAaEL
IS EASIER TO READ $!
THAN THIS ONE s

w.

Bourcw Ref.8

Exhibit 1.3.6 Uae of Horizontal Rather Than Venial Labeling

1.3-5



1.3 HARDWARE IDENTIFICATION FOR MAINTAINABILITY

{5) Arrow’s used in labels should be clearly recog.
nizable and easily identifiable when read from a
distance. It is easier to imwpret the direction of
arrows with sharp angles and cban lim?sfrom a
distanm than arrmw which use wide mgles and

E~hibit 1.3.7 Ike of Arm With Narrow $Wdth.to.h.gth R,tic+

(6) Wording of labelsshould be chosenbasedon the
operator% familiarity with them when possible.
Common technical terms, if familiar m the
maintenanm technician,may be u~,d 9$necessary.
Abstract symbols(e.g., squaresand Greek letters)
should be u$?donly if they are understoodby all
intendedreaders.

e. LOCATION OF LABELS

(1) Labels should be located so they will not LW
obsxti by grease,filings,dirt, or moisture.Where
a label may be particularly sugxptible m tehg
covered by material droppinm from above, it
should be mmmted vertically.

u3E THIS NOT THIS

3MJW Ref. 8

(21

(31

(4I

(5)

Exhibit 1,3.8 Label Positioning

Labels used on similar pieces of equipment should
b.?placed in relatively the same position.

Labels should not h hidden from view, crowd
each other, or obscure other ussful information.

Parts that look similar but are not pt,ysically
interchangeable and cmmt be physically keyed
shouId b? labeled. Labels shouId be located on
several sides of the part, if possible, with pre.
cautions about interchan~abilitv or uss-di,;tinctive
markings that correspmd with markings or, the
memblv in which the part will be placed,

Labels or other markin% dmuld be provided to,
indicate control positions. A rider may be attached
to the shaff of a valve to indicate position. Labels
mav also include calibration data where applicable.

I

ouw Ref. 8

Exhlbh1.3.8GomPonmI,MMIW ,0 Pmc,vd.OuwmlrqEm

o

0
m Ref. 10

Exhibit 1,3.10 bbel Indicating Co”trot Positions

Ill Labels should & Plfmd consistently in the same
place in relation to the instrumentation on a panel.
Labels normally should Lw placed above the
controls and displays thev describe. If a panel is
above eye level, labels mav Lm located below if
the visibili~ is enhanced,

ND? Tt4,S

source ml 8

Exhibit 1.3,11 Relating L.tels to Conwols md Displsys

1.3-6



1.3 HARDWARE IDENTIFICATION FOR MAINTAINABILITY

(7) Functionally grouped controls and displays should
be identified by labels located above the functional
groups which they identify. If a functional group is
demarcated by a line, the label should be centered
at the top of the group either in a break in the line,
or just below the line. When colored pads are used,
the label should be centered at the top within the
pad area.

1.3.4.4 WARNING LABELS AND PLACARDS

a.

b.

Warning labels should be installed whenever a mainte-
nance technician or mechanic must consult a technical
manual before work ing on the equipment.

Warning labels should be as informative as possible given
space constraints present (see examples below).

c.

USElHIS NOT THIS

kssii?4”
!SourIXRef. a

Exhibit 1.3.12 Examplasof WarningLabels

Though content of warning labels will vary, thay should
inform the technician ofi

(1)

(2)

(3)

(4)

(5)

Why a dengarous condition exists.

Places to avoid.

Behavior to avoid.

Sequence to follow to obviate the danger.

Where to refer for more information.

(6) Radiation protection precautions or procedures.

(7) What to do in case of injury.

d. High visibility warnings should be erected when per-
sonnel may be subjected to harmful noise or a sudden
increase or decrea~ in pressure or exposure to radiation.

e. Tolerance or safety load limits of an apparatua should
be permanent y displayed.

f. The following are exam plea of specific applications of
warning labels end placards:

(1) WARNING PLACAROS-Warning placards should
be mounted adjacent to any equipment which
presents a hazard to personnel (e.g., from high
voltage, heat, toxic vapors, explosion, ionizing
radiation).

(2) CENTER OF GRAVITY AND HEIGHT-Where
applicable, the center of gravity end the weight of
equipment should be marked.

[3) WEIGHT CAPACITY-The weight capacity should
be indicated on stands, hoists, lifts, jacks, and
similar weight-bearing equipment to prevent
overloading.

(4) IDENTIFICATION OF PROTECTIVE lTEMS–
Operation and maintenance areas requiring special
clothing, tools, or equipment (e.g., insulated shoes,
gloves, suits, respirators) should be specifically
and conspicuously identified.

(5) ‘mO-STEP” MARKINGS–These markings should
be provided, when necessary, to prevent injury to
personnel or damage to equipment.

(6) ELECTRICAL LABELS-All receptacles should be
marked with their voltage, phase, and frequency
characteristics es appropriate.

(7) HAND GRASP AREAS–Hand grasp areas should
be conspicuously and unambiguously identified on
equipment.

(8) plpE, HOSE, AND TUBE LINE IDENTI FICA-
TION–Pipe, hose, and tube lines for liquids, gas,
steam, etc. should be clearly end unambiguously
coded for contents, pressura, heat, cold, or other
specific hazardous properties. Ml L-STD-1247 or
comparable industry standards should be used
for further guidance.

(9) LONG RUN CABLES, PLUMBING LINES, AND
CONDUITS-Theee should be clearly identified or
coded, not only at the terminal ends but also at
periodic distances between ends to facilitate
accurate tracing of Iines.

1.3-7
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ENGINEERED HARDWARE

EQUIPMENT ACCESSIBILITY

1.4.2 DEFINITION

Equipment accessibility refers to the relative easewith which an assembly or component can be
approached for repair, replacement, or servicing. If the steps required are few and simple, then
the component is accessible;the component is inaccessible if the steps are many or difficult to
perform. Accessesinclude entrance doors; inspection windows; and lubrication, pneumatic, and
hydraulic servicing points. Accessesshould provide

a. Sufficient clearance to use the tools needed to complete the task.

b. Adequate spaceto permit convenient removal and replacement of components.

c. Adequate visual exposure to the task area.

.-

1.4-2
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1.4.3 GENERAL PRINCIPLES

1.4.3.1 Access must be provided to all points, items, units,
and components which require or may require testing,
servicing, adjusting, removal, replacement, or repair.

1A.3.2 The type, shape, location, and size of accesses
should be determined by thorough Iy understend,ing:

a.

b.

c.

d.

e.

f.

9.

h.

i.

i.
k.

1.

m.

Operational location, setting, and environment of the
unit.

Frequency with which the accessmust be entered.

Maintenance functions to be performed through the
access.

Time requirements for the performance of these
functions.

Types of tools and accessories required by these
functions,

Work clearances required for performance of these
functions.

Type of clothing likely to be worn by the technician.

Distance to which the technician must reach within
the access.

Visual requirements of the technician in performing the
task.

Packaging of iterns and elements, etc. behind the access.

Mounting of items, units, and elements behind the
access.

Hazards involved in or related to use of the access.

Size, shape, weight, and clearance requirements of
logical combinations of human appendages, tools,
units, etc. that must enter the access.

1.4.3.3 An access should be designed to make the repair or
servicing operation essimple as possible.

1.4.3.4 Where possible and feasible, accessibility should be
designed for on a grand scale by:

a. Using hinged or removable chassis.

b. Designing major units and assemblies (especially en9ine%
turbines, etc.) with removable housings to allow for
complete inspections.

c. Correlating the design of unit accessibility features with
the accessibility requirements of the overall system.

1A.3.5 Accesses should be designed, located, covered, and
fastened to avoid the need for removing components, wires,
etc. to reach the item requiring maintenance.

1.4.3.6 Accesses should be designed so that the removal of
any replaceable unit requires opening of only one access,
unless the accessesare of the latched or hinged door type.

1.4.3.7 Items that require visual inspection (e.g., hydraulic
reservoirs, gauges) should be located so they can be ob-
served without the removal of panels or other components.

1.4.3.8 All access covers that are not completely remova-
ble should be self-supporting in the oPen Position.

1.4.3.9 When access covers must serve es streaa-baering
structural members, large screws should be used rather than
small ones.

1.4-3

1.4 EQUIPMENT ACCESSIBILITY

1.4.3.10 On hinged access doors, the hinge should be
placed on the bottom or a prop should be provided so that
the door will stay open without being held if unfastened.

NOT THIS

m

,.

SoUrcwRef. 8

Exhibit 1.4.1 ~ Door WIngaS

1.4.3.11 If the manner in which a cover is opened is not
obvious from its structure, it should be labeled with appro-
priate instructions.

1.4.3.12 When a tube or plug has to be put through a small
hole, a conspicuous !abel can be used to ahow how the pins
on the tube or plug will lineup with the holes in the socket.

1.4.3.13 An accessshould be labeled with a number, letter,
or other symbol that identifies it in the maintenance
instructions.

1.4.3.14 Labels should be used to indicate items that can
be reached through an accessand the service equipment, if
any, to be used there.

1.4.3.15 Equipment should be left exposed (without
coverings or housings) for maintenance whenever permitted
by structural, environmental, operational, and safety
conditions. This pertains especially to teat and service
points, maintenance controls and displays, and reck-
mounted units.

1.4.3.16 The table following providea guidance for selecting
equipment acceaea.x

Dmiraxlity

Mmt
Onirabl*

Desirable

LCM
O*sir*l*

Losst
Duir,kk

Smlc.. FW I

FOI Phwical For Viwal For 19s1and
ACC9S Inspmriononly ServimEquipmmt

~~y, sfmlwsor @miq with no opening wish no
covsr cover

Hingd dow {if Plmtic window (if $ipring.loxlcd
dirt, maisturcw dht, moistureor Jiillwacv (if dirt,
orher foreign orhar for.ign moiswm or other
mate,ial* mus3 m8t*rials must for.i~n nut.rmls
be kcef out) b kept OUt) must b kem out)

R*mOvobtieprowl B,nk.rashfmt
wish ~tiw. a.ick. Sass(if Plmtic will
~nmg faserws not MbnduP under
(if rhm isnot physicalW*W or
enoughrocm for consul with
hi”wd door) solvenul

Rcmov.1PZMI Cow Ptamwith Cc.wr plste with
;;vbnl smallestnumbw mwllwt numb,

of 18rW5tIcMwr of Imr*r SC,*W3
1*,*%1‘C,*WSrrmt fh.t will mwt W. thmwill meet m.
wilt meet rcquim- quir9m9n5 (if auirenmms(if
mmts (if .&d nwdod for auas, nuded for stress,
f0rstm5, pre5wre, prmwre. or mfety prmsur., or safety
or nf.ty r9m0nsl re8c0nil rmom)

Exhibit 1.4.2 Equiprnant Access selectionCriteria



1.0 ENGINEERED HARDWARE

1.4.4 SPECIFIC PRINCIPLES d. The following are recommended dimensions for two-
hand accesso&nings without visual access.

1.4.4.1 SIZE OF ACCESSES

a.

b.

c.

Siza of eccaaaes should be determined by what the
maintenance technician will have to do and should
depend on factors such ax

(1)

(2)

(3)

(4)

Size and shape of the part, component, or
assembly to which accessis desired.

Whether or not the obj=t must be removed and re-
pl=ad through the openings.

Movements of the humeri body member or
members required once access is gained (turning,
pulling, pushing, etc.).

The size of the body member or members required
to enter through the access.

Generally, one large access is preferred to two or more
small ones. Where there are structural or other require-
ments, visual and physical access may be provided
separately.

E>=
....... USE THIS

. ---,-
----.:. -

+-’. ”

-. J

Souroa: Ref. 8

Exhibit 1,4.3 Proper Vtsual Access

The following are recommended minimum standards
standards for one-hand access openings without visual
access.

Height W,dth
—.

Empty hand, ?0 wrmt.
Sam hand. rolled: 3.75”” m. or dm
Sare hand; flat: 2.25” x” 4.0” or 4.0” d!a.
Glove or mmen: 4.0” x 6.0” or 6.0’ dm.
Protectivemitten: 5.0” X 6.5” Or Li.5° dta.

Clenched hand, 10 wrtsl.
Eace hand 3.5” x 5.0” or 6.0” dm.—.
Glove or m!tten: 4.5” x 6.0’” 0, 6.0” dia.
*otective mitten: 7,0” x 8.5” or 8.5” dia.

l-land plus 1“ dm, object. to wrwt:
aare hand 3.75” w. or dla
Glove or mme.: 6.0’ m.ordm
Protectitm mitten: 7.0” w.ordm

l-land PIUS object over 1“ !n dta. to wrist.
aare hand. 1.75”’ clearance ●round ob)ec
Glove o? mmen: 2.5- clea,ame mound obfiec

Protective mitten: 3.5” clearanco around otqec

Arm to elbow

Lqht cloth, ng: 4.0- x 4.5”” or 4.5” d{a
Protective ciothing: 7.0” sq. or dm
W ,Nhobject Clearances as above

Arm to shoulder:
Lmht clothing: 5.0” so. or dta.
Protective clothing: 8.5” w 0, d,a.
W!th ob)ect - Clearances as above.

Ez=’

C&9
~ Ref. 11

Exhibit 1.4.4 Standardsfor One-HandAccessesWithout Visual Access

Reaching wi!h both hands to depth of 6 to 19,25 inches:
L,ght Clothing. Width. 8“ or the d@h of reach”

Height. 5,’
Protective clothing: Wimh. 6“ plus3/4 the dwth of react

Height: 7“

Rcsching full arm’s length (to $ho”lders) wifh Ix.!h arms:
Width 19.5’”
Height: 5“

I nS.WtiI19tmx grasped by handles on the from
1/2” clearance around box, assuming &equate
clearmce around handles

I merting box with hands on the sides:
Light Clothing. Width: aOxPIUS4.5-

lHeight: 5“ or 0.5” around box-
Protective clothing: ,Width aOxPIUS 7,

I
“Height LS.5””or05° are. ”d bOX-

“Wh,chever is larger

llf hands curl around bottom, allow an extra 1 S’ for light
clothing, 3“ for protective clothing.

8sstIfcsc Ref. 11

Exhibit 1.4.5 Standardsfor Two-Hand AccessesWithout Visual ACCeSS

Note: Special consideration (larger access)must be given when
user may be wearing protective clothing while performing a task.

e. The following are dimensions for varioua types of
hand coverings during specified functions. These
dimensions are ganeralizable to any situation which
requires a definable had clearance, or to similar types
of protective hand coverings.

“-?

@iiiIl
~-.-.
●...

(H

&&!!ii !’n
Anticontact Wet.Cold Wet-Cold Protective

Glove Glove Mitten Mitten

Hand Attitude XYZ XYZ XYZ XYZ

Extended flat: 10.3 4.5 2.5 10.5 5.5 3.0 14.0 5.8 3.2 18.4 5.2 3.6— — — —
Closed as fist: 7.0 5.0 3,3 7.3 5.8 3.7 11.5 5.8 3.8 14.3 5.2 5.4— — —
Grasping handle:

.25” diameter: 7.0 5.0 3.5 7.3 5,5 3.5 11.0 5.7 4.2 14.0 ~ 4.5
1.0” diameter: 7.0 5.0 3.5 7.3 5.3 4.0 11.0 5.2 4.5 14.7 5.2 4.5
2.0” diameter: 7.5 4.5 4.2 8.0 4.7 4.0 12.0 5.2 4.7 15.0 5.4 5.0—

Grasping knob:
.25” diameter: 8.0 3.8 Q 9.04.6 4.0 11.5 5.04.2 15.5 4.84.5
1.0” diameter: 9.0 3.54.0 9.04.54.0 12.0 5.04.0 15.84 .84.8
2.0’’ diameter: 9.5 3.7 3,7 9.24.5 4,2 12.5 4.6 4,4 16.0 4,7 4.5—

‘The largest d!mensmn m each column in underlined.

aousaa Ref. 1a

Exhibit 1.4.6 Glovad.Hand AccessClearances

f. The following are design guides for minimal finger
accessto first joint dimensions.

[-
Push button access aare hand. 1.25’’ dta,

Gloved hand 1.5” dia. I%-&l

Two fins-w twist access care hand object PIUS 2,0” d!a.
Glow?d hand. object Pius 2.5” dta.

8osIfw Ref. 18

Exhibit 1.4.7 Standards for Finger Accessto First Joint

1.4.4.1 SIZE OF ACCESSES (Cent’d)

g. The following are recommended whole body dimensions
for passing through limited accesses in various con-
figurations.

1.4-4
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B. Two m.. wsinq
king 30

mwblkd,mmsbfu
c. h. ~.,
D. ShoutdNwidlh:

~.

E. Walhma wtith: 12,,

F. Vutical .ntrv hatch:
Round or mare 1S”

G, Homomalrntrv hmch
Slm”loerwidth: 1a-
HeUh,: te’,

pm Arctic
Se’. so

22- 32
w

~4.,

H. Crawl thm+h DiP*
R’wrd.ar IQ”** n 30

supine work *ace
t. 14Cigtll 20” 24
J. Lmsth. 73 75-

Sq.mtlnq work sruce
K. Meieh! 40 -
L, Wdth: 27” 36

Omim.m disolav
area 2742-

Sloooicq workspace,

CSbvi.-n.m.iiwl.v 3632;,M. W,dlh

*,CW
Ommwm control
●rm 24-34’.

Knmli.g work $pace
N. ?e,O,h 42, w
o. 14*QM %-
P. 00mrIum work

wit ‘2?
OC.Imwmdimlay
,.” 2s44

Oolimurn COnlrcd
*I*. 30.3!3

Kmding cmd apace.
o. Hewm. 31,, 36
~. Lmeth: es--

Prone Wu,k0, Crswl SC,
s, Welehv :.. ~

T. Lmetb: %-.
Bossroe Ref. 18

Dtmrlb.ti.. Lmmmeters mg.ific.nt
to tndcof+s in work clurmce 10.
Iiitly clad Mchmm”,.

Qm!??@L y,*& S&
w.,. bed” dmth:
Max.&v M&dth: X.3 1.t9

Owrlwad gra$. S25 333

K.eeH.s he!eht 32D 1.56
Knmling lmwh: 43.0 33a

Crswlir+ h.ighl 2S4 130
C*wdins length: 532 261

Prom heiQhl: 14.!S 13S
Prow t, f!qth : W.1 3A1

Exhibit 1.4.B RecommendedWholeBodvDimensionsfor VariousAccesses
●OSHA Standard 191 O.23(C)(2) requires an 18” width for
catwalka/runways.

h. SPACING REQUIREMENTS FOR HAND TOOLS

(1) Nuts and bolts should be spaced with enough
clearance to allow a wrench to be used.

USE THIS NOT THIS

I!!lJ!j,

SoearcwRef.E

Exhibit 1.4.9 Nut ●d Bolt SpacingClearances

(2) Screwdriver-type tools should have an overhead
clearance of no leas than the full length of the tool
itself, plus the length of the fastener and et least 3
inchaa for the technician’s hand. A minimum size
(stubby) screwdriver (about 3 inches long) would
require an overhed clearance of at least 6 inches.
An off-set screwdriver would require lassoverhead
clearance, but would require additional apace for
radial movement.

%f.

Workine Clearance NUeESSW
A+B+C

E

Directionof H~
?remura Sh@d

t

i Bs From AWW

t

~

*f’ of I of~ ec~,i~r
I (Fcndom for

[VWM31*) Turning Naoasaary}

B

L

A’
a ‘3

.—

I.enesh $ Fmtenar
a

Exhibit 1.4.10 Hmd Toolworking SpaceCleermces

IA4.2 SHAPE OF ACCESSES

a. Accesses may be of regular geometric shapes or any
irregular shape, as long as the shape satisfies both
structural and accessibility requirements. Shape of the
access shouId permit easy passage of required items,
body ~pendages, implements, etc., and should con-
sider:

(1)

(2)

(3)

(4)

(5)

Dimensions of the various units that must be
replaced through the access.

Protuberances, attachments, hendlaa, etc. on these
units.

Methods of grasping units dufing removal, and the
required clearances.

Requirements for work clearance for work within
the compartment.

Requirements for visual control of functions
performed within the compartment.

b. If a removable accessplate must be attached in a certain
way, i.e., to prevent damage to equipment mounted
on the beck of the plate, ahape code the access plate
to prevent incorrect attachment, or use asymmetric

USE THIS NOT THESE

~ ~:.

[A) 8iWSScoda ACCSSPtstas

m
(B) Coda ~ Plttes by

Aymmetrfc MountingHoles

klshlbit 1.4.11 CodingRemovableAccessplates

1.44.3 LOCATION OF ACCESSES

4. Accessesshould be located:

(1) Only on unit faces that will be accessible to normal
installation.

1.4-5
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‘n

(2) To permit direct accessand maximum convenience
for job procedures.

(3) On the same face of the equipment as the related
displays, controls, test points, cables, etc.

(4) Away from high voltages or dangerous moving
parts, or provide adequate insulation, shielding,
etc. around such parts us prevent injury to per-
sonnel.

(5) SO that heavy units can be Pulled out rather than
lifted out.

(6) SO that the bottom edge of a limited access is no
lower than 24 inches or the top edge no highar
tlm 60 inches from the floor or work platform.

(7) TO conform to heights of work stands and carts
related to use of the access.

1.4.4A ACCESS SAFETY REQUIREMENTS

a. Edgas of accesses that might injure the technician’s
hands or arms should be protected with internal f il Iers
or other protection.

b. To minimize the po=ibility of injuries and equipment
damage, acosss covers, cases, and handles shwld have
roundad mrners and edges.

c. Accesses that lead to equipment with high voltages
should be equipped with safety interlocks so that
electrical circuits will be opened when the access cover
is removed. If the technician must work on tie equip-
ment with the power on, provide a “cheater” switch
that automatically resets to its safety-protection
position when the accesscover is replaced.

d. Conspicuous warning labels should be providad on
all accessesleading to high voltages, rotating machinery,
or other hazards.

e. Positive indications should be designed to show that
access covers are unsecured, even when they are in
place.

f. Screwdriver guides should be provided to adjustment
points which must be operated near high voltages.

g. Visual access should be provided the technician for all
maintenance operations which require visual control,
especially where hazards are present within the access,
The technician should not be required to work blindly.

1.4-6
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ENGINEERED HARDWARE 1.0

CONTROLS AND DISPLAYS FOR MAINTAINABILITY 1.5

1.5.2 DEFINITIONS

Controls are the means by which a maintenance technician inputs information/instruction into
the equipment. Many of the same controls maybe used by both the technician and the operator.
Some controls may be built into the equipment and used strictly for maintenance purposes.
Maintenance controls include not only knobs and switches, but tool-operated controls such as
screwdriver adjustment points, setscrews,and lockouts.

Displays provide the technician with information about whether or not the total system and its
various units are operating within tolerance.

NOTE

The design of controls and displays is not a function which is specific to maintain-
ability. Control and display design hasbeen more extensive y covered urider operator
activities. In particular, NU REG-0700, “Guidelines for Control Room Design
Reviews,” Division of Human Factors Safety, Office of Nuclear Reactor Regulation,
U.S. Nuclear Regulatory Commission, is a principal source for control and display
design criteria for the nuclear power industry. In addition, Ml L-STD-l 472C,
“Military Standard: Human Engineering Design Criteria for Military Systems,
Equipment and Facilities provides data concerning general human engineering criteria,
principles, and practices to be applied in designingsystems,equipment, and facilities.
Therefore, only considerations which have been determined pertinent to maintain-
ability are presented.

‘-’!
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1.5 CONTROLS AND DISPLAYS FOR MAINTAINABILITY

.n
1.5.3 GENERAL PRINCIPLES

1.5.3.1 MAINTENANCE CONTROLS

a. internal controls should be Iocatd so the technician d.
will be able to manipulate the control while at the
acme time observe its related display. This will eliminate
the need for two technicians-one to operate the control,
the other to provide/interprat feedback from the display. e.

I USElHIS NOTlH IS

I Sowc@ Ref. 1

Exhibit 1.5.1 Locating Intemsl Controls

f.

area. If the work area is especially large and accessto a
single emergency control is difficult, duplicate controls
should be provided.

Maintenance controls located on operators’ panels
should be shieldad with removable covers so as not
to interfere with the operator’s performance while
remaining accessible to the maintenance technician.

Tool-operated controls should be designed to be
operated with hand tools from the technician’s standerd
tool kit. If a special tool is required, it should be attached
near the control which it operates.

If the maintenance task isone of selecting and calibrating
several functionally related variables, a single control
and a switching mechanism shwld be provided to allow
simultaneous or saquential operation of each variable as
desired.

1.5.32 MAINTENANCE DISPLAYS

a. Displays should be located so they are easily visible to
the technician.

NOTE: This design should be used only when the access, as
shown, does not interfere with normal operation of the b. Front panel access should be provided for changing

,i
equipment. 1 Indicator lights when possible.

b. If it is impractical to provide an access to an internally
located to remotely located control, a remote control
should be provided.

I tio.mx Ref. 1 !&J I

Exhibit 1.5.2 Remote Controls

c. Emergency controls should be located so that they
may be activated from any position in the maintenance

c. I natrumentation should be designed for mounting
and removal from a front panel.

.d~, All maintanarm displays which are relevant to a par-
ticular task should be groupad togathar and observable
to the technician while performing the task.

e. If maintenance and operator displays must be located
on the operator’s panel, maintananm displays should be
aepa~atad and groupad away from operator displays.

f. Auditory as well as visual warnings should be provided
to indicate malfunctions when maintenance must be
performed in an area with a high degree of ambient
illumination. Visual and auditory displays should
operate on separate circuits.

g. Instrument amplifiers should be located as close as
possible to their indicators, which will require only ona
technician to make the needed calibrations.

1.5-3
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1.5.4 SPECIFIC PRINCIPLES c. Valves should be color-coded by content of the sub-

1.5.4.1 MAINTENANCE CONTROLS
a.

b.

Tank end reservoir drain valves should be locaIFKI
so they may be removed from outaide the tank or
reservoir.

Labels or other marking devices ahouId be provided
to clearly designate the position of a valve control. A
rider may be attached to the shaft with marks to
indicate the fiI IIy opened and fully closed positions.

ksurce: Ref. 1

Exhibit 1.5.3 Vslw Control LSbaIS

stance which they control,

Contents USAF Color

Fuel
Waler Injection
Lubrication
Hydraulic
Pneumatic
Instrument Air
Coolant
Breathing Oxygen
Air Conditioning

Fire Protection

Deicing

Compressed Gasses

Electrical Conduit

Sourae: Ref. t

NavyC#or f,or NavyStandard for
Valve Handwhe@a Fad. Std. 595 Color Interior Pipe

Contents & Operating Levers Number and Chip Lines”

Staam White 17886 A and B
Potable- Dark Blue 15044 A and B
Water
Nitrogen Light Gray 16376 A
H.P. Air Oark Gray 16081 A
L.P. Air Tan 10324 A
Oxygen Light Green 14449 Light Graen
Salt Water Dark Green 14062 A and B
Fuel Oil Yellow 13536 A
Lube Oil Yellow 1353B A
Fire Protection Red 11105 A
Foam Striped Red/Green
Discharge

11105/14062 A

Gasoline Yellow 13536 Yallow
Feedwater Light Blue 15200 A and B
Hydraulic Orange 12246 A
Freon Dark Purple 17100 A
Hydrogan Chartreuse 23614 A
Sewage Gold 17043 A

●Applies to valveson weather decks and interior piping only.

Red
Red-Gray-Red
Yellow
Blue & Yellow
Orange & Blue
Orange & Gray
Blue
Green
Brown & Gray
Brown
Gray
Orange
Brown & Orange

Exhibit 1.5.4 Examplesof ValveColor-CodingScheme

b.
1.5.4.2 MAINTENANCE DISPLAYS

a. Liquid level indicators should be located so that a
minimum of visual parallax ia present. c.

.::.%;.::.,,,,,,...::.......,., ;. . .::..*.,.~.%:.;,:J:,.:,.

44

d.
‘.:++;l,;;,,.:,. ..%... . ...@i.@:

.i~$” ~ ““’:”i’
●. ........

4. . . . . . . . . . . . . . . .../,,..K,.. _
;~,:;: . . . . . . . . . . . . . . ..- .,.,,. .:.... . ...:::*

e.
>$;’”}, . ..*.... .. . . . .*m. ; ..:” . . .

Ref. f :+’:;. A,,io
f.

Exhibit 1.5.5 Minimizing Visual Parallax

Liquid level indicators should be used for oil tanks
or simi tar reservoirs so that maintenance technicians
can tell whether the resewoira are filled properly.

Liquid level indicators should have adequate contrast
between the background of the indicator and the
color of the liquid it contains.

Markinga should be etched or painted on the glass of a
liquid level indicator to eliminate the naed for looking
through the liquid to the scale.

Plugin metera/displays should be designed in such a way
that they are visually accessible while performing a
maintenance task.

Means of indicating a “tripped circuit breaker” should
be provided. f-l

1.5-4
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1.5 CONTROLS AND DISPLAYS FOR MAINTAINABILITY

9.

P

Where possible, direct-reading type indicators should be
used for hydraulic end other fluid tanks. For example,
to facilitate quick visual inspection of tha presence
of oil in gear cases, oil level sight plugs may be us@cL
This aluminates the need for dipsticks or fluid level

h,

i.

gauges.

k.

To avoid computational errors in weight and balance
from a volumetric figura for fuel, a gauge should be
provided which measures the weight of fuel in pounds.

The lubrication system of m assembly should be pro-
vided with gauges n~saery to keep the maintenance
technician fully informed ebout tha condition of the
equipment, i ,e., oil temperature, inlet, and outlet
pressure gisugeb%houldba provided,

Oil dipsticks should be designed to

(1] Provide contrast between the finish of tha dipstick
geuge and clear ~,in oil.

(2) Make interpolation of liquid level obaervetions un-
necessary by graduating the dipstick in increments.

Magnetic chip d&ctors should be provided in lube
systems rather than electrical detectors since the latter
create maintenance problems.

Exhibit 1.5.6 Oil LsvelSight Plug

,#”-
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ENGINEERED HARDWARE 1.0

LINE AND CABLE DESIGN FOR MAINTAINABILITY 1.6 ?

1.6.2 DEFINITIONS

Lines refer t~ any single length of pipe, wire, or tubing.

Cables refer to a number of lines bound together within a single, permanent sheath.

1.6-2



1.6 LINE AND CABLE DESIGN FOR MAINTAINABILITY

1.6.3 GENERAL PRINCIPLES

P 1.6.3.1 Lines and ablee should be selected, designed,
bound, mounted, and routed to:

a. Preclude wearout, breakage, or damage.

b. Facilitate logical and efficient divisions of maintenance
responsibilities.

c. Allow for quick and easy:

(1) Troubleshooting, testing, checking and isolation
of malfunctions.

(2) Tracing, removal, repair, and replacement.

(3) Connecting and disconnecting.

1.6.3.2 Lines and cables should be designed to minimize
the number ok

a. Typaa and varieties of Iin= and cables.

b. Different lengths of identical lines or cables.

c. Related connectors, fittings, and fixttms.

1.6.3.3 Lines wad cables should be routed and mounted
to be accessible:

a. With minimum disassembly required or removal of
other equipment or items.

b. Especially at connect, teat, mount, and splice points.

c. For complete removal end replacement in case of
damage.

1.6.3.4 Lines and cables should be routed over the shortest
runs allowable by lead, mounting, and other requirements.

n 1.6.3.5High pressure or high voltage lines and cables
should be routad away from sensitive equipmant, high
temperature sources, work areas, controls, ate. where
personnel may require access.

1.6.3.6 Lines and cables should nor be routed through
remote switches or valvea which may be inadvertently
used whks work is being performed on equipment.

1.6.3.7 Lines ard =bles should be routed so they will
not be:

a. Usad for hend-/footholds.

b. Bant or sharply twisted.

USE THIS NOT THIS

Exhibit 1.6.1 Prowr Routingof Cableto AvoidSharsrBends

c. Walked on or rolled over by heavy traffic.

. \

Source Ref. 8

Exhibit 1.6.2 ProperRoutingof Cableto AvoidWalkingOn

d. Pinched or stressed by loose objects, doors, lids, covers,
sliding drawers, or roll-out racks.

1.6.3.8 Linea and ceblae should be mounted so that:

a.

b.

c.

d.

e.

They will not interfere with other maintenance oper-
ations.

They will not chafe or flex excessively under predicted
conditions of use.

Protection from metal edges is provided by grommets
or pads.

They are securely mchored to the chassis by clamps
or pIates.

They are not terminated or mounted on the front of
cabinets or control display panels (test cables excepted).

1.6.3.9 Clamps or mounting plates used for mounting
should :

a.

b.

c.

d.

e.

f.

9.

Fit snug without deforming or crimping the line or
cable.

Be spaced no more than 24 inches apart.

Be put at both ends of bands where the bending radius
is 3 inches or leas.

Be lined with heat resistant material if the line is likely
to become extremely hot.

Be non-conductive or properly insulated if they are
securing a conductor.

Require only one-handed operation with common hand
tools.

Be of a quick release, hinged, or spring type if the line
or cable must be frequently removed. Hinged clamps
ere preferred; they support the weight of the line
during maintenance, freeing the technician’s hands
for other tasks.

I 1

Exhibit 1.6.3 Quick Relesas, Hinged d Spring Type Clamps
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h. Foroverhead mounting, baof aspring clamp typewith
a hinged locking latch over the open side of the clamp
to prevent eccidents.

1.6.3.10 Adequate storaga and handling provisions should
be made for extension-type lines and cables such m

a.

b.

c.

Coverad storage space in ground SUPPOti aquipment
for storing lines and cables.

Suitable racks, hooks, or cable winders within the
storage place to hold lines and cables conveniently.

SLWW Ref. 18

Exhibit l.6.4 Unemdtik Rwk, Wtier, and Ho&

Reals or real carts for handling large, heavy, or long lines
or cables. Automatic rewind should be available, where
possible, to minimize damage and kinking.

J!iLo

aeumO Ref. fa

Exhibit 1.6.5 LineendCeble Rwl CSrS

d. Wheels or other mobile supports for especially large

lines or cables that must be frequently moved.

%=

!lriurca Ref. 18

Exhibit 1.6.6 LinesndC&le MobileSupport

1.6-4



1.6 LINE AND CABLE DESIGN FOR MAINTAINABILITY

1.6.4 SPECIFIC PRINCIPLES

1.6.4.1 ELECTRICAL WIRE AND CABLE DESIGN

a. Tha layout and routing of wires and cables should ba
pmdetarminad end made es simple and functionally
logical as possible by

(1)

(2)

(3)

(4)

(5)

/’-’

Combining conductors into cable wherever
practical.

Combining conductors into harnesses wherever
cables are not used.

Segregating conductors into and within cables or
harnessesaccording to their functions and relation-
ships to replaceable equipment.

Using preformed cables wherever possible to
minimize wiring errors and to allow more flexible
and efficient assembly methods. Provide spare
leads in cables to allow for growth and to spaad
wiring time.

Where possible, usephysical measures, such as cable
length, to prevent interchanging units or compon-
ents with the same or similar form, that are not, in
fact, functionally interchangeable(Ml L-STD-1472C,
pg. 179, 5.9.1 ,9a).

Sourtw Ref. 8
I

Exhibit 1.6.7 Preformed Csble$

b. Wire connections should conform to the following
recxrmmendations

(1)

(2)

(3)

For easy maintenance, plug-in contacts am better
than screw terminals and screw terminals are better
then solder connections.

The and of a wire soldered to a terminal should
ba left out of the aolder so that the wire will b+?
easy to remove.

I USETHIS ~07 lHIS I

Sewcc Ref. S I

Exhibit 1.6.8 Proper %ldering of Electrical Wire

U-hJgsahwld be used rether than O-lugs whenaver
practicable.

I uSE THIS NOT TMIS 1

I aourw Ref. 8 I
Exhibit 1.6.9 U-TYPSLues

[4)

(5)

Separetaterminals to which wires are to be soldered
should be separated far enough apert so that work
on one terminal doas not damage neighboring ones.

USE THla NOT THIS

Sr?WW Ref. a

Exhibit 1.6.10 Proper Spacing of Wire Lesds

Terminals or other connections to which wires
are aolderd should be made long enough so that
inauIetion and other materials are not burned by
the hot soldering iron.

I USE THIS NOT THIS

6ourcw Ref. 6 I

Exhibit 1.6.11 Proper Length of Twmirmls snd Conrrecticms

c. Harnessesshwld:

(1)

(2)

(3)

Be designad, fabricated, and installed as units.

Be held securely with lacing twine or other means
eccaptabla to the user.

Keep the individual conductors essentially parallel,
so they do not intertwine, though Wvist&l pairs
may be used when required.

d. Laed lengths should be es short as is consistent with the
task to tx?performed, but long enough to allow:

{1)

(2)

(3)

(4)

[51

Easy connection and disconnection, with enough
slack to back the wire way from the point of
attachment to facilitate removel of the unit.

Sufficient slack for at least two (preferably six)
replacements of terminal fittinge, electrical con-
siderations permitting.

Movements of moving parts to which they maybe
attached (doors, covers, etc.) without undue stress
or banding.

Connection, disconnection, or movement without
raqu iring a banding redius of less than six times
the diameter of the lead.

Movement of the units which are difficu k to
handla in their mounted position to a more con-
venient position for connection or disconnection.

& Extension cables should be planned, designed, and
provided to:

!1)

(2)

(3)

Increase the efficiency and ease of maintenance.

Avoid removal of assemblies or components for
tasting.

Allow each functioning unit to be checked in a
convenient place.

1.6-5



(4) Allow support equipment to be perked or sat in
a convenient place.

(5) SSfVe as many related functions as possible, yet
avoid the possibility of misuse or miaconnection.

f, Mounting of wires and cables, in addition to satisfying
the General Principles previously listed, should:

(1)

(2)

(3)

(4)

Enaura that lightly insulated wires clear parts
normally at ground potential by at least 0.75
inches under operating conditions.

Employ raceways, stuffing tubas, conduit, junction
boxes, and insulation as necessary to obtain
the required degree of protection, security of
mounting, and seasof maintenance.

Ensure that edequate accessibility is provided to
raceways, stuffing tubas, etc.

Allow checking of the signal flow through each
conductor by arrangement, location, and mounting
of leads; provide test points where leads are un-
available for tasting; end provide test pointa in
connectors.

g. Laads should be mounted so they:

(1)

(2)

(3)

Do not bear the weight of the cable, harness, or
other components.

Are provided with support at splices and points

of connection.

Are “fanned out” to provide edequate clearance
for the technician’s hand and/or any tool required
for checking or connection.

(4)

(5)

Exhibit 1.6.12 Cable“Fanning”for Easeof Maintenance

Are orianted, where possible, in such a manner
as to prevent erroneous connection or “crossing.”

Do not allow flexing at weak areas, es., at splices,
solder points, or where tha conductor is bara or
crimped, or strands are tinned together.

h. Laads or cables to moving perta, doors, covers, etc.
should have adequate slack and protection so they:

(1) Allow movement of the part (door, etc.) without
their disconnection.

(2) Fold out of the way automatically when the part
is moved.

(3) Do not chafe or break under the repeated flexing
required.

(4) Are not pinched or otherwise damaged by mova-
ment of the part.

i. When determining materials to be used for wire and
cable applications, the following should be considered,

(1) Clear plastic insulation allows rapid detection of
internal braaks.

1.6-6
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k.

(2)

(3)

(4)

(5)

When polyvinyl wira is uaad, care should be taken
so there will be no cold flow of insulation due to
tightness of lacing or mounting.

Neoprawoverwl rather than aluminum-sheathed
cable should be used in eraas where inten~ vi-
bration or corrosive substances may cause failures.

High-temperature wire should be used when wires
are routad near ducts carrying pressures over
50 psi and/or temperatures above 2000C (3920 F).

Metallic shielding unprotected by outer insulation
should be secured to prevent the shielding from
contacting exposed terminals or conductors.

Wire and cable insulation should be protected from
termite destruction by coating them with compounds of
creosote, antimony, or other mixtures acceptable to the
user.

Insulated wire or cable should be color- or rtumber-
coded in accordance with standards acceptable to the
user (e.g., Ml LSTD-195; Ml LSTD-681).

1.6.4.2 FLUID AND GAS LINE DESIGN

(a) Lines for fluids and gasesshould be designed and routed
to prwent

(1) Disconnection during servicing or maintenance
operations.

● Fittings should be standardized so it is
impossible to interchange lines that differ in
content.

● Employ arrangement, size, shapa, and color
mding as necessary to prevent interchange of
adjacent lines.

● All fluid carrying lines should be identified
by color bands.

(2) Spraying or draining on personnel or equipment
during dismnnections.

●

●

●

●

Connections should be located away from
work areas and sensitive components.

Shielding should be provided for sensitive
components where required.

Drains and bleed fittings should be provided
to allow draining or reduction of pressure
prior to disconnection.

High visibility warning signs shoukf be pro-
vided at disconnect areas or where praasur&
or the content of lines could injure personnel.

(3) Drainage problems.

●

●

●

●

Lines should be designed to be completely
emptied when required.

Avoid low points or dips in lines that are
difficult to drain.

Make bends, whera possible, in the horizontal
rather than the vertical plane, to avoid fluid
traps.

Low point drains should be provided where
requir&l to drain such traps.

b. Lines for fluids and gases should be mounted and
instelled.

(1) Rigid lines should be installed with fittings that
do not require the line to be backed-off for dis-
connection.

‘7



1.6 LINE AND CABLE DESIGN FOR MAINTAINABILITY

,t’f’-
(2) Tubing should be used insteed of rigid lines,

because it allows more flexibility in handling,
can be beckaddf easily, end is easier to thread
through equipment when replacement is required.

(3) Flexible hose should be used rether then pipes or
tubing where minimum space is available for
ramoving, handling, or replacing lines.

(4) Adequate supports should be provided for lines
which run from external service or test equipment,
or where extans”wns will be attached for other
purposes. These suppom must withstand:

● The initial surgesof pressure through the line.

● The weight of the external axtanaions.

.
(5)

● The rigor of handling and repeatad connection
and disconnection.

Lines should be mounted and installed in such a
way as to preclude kinking by:

● Employing sufficient mounts and supports
to prevent kinking.

● Employing quickdisconnact fittings to reduce
manhandling of lines during connection or
disconnection.

● Eliminating work space restrictions around
mounts and connections that may cause the
technician to bend the line in installation,
disconnection, or removal.

1.6-7
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ENGINEERED HARDWARE 1.0

TEST AND SE~~lCE POINT DESIGN FOR MAINTAINABILITY 1.7

1.7.2 DEFINITIONS

Test points are means for conveniently and safely determining the operational status of equip-
ment and isolating malfunctions. Test po,i,n.~,strategically placed, make signalsavailable to the
technician for checking, adjusting, or+trwbleshooting.

Service points are means for lubricating, filling, draining, charging, and similar service function.
Service points allow adequate adjuqrnent, lubrication, filling, changing, charging, and other
servicesto be provided on al I equipment and components requiring such service between over-
hauls.

1.7-2
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t-

1.7.3 GENERAL PRINCIPLES

1.7.3.1 Requirements for periodic or repetitive testing and
servicing of components should be avoided when possible
by using sealed bearings, oil impregnated bushings, highly
reliable components, etc.

1.7.3.2 To reduce the number of test and service points
required, built-in indicatom, pressure gauges, direct reading
fluid level gauges, etc. should be used for quick checks
without the need of auxiliary equipment.

1.7.3.3 Teat end aewice pointa should be designed for
compatibility with checking, troubleshooting, and sewicing
procedures and testhewice equipment.

1.7.3.4 Different types of the following items should be
minimized:

a. Test and sewice equipment and accessoriesrequired.

b. Fixtures required (fittings, connectors, etc.).

1.7.3.5 Distinctively different connectors or f ittings should
be provided for each type of test or sewice equipment,
probe, grease, oil, etc. to minimize the likelihood of error or
misuse.

1.7.3.6 Test and sewice points should be located so they
are:

a. Recessed, guarded, or otherwise protected from damage
by personnel, moving cargo or equipment, dust,
moisture, etc.

b. Within aach functional reaching and/or seeing distance
of related or corresponding controls, displays, fittings,
switches, etc.

c. Convenient to related maintenance suPPort equipment
and compatible, in terms of work space and clearance
requirements, with the various features and character-
istics of such equipment.

d. Away from dangerous electrical, mechanical, or other
hazards. More than a hand’s width [4.5”) separation
from the nearest hazard should be provided, and guards
and shields should be provided as necessary to prevent
injury.

e. Not mncealed or obstructed by bulkheads, brackets,
other units, etc., and so it is not necessary to dis-
assemble, remove, or support other units, wirea, etc.
to test, aewice, or troubleshoot.

1.7.3.7 Locations of internally located points should be
indicated on the access plate or adjacent surface of the
equipment.

1.7.3.8 Safety valves should be located where they are
readily accesaibla, but where popdf action will not injure
personnel or damage equipment.

1.7.3.9 Fluid fill areas for combustible materials (fuel, oil,
etc. ) should be located away from sources of heat, sparking,
or potential voltage shorts.

1.7.3.10 Fluid fill areas should be located so there is little
chance of spillage during sewicing, especially on personnel
or easily damaged equipmant,

1.7.3.11 Connectom or fasteners for test and sewice points
should:

a. Use direct insertion or quick disconnects axcept on
pressurized systems.

b. Key the connectors on pressurized systams so they are
properly seated before an opening occurs, to prevent
loss of gasesor fluids and reduce the hazards involved.

c, Require only hand operation by common hand tools.
Speciel tools should not be required for the connection
of teat and aewice equipment.

d. incorporate holding devices, clamps, and auxiliary
shelves to suppo~ test probea, test sets, etc., and free
the technician’s hands for other tasks, such as making
adjustments.

e. Incorporate guards and shields to protect personnel and
teat or sewice equipment, particularly if the equipment
must be aewiced while running.

f. Employ self-sealing elastomers or similar devices to
allow probing into hermetically sealed units. Such
devices should be provided with tool guides to ensure
that proper contact is made.

1.7.3.12 Test and sewice points should be designed so they
are easily distinguishable. Color coding with a distinctive
color may make them more easily located by the technician.
Color for teat points should be clearly different from the
color used for sewice points.

1.7.3.13 Luminescent markings for teat and sewice points
should be used if they must be used in low illumination.

1.7.3.14 When a teat or aewice point is internally located,
its location should be indicated on the accessplate on the
surface of the equipment.

1.7.3.15 Dangerous test and sewice points should be
labeled as such. The labeling should be claarly visible,
using capital letters.
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1.7.4 SPECIFIC PRINCIPLES

1.7.4.1 TEST POINTS

a. DESIGN OF TEST POINTS

(1) If internal probing of hermetically sealed units is
r~uired, accesses ahwld be revered with self-
sealing elastomers, and needle probes should be
used.

y

:./:
.. ..

JoIsrcaRef. 1

Exhibit 1.7.1 Internal Needle ProLwand self-sealing Elastomer

(2)

(3)

(4)

High pressure test indicators should be built
wherever possible to avoid some of the dangers
in temporery high pressure connations.

A special “ground” point should be provided if a
good grounding point is not available and con-
nection to ground should be made during tests of a
given unit. Technicians may have difficulty if only
paintad surfaces are available for ground con-
nections.

Suitable guides for test Probes should be provided
when teat points are located internally.

vu
SourcmRef. 1 I

Exhibit 1.7.2 Test Probe Guides

b. LOCATION AND GROUPING OF TEST POINTS

(1)

(2)

(3)

(4)

The functional location of test points should be
fixed by determining from maintenance procedures
the signals that must be available to the technician
and at what points they must be available.

Generally, test points should be concentrated in
one place, but practical limitations do not always
make this possible.

Highly accessible test points should be provided for
checking and troubleshooting.

Accessible test points shwld be provided on fuel,

(5)

(6)

(7)

(8)

(9)

hydraulic, and pressure systems that will eliminate
the need for:

● Removing fittings to attach teat equipment.

● Removing components such as fuel pumps and
actuators during troubleshooting,

Test accesses should be provided for mechanical
components likely to wear. For example, brake
assemblies should be provided with an inspection
opening to permit insertion of a gauge for deter-
mining the clearance between the brake lining and
drum.

On electrical equipment, cables should be fanned
out on terminal strips if special test points are not

-e
●

Souroa Ref. 1

Exhibit 1.7.3 Fan Out Cablesfor Test Points

When possible, test points should be grouped on a
central panel to facilitate checking and trouble-
shooting.

Test points should be located so they are in a
convenient arrangement for sequential checking.

When test points are located on one central test
panel, they should be grouped according to the
units which are used for tasting.
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Exhibit 1.7.4 Proper Test Point Grouping

(10) Test points should be located close to the controls
and displays which are used in the checking
operation. The technician should be able to activate
the control and see the display at the same time.

c. ALTERNATE TEST POINT ARRANGEMENTS

(1) A BUILT-IN TEST UNIT. An arrangement built in
as part of the installation is most desirable for
efficient maintenance and troubleshooting. If
voltages and wave shapes must be checked, for
example, the test unit might consist of a meter, an
oscilloscope, and a rotery switch for selecting
circuits. The meter and oecilIoacope should have
fixed, preset circuits so that the meter always reads
center scale and the oscilloscope needs no adjust-
ment. Either an in-tolerance meter reading or an
in-tolerance waveform on the oscilloscope should
be coded for each position of the rotary switch. If
more test points are needed than can be handled
by a single switch, multiple switches could be used.

‘-’l
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~ Ref. 8

Exhibit 1.7.5 Built-InTest Unit

Exhibit 1.7.7 portable Test Unit

Oscll

, eourca Ref. 8

(2) A PARTIALLY BUILT-IN TEST UNIT. Because
some oscilloscopes are large, heavy, and expansive,
it may not be practical to design a teat unit such as
that recommended in (1) above for each major
component of a system. An accaptebla compro-
mise is to mount a canter-reading meter on each
major component that can be checked by mater
and then provide a sat of test jacks as an outlet for
signals requiring an oscilloscope. The selector
switch and circuits for this arrangement should
be designed as before.

METER

SELECTOR
SWITCH

lcwce Ref. 8

Exhibit 1.7.6 Pertidly Built4n Tact Unit

(3) A PORTABLE TEST UNIT. If neither of the two.—.
built-in test arrangements is practical because of
space or weight limitations, an integrated portable
teat unit resembling the built-in unit may be uad.
A single, multi prong contact on the end of a cable
can be used to attach the test unit.

(4) A BUILT-IN TEST PANEL. If, for some reason,
none of the alternatives described previously is
practical, a teat panel should be provided on the
equipment. With this arrangement, tha outputs of
aach test point should be designed for checking
with standard tast equipmant, and the points
should be planned to provide a miniature block
diagram of the system, with aech block repra-
aanting a line replaceable unit. Overlays for the test
panel should direct the technician to teat points he
should check end the order in which he should
check them. I n-tolaranca signals should be shown
on tha overlays, and tast pointa should be codad on
tha panel with full instructions providd in the
maintenance manual in the avent the overlay is
lost.

Sourca Ref. 8

Exhibit 1.7.6 Built-In Test Panel

(5) TEST POINTS ON REPLACEABLE UNITS. If
none of these arrangamanta is practical, test points
should be provided for the inputs and outputs on
each replaceable unit. If possible, components
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d.

should be mounted on one side of the board or
chassis end wiring on the other side. Even if the
wiring is mounted on the same side as the parts,
test leads should be brought through to the beck.
An advantage in hevingtest points on the back is
that full identifying information for each test point
can bemarked ontheback without being obscured
by parts.

aounw Ref. a

Exhibit l.7.9 Test Pointeon Replaceable Units

A6ELING AND CODING

(1)

(21

(3)

(4)

(5)

1.7.4.2

Test points should be labeled with the neme of
what is being tested. If it is not possible to include
the name on the test point, it should be coded with
a symbol. Explanations for symbols used should be
in tables placed near the equipment or in job
instructions.

Teat point labels shouId be located consistently
throughout the system and should be consistent
with identifiers used in maintenance instructions.

Test points should be labeled with in-tolarance
indications or tolerance limits of the signal being
measured there.

Color coding of test points should be considered
for easy location.

Phosphorescent or chernoluminescent markings
should be used on test points, selector witches,
and meters that require reading in low light con-
ditions.

SERVICE POINTS

a. DESIGN OF SERVICE POINTS

(1)

(2)

(3)

(4)

Lubrication points should be designed with a
reservoir to reduce the frequency of required
lubrication.

Service fittings should be designed to be hand
operable or to require only common hand tools.
Petcocks and valves are preferred to drain plugs.

Guards should be provided around lube points
which may be serviced while equipment is oper-
ating.

Grease fittings should be standardized for a given
lubricant so that the number of different grease
gun tips required is minimized.

THREAD 114.2S TAPER

.iiiifif%ii?
THREAO I/a PIPE

iourcw Ref. 8

Exhibit 1,7.10 Exampleof Typical Lubrication Fittings

(5) Oil filler caps should be designed so they:

● Snap and remain open and closed.

● Provide a large round opening for oil filling.

. Permit application of breather vents, dipsticks,
and strainers.

● Use hinges rether than cheins for attaching the
lid.

● Look different when opened or closed.

~ Ref. 1

Exhibit 1.7.11 Example of Well-Designed 011 Filler Cap

(6)

(7)

(8)

(9)

(10)

Pressure fittings should be provided for applying
greaw to bearings which are shielded from oil.

The same fuels and lubricants should be used in
auxiliary or mounted equipment, as in the prime
unit, when possible.

Lubrication requirements should be reduced to
two types, if possible; one for engina and another
for gear lubrication.

If lubrication is required, lubrication points rather
than equipment disassembly should be provided.

If lubrication points are not feasible, easy accessto
equipment should be provided,

b. FLUID LEVEL INDICATORS

(1)

(2)

(3)

Direct reading gauges are preferable to dipsticks
or other methods of indicating f Iuid Iwels, because
they allow rapid, immediate, and continuous
inspection, and thus remove requirements for
inspection tables.

If used, gauges or dipsticks should be calibrated in
terms of functional units (quarts, pounds, gallons,
etc.), rather than in general terms such as dry, low,
add, etc.

If used, gauges or dipsticks should be immediately
accessible and quickly and easily read, i.e., there

1.7-6
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should be good contrast between the finish of the
gauge and the fluid.

c. DRAIN POINTS/BLEED FITTINGS

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Provide drains on all fluid tanks and systems,
fluid filled cases or pans, filter systems, float
chambers, and other items which ara designed or
likely to contain fluid that would otherwise be
cliff icult to remove.

Use drain fittinga of a few types and sizes, and
standardize these according to application through-
out the system.

Use valves or petcocks in preference to drain plugs.
Where drain plugs are used, they should require
on Iy common hand tools for operation, and design
must ensure adequate tool and work cIaarance
for operation.

Drain cocks or valves should be clearly labeled
to indicate open and closed positions, and the
direction of movement required to open.

Drain cocks should always close with clockwise
motion and open with counterclockwise motion.

Provide instruction plates as necesaa~ to ensure
that the system is properly prepared prior to
draining.

Design, locate, and install drain points

●

●

●

●

●

●

Whare they are readily reechabla and operable
by the technician.

So fluid will not drain or spill on equipment or
personnel.

At the lowest point in the system when com-
plete draining is required or when separation of
fluids is desired.

At other points in tha system as required to
permit selective draining or bleeding to facili-
tate maintenance procedures.

To permit drainege directly into a waata con-
tainer without use of separate adaptera or
piping.

So fuel or other combustible fluids cannot run

down to or collect in the starter, exhaust, or
other hazardous areas.

d. LOCATION AND GROUPING

(1)

(2)

(3)

(4)

Lubrication points should be located so that they
ara easily accessible. Lead tubes or extended
fittings should be provided if required to avoid
equipment disassembly or locating a lubrication
point in a hard to raech area.

Removing cases, covers, or other pieces of equip-
ment should be avoided to obtain access to
lubrication points by:

● Locating oil dipsticks and other such level
indicators so that thay may be fully with-
drawn without touching other pieces of
equipment.

● Locating lubrication test points cbse to
corraaponding lubrication add points, if
possible.

Whan possible, a central lubrication point or
grouping of pointa ahoukf be provided for applying
lubricant to all araas which requira lubrication
within a system, subsystem, or major component.

Tha oil quantity dipsticks should be placed in an
accessible location.

e. LABELING AND CODING

(1)

(2)

(3)

(4)

(5)

Lubrication, fual, and other filling points should be
labeled with the type of lubricant or other material
which is being replaced or replenished. A log and
instructions for lubrication schedule should be
included where possible.

Servicing instruction plates should be provided
adjacent to servicing points.

Cautions (or overflow mechanisms) should be
provided adjacent to lubrication points where
axcess lubrication is unwanted.

Drain systems should be labeled to indicate proper
position of equipment for draining.

Service points should be clearly distinguished from
other fittings or breathing holes not to be lubri-
cated or otherwise serviced.

1.7-7
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TEST EQUIPMENT DESIGN FOR MAINTAINABILITY 1.8

1.8.2 DEFINITIONS

Four general types of test equipment are used in maintenance tasks:

a. Built-in test equipment is an integral part of the prime equipment. It may be a complex
automatic checker or a simple voltmeter with external leads.

b. Go, nogo test equipment provides only one of two alternative answers to any question. It
tells only whether a given signal is in or out of tolerance.

c. Automatic test equipment checks two or more signalsin sequence without the intervention
of a technician. The test usually stops when the f irst out-of-tolerance signal is detected,

d. Collating test equipment presents the results of two or more checks as a single display. For
example, a light may come on only if a number of different signalsare in tolerance.

All test equipment should be designed to satisfy the following functions:

a. Simplify the job of the on-line maintenance technician.

b. Reduce the preparation or turn-around time for systems.

c. Reduce total maintenance costs.

1.8-2
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f-%
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1.6.3 GENERAL PRINCIPLES

1.8.3.1 SELECTION OF TEST EQUIPMENT

●

●

●

●

●

●

9

a.

b.

c.

d.

Teat equipment should be designed and selected so that
it is easy, fast, and safe to use.

The type of teat equipment to be used should be
decided upon in tha early stages of prime equipment
design and should be firm by tha system/subaystem
stage of development.

Selecting teat equipmant depends on:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The mission and operational characteristics of the
equipment.

Tha anticipated reliability of the aquipmant.

The maintenance structure.

Personnal available.

Operational environment.

Logistics suppoti raquirarnants.

Development time and coats.

Advantages and disadvantages of various types of
test equipment.

Buitt-inTeatEquipmwat

Leaslikely than portable teat
equipment to be lost or
damaged.

Available when needed.

No special storagefacilities
are required.

Transportation to the prime
equipment for use in mainta-
nanca is not required.

●

Disadvarstaeae

Likely to add to the weight and
apacerequirements of the prime
equipment.

More built-in teat equipment
may be required becausea
separate item is usually
required for eadr prima
equipment.

Transportation of built-in test
equipment to a point for
convenient calibration may be
more difficult than transporta-
tion of portable test quipment.

Permanent installation of the
test equipment may increasethe
complexity of wiring for the
system and may even increase
the amount of required mainta-
nanca for the prime equipment.

Go, No-GoTeat Equipment

Advesataem

Presentsinformationthat ●

isclearandunambiguous.

Usuallyeasyto read.

Cansimplify difficult tasks
such as balancing circuits
or checking complex
waveahapas.

●

●

Diaadvantagaa

Unique circuitry usually
rquired for eadr signal value
to be tasted. Sometimes, how-
ever, ordinaw displays can be
converted to go, noqo by
appropriate use of reference
scalessuch asa mlorad section
on a mater dial.

The increase in the number and
complexity of circuits usually
required adds to initial cost and
development time; it is also
likely to increase the rate of
test equ.wment breakdown.

Except in long, fast check
sequences,go, nogrs equipment
is of relatively little help to the
technician in checking common
voltages or simple waveshapes.

●

✌

● Likely to require modification
when prime equipment is
modified. A special modal
may be required for aach model
of prims quipment.

Au*atia Teat Emskemant

Adsaastaeae

Canntakaa rapidsequenceof ●

dtecks with Iittfe or no chance
of om itting any steps.

●

●

●

Didvmtagao

Coat, size, weight, and mainta-
nanca requirements are relatively
high.

This type of quipment is
relatively specialized, with
little versatility.

Must almost necaaaarily have
self-checking features to detect
test equipment malfunctioning.
This adds to coat and to
problams of maintaining the
test equipment.

More likely to require modifica-
tion when prime equipment is
modified. A special model may
be required for sash modal of
prime-equipment.

t:, Coffatine ToesEquipment

Advmtaeae Diaadmrttaem

● Reduce the number of displays ● Similar to those for go, no-go
the tadrniciest must read, and automatic test equipment.

,2, ~~eraby reducing cheek time
and probably reducing errora.

Collating test equipment should indicate not only that all signalsare
or are not in tolerant% it should also provide an indication of which
signal, if any, is out of tolerance. If only the collated display is tsre
aantecf,the equipment will not be an eid to troubleshooting.

1.8.3.2 CHARACTERISTICS OF TEST EQUIPMENT

a.

b.

c.

d.

a.

f.

9.

h.

Controls and displays required on test equipment
should be kapt to a minimum.

The number and complexity of steps required to
operate the test aquipmant should be minimal. This
may be accomplished by “ganging” certain controls or
by making certain operations automatic.

Operating instructions for the teat aquipmant should be
available to the technician, clearly writtan, and aasily
underatendabla. A complete sat of instructions should
be stored with the aquipmant, and/or a checklist for
operating tha aquipmant should be printed on a plate
attached to it.

Test aquipmant should be designed aither to prevent the
technician from making errors or warn him of his errors.

Circuit braakars should be grounded on all test aquip-
ment to safeguard against damage if the wrong switch
or jack position ia usad.

Fail-safe features should be incorporated into the
teat equipment to minimize the danger to the technician
and equipment in case of equipment failure.

Test equipment should be built to withstand tha rigors
of the job.

When required to support operations or maintenance
functions, resta or standa should be provided on which
units can be placed. Theee stands should include space
for test equipment, tools, technical orders and manuals.
When permitted by design requirements, such rests or
stands shall be part of the basic unit, rack, or console
chassis.
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1.8A SPECIFIC PRINCIPLES

1.S.4.1 ELECTRICAL CONNECTIONS

a. Selector switches should be used on test equipment
insteed of many plukin connections (if the effects of
switching will not degrade information desired).

b. Test points, adjustment points, cable end connections,
end labels should be in full view of the technician
making connections or adjustments at that point.

c. The technician should not be required to assume an
awkward position to make connections.

1.8.4.2 OPERATION AND MAINTENANCE

a.

b.

c.

d.

e.

f.

Equipment should be simple to operate and hwe
self-checking and calibrating features.

Test equipment should be designed for operation by
one technician.

Test equipment should be easily calibrated or equipped
with a go, no-go indicator or simple check to determine
whether the instrument requires calibration or is mal-
functioning.

A warm-up indicator should be provided if applicable.
Required warm-up time should be ahown clearly near
the display if no visual signal is provided,

A simple check for testing the accuracy of results
should be incorporated into the test equipment.

Conversion tables should be attached to test equipment

9.

h.

i.

j.

when they are required Standards and tolerances
should be explicit.

Adjustments required by technicians should be limited
to only those that are essential. TheY should be made by
means of “lowgo-high” type indicetom. Feedback
information to the techn.kian shouId be by qualitative,
positive signaling means, such as color-code signels and
zero-center meters.

Controls and displays should be designed to permit
misalignment which may be caused by vibration, service
use, or accidental contact.

Automatic shut+ff capability should be built into the
test equipment to insure the equipment is turned off
when not in use.

Power witches should shut off automatically when
instrument’s lid is closed.

1.8.4.3 SAFETY

a.

b.

c.

d.

e,

Test equipmant should be designed so that all exposed
moving and cutting parts are shielded,

Protrusions, rails, corners, etc. that technicians might
come into contact with on the test equipment should
be covered with robber or other appropriate materials.

Internal controls should be located away from danger-
ous voltages.

High voltage areas should be insulated or guarded.

Wherever a potential hazard exists, adequate warning
should be provided.

i
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CONNECTOR DESIGN FOR MAINTAINABILITY
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GQNNECTOR DESIGN FOR MAINTAINABILITY 1.9

1.9.2 DEFINITION

A connector is any fixture designed and intended to join or connect lines (any single length
of pipe, hose, wire, or tubing) or cable Inumber of lines, bound together within a single, per-
manent sheath),

1.9-2



1.9 CONNECTOR DESIGN FOR MAINTAINABILITY

1.9.3 GENERAL PRINCIPLES

1.9.3.1 SELECTION, DESIGN, AND USE OF
CONNECTORS. Decisions affecting the selection, design,
and use of connectors should be compatible and co-
ord inated with:

(1)

(2)

(3)

(4)

Designed for hand operation, while catches, pins,
ate, should be designed for operation with gloved
hands.

Designed to prevent loosening which allows leakage
or overheating from pressuresor voltages involved.

Provided with self-locking catches, es necessary, to
prmmnt loosening, resist stress, end ensure secure
connection.

Used for all connections ofi

a.

b.

c.

d.

e.

f.

9.

Line and cable principles.

Fastener principles.

Mounting and packaging principles.

Envimnmentel fectors to be endured.

Maintenance routines in which connectors will be
invotved.

Reliability of the system in which connectors will be
used. Connectors are sources of unreliability and should
be considered es such in system design.

Reliability of components whose connection they

Auxiliary, test, or support equipment to other
major units.

Units which require frequent disconnection or
replacement.

Units which require replacement within critical

●

●

●

reediness times.

affect. Components of low reliability should ba easiest
and fastest to disconnect.

1.0.3.2 CONNECTOR OBJECTIVES. Connectors should
be selected, designed, arid mounted to:

a.

b.

c.

d.

e.

f.

Maximize the rapidity and ease of maintenance oper-
ations.

Facilitate the removal and replacement of components
and units.

Minimize set-up time of test and service equipment.

Ensure compatibility between prime and ground
support or auxiliary systems.

Minimize dangers to personnel and equipments from
pressures, contents, or voltages of lines during the
release of connectors.

Be operated by hand where possible, or with common

Sgurce: Ref. 18

Exhibit 1.9.2 Example of Ouick.OieconnactConnector

c. LUGS AND CRIMP-ON DEVICES. These are most
useful to connect or splice single wires. Both can be
used, and are preferable to soldering, at elevated
temperatures.

hand tools. Requirements for special tools to effect
connection, disconnection, or removal of connectors
should be evoidad.

1.9.3.3 TYPES OF CONNECTORS

%wom Ref. 1E

Exhibit 1.9.3 Exampls of CrimpOn Lug

Lugs must be compatible with the terminal post
requiraments.

Where lugs end crimp-on devices are used, slack
should be provided for at least six replacements of
those devices which must be cut off.

Lugs and crimp-n devices should clamp the
insulation as wel I as the conductor, to provide
suPPort for tha Iina end preclude flexing of the

conductor again~ the end of the connector.

PLUG-IN CONNECTORS, These are the fastest and
easiest to usa, e.g., simply push in or pull out, but they
have low holding power. Plug-in connector

(1)

(2)

(3)

a.

b.

(1)

(2)

(3)

Should not be used whera stressesor pressureswill
overcome holding power.

Should not be used where holding power is such
that lines are likely to be dam~d or connectors
loosened by the pulling required to disconnect.

Should be used where possible for all connections
that will not be seriously strassed and particularly
for those that must be frequently disconnected.

[_Ref@1
Exhibit 1.9.4 Example of Proper Attachment of CrimpOn OsvicesExhibit 1.9.1 Exampleof Plue-in Connector

QUICK-DISCONNECT DEVICES. These are very
fast and easy to use. They exist in a variety of forms and
include any type of connector that can be released by
snap action, twisting up to a full turn, triggering a Ietch
or spring device, or removing an external pin. Quick-

(4) “U-lugs” should be used rether than “eye-lugs.”
u-lugs:

● Are easier and fester to connect and discon-
nect.disconnect devices should be:

1.9-3
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Threaded connectors should:● Do not require complete removal of the con-
necting fastener.

● Are more likely to disconnect rather than allow
the line to braak under extreme stress.

d. BOLT OR SCREW ASSEMBLIES. These provide
very secure connection, but also require time-consuming
handling and operation of bolts or screws. They are par-
ticularly useful for connecting large or high pressure
lines.

ScutrrX Ref. 1tf

Exhibit 1.9.5 Exampleof Bolt Assembly

Bolt or screw connector assemblies must:

(1) Satisfy fastener preferences and requirements.

(2) Ensure adequate work and tool clearances about
these fasteners.

(3) Employ the minimum possible number of separate
parts.

(4) Satisfy gasket and seal requirements.

e. THREADED CONNECTORS. These provida very

secure connection, particularly when Iockad into place
by set screws, retainers, or safety wires. They require
more time to operate, depending upon the ease of
operation, number of turns required, and types of tools
required. Connectors should be right-hand threaded.

&
Exfribit 1.9.6 Example of ThresdedConnector

(1)

(2)

(3)

(4)

(5)

(6)

Require as few turns as are consistent with holding
requirement.

Be operable by hand when used for electrical con-
nection.

Require only common hand tools or special tools
which are immediately accessible.

Be so designed that the line need not be backed-off
to effact connation or disconnection, especially in
the case of rigid lines.

Ba designed and arranged to reduce the danger of
loosening other connectors while working on one.
This is a major problem with threaded fastenars on
continuous pipe or tube systems.

Be designed so that aligning guides and mnnector
pins are easy to engage and start efficiently to
ensure accurate engagement before the threaded
section makes contact.

f. SOLDERING, BRAZING, OR WELDING. Such methods
provide the securest connection, and are often tia moat
efficient way of securing small connection points or
maintaining hermetic seals. But such connections require
considerable maintenance time for connection or dis-
connection.

(1) Soldering should satisfy terminal post requirements.

(2) Welding and brazing should be used only for
connections that are very unlikely to require
disconnection.

(3) These mathods should never be used to aff=t con.
nection of lines or assemblies that may require
disconnection by line maintenance personnel.

g, WIRE-WRAPPING OR PIG-TAILING. Such ftlethOdS
are only useful for electrical connections and should ba
avoided because they raquire more maintenance time,
damage conductors, and do not provide reliable contact.

A
I Source Ref. a I

-’l

-’$

Exhibit 1.9.7 Example of s Wire-Wrap Connection

‘-l
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.n

(’-’f

1.9.4 SPECIFIC PRINCIPLES

1.9.4.1 ELECTRICAL CONNECTIONS

a. CONTACT. Inadequate electrical contact is an ever-
preaent source of intermittent faults. To achieve
adequate electrical contact:
,1, . .. . . . . ..

(2)

(3)

(4)

(5)

M

(7)

whenever posmer superior meulatmg rnaterlals,
corrosion-proof platirtgs, and moisture-proof con-
nectors should be used. If moisture-proof
connectors cannot be used, the connector case
should contain a drain bob. Vertical mounting of
connectors should be avoided.

To protect against corrosion, all parts and mating
surfaces of connectors should be coated with an
electrical lubricating compound. Metal parts of all
medium-, very-high, and ultra-high frequency (MF,
VHF, and UHF) connectors should be silver-
plated inside and out.

Insertion forces should be kept low to minimize
the possibility of damaging contact surfaces on
connector parts.

Contacts should be avoided which depend on
wires, lugs, terminals, etc. clamped between metal
and insulation. These contacts should be clamped
between metal members.

Both ends of static discharge lines and grouped
wires should be securely fastened. Alligator clips
should be used only for temporary grounding
or testing because they are fast and easy to use.
They should not be used for permanent grounding
because they may become inadvertently detached.

Spring contacts should be used which are

● Relatively long to avoid concentrating stress
and permit contact surfaces to wipe each other
clean ascontact is made.

● Made of beryllium copper where contact is to
be frequently stressed-copper is adequate for
most other purposes.

● Not stamped from flat metal-these tend to
resume flat shape after a number of flexings,

Contact surfaces should be plated with non-
tarnishing materials such as

● Gold–a perfect plating material but very
costly .

● Cadmium-satisfactory for most purposea.

● Silver-may be used wherever its tendency to
migrate in humid environments does not inter-
fere with circuit operation.

b. TERMINAL POSTS

(1) Loose or poorly arranged terminal posts requira
about three times as long to solder or connect than
adequately secured ones. Therefore, posts should
be located, constructed, and arranged so that

● They are accessible.

● A maximum of three wires will be attached to
a single post.

● Good electrical contact is assured.

. Posts will not loosen, rotate, or break with re-
peated usage.

●

●

●

Wkes can be repeatedly removed and replaced,
disconnected, and/or soldered without darrs-
aging or loosening the posts.

Adequate hand and tool clearances are pro-
vided for connection and disconnection.

Posts are far enough apart so work (particularly
soldering) on one terminal does not damage
neighboring connections, insulations, or other
parts.

(2) Solder type posts should, in addition, be designed
and mounted so that:

● They are completely plated with tin or silver.

● They are notched or provided with other means
for mechanically securing the wire prior to
soldering.

● The free end of the wire sticks out of the
solder and thus can be easily grasped with
pliers to facilitate disconnection.

● Supports are provided, where stranded copper
wire iS to ~ ,wldered, to prevent flexing where
the sttands are tinned together.

c. ELECTRICAL PLUGS. Plugs should be designed,
mounted, and installed so that:

(1) It is impossible to insert the wrong plug into a
receptacle or insert a plug the wrong way into a
receptacle. For exampla, plugs of different sizes
may be used for nearby connections; different keys
or alignment pins, and/or mlor+oded paint may
also be used on the plug receptacle to which it
belongs.

D......,

(Al NUMaEP4
IDENTIFICATION

(a] ~LOR cooE
INOENTIFICATION

Ri@t

~$kc’ea

(c) DIFFERENT (0) PAINTED STRIPES

‘L’G3Q
(El PIN ARRANGEMENT

SOumo Ref. 8

Exhlbh 1.9.8 Plug and %cwtacle Msntificstion Metfsods

(2) Each pin on each plug should be clearly identified,
e.g., number and/or letter identification.

(3) Quick-disconnect plugs or plugs that can be discon-
nected with usually no more than one turn should

1.9-5



1.0 ENGINEERED HARDWARE

be used rather then plugs with fine threads that
require numerous turns.

I LSE THIS NOT THIS 1

&-c4
(Al QUICK OISCONNECn ARE

PREFERABLE TO BOLT CONNECTORS

~m

~~ , , ,&w
Pus” m AM

TWEST10 cWNSCT

I [e) Tw15T-LDCK CONNEmOR {.) 12RIhfPm CONPJEmOR

1Source Ref. 8

Exhibit 1.9.9 Examples of OuickOkconnacf Phsgt

(4)

(5)

Plugs should be used in which the aligning pins or
keys extend beyond the electrical pins. This
arrangement protects the electrical pins from
damage through poor alignment or twisting of the
plug when it is partially inserted.

USE THIS NOT THIS

13mi#
I 8ource: Ref. 8

Exhibit 1.9.10 Example of Extended Alignment Guides

Symmetrical arrangements of aligning pins or keys
should be avoided so that plugs cannot be inserted
180° from the correct position.

uSE THIS NOT THIS I

I GU”IDE
PINS

GuIDE
PINS I

~ Ref. a I

Exhibit 1.9.11 Example of Asymmetrical Aligning Pin ArranWment

(6) Connactom should be located far enough apart
so they can be grippad firmly for connecting and
disconnecting. The actual space required will vary
with the size of the plug, with 2-5 inches between
plugs being minimum separation.

Seurem Ref. 8 I

Exhibit 1.9.12 Proper Arrmeement of Elsctricd Connectors

1.9-6

(7)

(8)

(9)

(lo)

Nhen a part can be removed for maintenance,
:ablas connecting the removable part with the rest
of the machine or system should have plugs and
receptacles that will disconnect before the cables
will break, particu lady if non-electronics personnel
do the removing. A jerk-open plug will separate
before any damage is done; a screw plug will not.

Plugs and receptacles should be used for connecting
cables to equipment instead of pig-tailing them.
Pigtailed connections are more cliff icult to rep lace.

uSE THIS NOT THIS

~*

!SouW. Ref. 8

Exhibit 1.9.13 Plug vs. Pig-TailingConnections

Plugs should be used with integral test points for
each input and output that cannot be easily
checked. Otherwise, an integral sliding cover for
the test points in the plug should be provided if
duet or moisture is a problem. As an alternative, a
test point adapter may be provided for insertion
betw& plugs and receptacles.

TEST NORMAL
PCMTION POSITION

pm

cOVER REMOVED TESTPDINTS ]
FOR TESTING EXPOSED

TEST
POINTS

I$+ba

PLUG AOAPTER RECEPTACLE

Sourco Ref. 8

Exhibit 1.9.14 Examples of Plugs With Intsgrel
Test Point or Test Point Adsptsr

Fewer plugs with many pins should be used rether
then many plugs with few pins. It takes about the
same amount of time to connect a plug with many
pins es it doas one with few pins.

L:.,,. .



1.9 CONNECTOR DESIGN FOR MAINTAINABILITY

(11)

(12)

(13)

(14)

(15)

(16)

(17)

1.9.4.2

Connectors should be used in which electrical
contacts cannot be shorted by external objects.

Receptacles should be “hot” and plugs “cold.”

Plugs should have a self-locking safety catch rather
than require safety wiring. If safety wiring is
required, holes and slots should bs designed for
most efficient and repid att=hment of safety wire.

Plugs and leads should be ensured not to transmit
stored charges when being disconnected.

Lead pins end plugs shouId be designed strong
enough to withstand rough use.

Individual power disconnects should be used to
permit power to be turned off in one part of the
system without disconnecting the entire system.

Power receptacles should be clearly labeled for
primary, secondary, or utility systems to prevent
injury to personnel or damage to equipment.

FLUID AND GAS CONNECTORS

a. Fluid and gas connectors should be located and installed
so that:

(1) Beckiw-off of the line or removal of other Corn.
ponents is not required to effect disconnection or
removal of related items.

(2) Draining, filling, or other maintenance involving
the connectors can be accomplished without
jacking up the equipment.

(3) Leekage tests can be performed easily and without
endangering the technician. Tests should be
planned so the technician does not have to insert
his heed into areas of extreme noise, vibration, or
other danger while the equipment is running.

b. Gaskets end seals used in connections of fluid and gas
lines should be selected and installed to:

(1) Be replaceable or have renewable wearing surfaces,
rather than require throw-away of the connector
when the seal is damaged or worn.

(2)

(3)

(4)

Be easily replaceable without removal of other con-
nector parts or disassembly of other equipment.

Be identifiable with part numbers so they can be
easily ordered and handled logistically; the job
instructions shouId specify the life of seals and
gaskets and recommend when they should be
changed.

Contain or provide features, where required,
which:

● Permit lubricant escape under conditions of
high pressures.

● Prevent Ieakege of fluid when disconnect is
made.

● Prevent air from entering disconnected lines
where such air would create maintenance
problems, es in hydraulic lines.

● Allow tightening to offset shrinkage, par-
ticularly of rubber sealsand gaskets.

c. Gaskets end sealsshould be used which:

(1) Are visible externally after they are installed, to
reduce the common failure to replace seals during
assembly or repair.

E
Exhibit 1.9.16 Example of Externally Visible Gasket

(2) DO not protrude or extrude beyond the coupling.
Protruding seals are chipped end shredded by
vibration or contact and the damage spreads
internal Iy to deetroy sealing power and deposit
pieces in the line. Tapered nylon or teflon washers
of appropriate size can be employed to prevent
extrusion.
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COVER, CASE, AND SHIELD DESIGN FOR MAINTAINABILITY 1.10 ‘r ~

1.10.2 DEFINITION

Covers, cases, and shields refer to all protective and
from damage during shipping or during operation
necessaryto use, covers, cases,and shields should:

a.

b.

c.

d.

e.

Maintain the degree of enclosure required by
protection or contol.

packaging devices which guard equipment
and maintenance on the job site. When

structural, operational, or environmental

Divide enclosures into sections which differ because of temperature or ventilation control,
types of cleaning methods to be used, etc.

Protect personnel from coming into contact with dangerous electrical or mechanical parts.

Protect moving pa~, fuels, lubricants, etc. from dust, dirt, moisture, etc.

Protect delicate or sensitive equipment from damage by movements of personnel, shifting of
cargo of loose objects, or actions involved in the installation and maintenance of nearby
assemblies.

1.10-2
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1.10.3 GENERAL PRINCIPLES

1.10.3.1 GENERAL DESIGN REQUIREMENTS. Covers,
cases,and shields should be designed and evaluated based on:

a.

b.

c.

d.

e.

f.

The degree to which they contribute to or datrect
from the speed end ease with which required mainte-
nance is performed. (Refer to Guidelines for Equipment
Accessibility, 1.4.)

The manner in which they are fastaned. (Refer to
Guidelines for Fastener Design, 1.1 1.)

Their size, weight, and ease of handling. (Refer to
Guidelines for Engineering Anthropometry, 3.1)

Provisions for handles or tool grips. (Refar to Guidelines
for Handle Design, 1.13, and Tool Design, 2.3.)

Work space and clearenca around them, (Refer to
Guidelines for Workspace Design, 2.1.)

The frequency with which they must be opened or
removed (in terms of the reliability and maintenance
requirements of the enclosed components).

1.10.3.2 SIZE REQUIREMENTS. Covers, cases,and shields
should:

a.

b.

c.

d.

e.

f.

9.

Be lightweight, if possible, but allow the degree of
accessibility required.

Be openabla, removable, and transportable by one
hand, one individual, or, et most, two individuals, in
that order of preference.

Be provided with lifting eyes and planned for crane
handling if more than 100 Ibs.

Be provided with handles or tool grips if heavy or
difficult to open or move.

Allow sufficient clearance around enclosed components
to minimize damage to these components end to avoid
requirements for extremely fine or careful positioning
end handling.

Be designed and located so that bulkheeds, brackets,
or other units will not interfere with operation of the
cover or case and so the cover or case, when opened,
wil I not interfere with other maintenance operations.

Be designed for ease of use, in terms of equipment
accessibiIity for maintenance. (Quick release and con-

nection covers, cases and sheilds, should be used with
equipment that is frequently tested or adjusted.)

1.10.3.3 SHAPE REQUIREMENTS. Covers, cases, and
shields should:

a.

b.

c.

d.

e.

P

Be whatever shape is necessary to accomplish the degree
of enclosure, allow the degree of accessibility, and
provide the clearances required.

Make obvious, if possible, the manner in which the item
must be positioned or mounted.

Make obvious, if possible, the orientation of encloeea
delicate components, to minimize damage to these
during removal.

Be free from sharp edges or protrusions which could
injure parsonnal or damage lines and wires.

Be free of indentations or settling areas on top surfaces,
to reduce rust, corrosion, and the accumulation of dirt
and grease.

1.10.3.4 MOUNTING REQUIREMENTS. Covers, cases,
and shialds should be designed, located, and mounted so
they

a.

b.

c.

d.

e.

f.

/:-,,

9.

Do not bear any part of tie structural load. It should
not be necessary to suppo~, download, or disassemble
any equipmant to remove the item.

Are completely removable and replaceable in case of
damage. Irregular axtensions end accessories should
be readily removable.

Can be opened or removed es necessary when the
equipment system is completely assembled and auxiliary
equipment has been installed.

Do not cause the equipment to become unbalanced
whan opened. Props, retainers, or other support should
be provided where required to prevant th is.

Do not obscure or interfere with controls, displays, test
points, or connections related to work within the access
or enclosure, when in the open position.

Are provided with adequate stops and retainers to
p~eyent them from swinging into or being dropped on
fragile equipment or personnel.

Are provided with locking devices or retainer bars to
lock them in the open position if they might otherwise
fall or shut and cause damage, injury, or inconvenience.
This is particularly necessary for doors, covers, and
shields which may be used in strong wind conditions.

1.10.3.5 FASTENER REQUIREMENTS. Fasteners for
covers, cases, and shialds should be selected, applied, and
mounted so that:

a.

b.

c.

d.

e.

f.

Thev oMimallv setisfv the acmlicable Guidelines for
Fastener Design for M&taina&~ty, 1.11, requirements.

Maximum use is made of hinges and latches or catches
to minimize the number of fasteners and requirements
for handling and stowing covers and cases,

Fasteners for a given item or identical items are inter-
chm~able, i.e., are the same type, size, diameter, and
pitch of thread.

Fastenem align themselves with their retaining catches,
nuts, blocks, or inserts without sticking and without
damage to their threads or latches.

The cover or case will not open or loosen automatically
under whetaver stress, vibration, or other conditions
are expectable.

It is otiIous when a cover or case is not in place or
securely fastened. Whare possible, fasteners” should
be spring-loaded so they stand out or tha cover itself
stays ajar when not secure.

1.10.3.6LA6ELING REQUIREMENTS. Labels end mark-
ings on covers and casesshould be provided which:

a.

b.

c,

Provide opening, removal, or positioning instructions,
if methods for accomplishing these are not obvious
from the design.

Provide stock references so that covers, cases, and
shields can be replaced when damaged.

Adequately reveal the functions of units behind the
enclosure and/or the functions which are to be per-
formed through the access, such as “Battery,” “Fuel
Pump:’ “Oil Here;’ etc.
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d. Adequately warn against dangers or hazards involved
in removing the cover or case or working within the
enclosure.

e. Provide the proper orientation or connection of units,
service equipments, etc. to go through the opening, if
this is not clear or visible.

f. Do not provide instructions, such as preventive mainte-
nance insVuctions, which are subject to revision or
chmge.

g. Do not provide instructions which will be required but
will not be visible when the cover, door, or case is
open. Such instructions should be placed in a visible
location on the structure behind or to the side of the
access.

1.10.3.7 TYPES OF COVERS, CASES, AND SHIELDS

a. HINGED DOORS, HOODS, AND CAPS. The use of
hinges allows tha fastest and easiest access, reduces the
number of fasteners required, supports the cover so the
technician doas not have to handle it, and makes it un-
necessary to disconnect wires or components mounted

on the cover before entering the access. This type of
cover, however, requires “swinging space,” and may
interfere with other operations or components.

b. SLIDING DOORS OR CAPS. Large sliding doors may
create structural design problems but are particularly
useful where “swinging spacer’ is limited. Small, sliding
caps are particularly useful for small accesses that do
not require a close seal.

C. REMOVABLE DOORS, PLATES, OR CAPS. Thaaa
require little space for opening and, once removed, do
not interfere with work space; however, their handling
requires time and effort (searching, bending, reaching,
etc.).

d. REMOVABLE PANELS OR SECTIONS. These are
useful to allow access to whole sides of a cabinet or
equipment. They discourage non-maintenance personnel
from opening the access.Thay do not require “swinging
space.” However, they may be damaged easily and may
be awkward to handle. They may also interfere with
maintenance activities.

‘-’?
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1.10 COVER, CASE, AND SHIELD DESIGN FOR MAINTAINABILITY

1.10.4 SPECIFIC PRINCIPLES

1.10.4.1 HINGED DOORS, HOODS, AND CAPS

a.

b.

c.

d.

e.

Double-hinged or split doors should be used if opening
space is a problem.

Hinges should be placed on the bottom; biased; or a
prop, catch, or latch should be provided if the door
is to stay open without being held.

Adjacent hinged doore should open in opposite di-
rections to maximize accessibility, and cabinets should
be arranged so tftat functionally related cabinets are
adjacent and open in opposite directions.

Hinged caps over service or test points should be de
signad not to interfere with the insertion or attachment
of service or test equipment.

Storm, retainers, etc. shouId be provided when needed
to prevent the door from awinging into adjacent displays,
controls, or fragile components, and to prevent springing
the hinges.

1.10.4.2SLIDING DOORS AND CAPS

a.

b.

c.

d.

Sliding doors and caps should lock positively.

They should be designed to woid jamming or sticking.

They should be easy to use and should not require tools
for operation (unless limited or restricted access is
intendad).

Their movement should not interfere with, damage, or
have the potantial for harmful contact with wires or
other equipment items.

1.1OA.3 REMOVABLE DOORS, PLATES, AND CAPS

a. Maximum use should be made of tongue and slot or
similar catches for small plates, doors, and caps to
minimize the number of fasteners needed.

USE THIS NOT THIS

mm
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Exhibit 1.10.1 Example of Tongue and Slot Cover

b. Small plates and caps thet are likely to be misplaced
or damaged should be secured with retainer chains.

c. If a removable plate must be attached in a certain way,
it should be designed so that incorrect attachment is
impossible, e.g., an asymmetric plate shape should be
used, mounting holes should be located asymmetrically,
or aligning labels should be used.

1.1OAA REMOVABLE PANELS OR SECTIONS

a. Panels intendad for ramoval should be held with a
minimum number of combination-head captive fasteners;
apringloadad, quarter-turn fasteners are recommended.

b. Thasa fasteners should show position when they are
released, i.e., release should ba clear before panel is
moved.

1.10-5

c. Panels and sections should be removable, carriable, and
installable by one technician using common hand tools.

d. Panels and sections should be provided with handles to
facilitate removal, handling, and replacement.

e. It should not be necessary to disconnect wires, com-
ponents, etc. from panels before they can be removed.
If such items are attached to the panel, they should be
hinged to make removal unnecessary.

1.10.4.5 CASES. Casae should be designed, selected, and
mounted so that:

a. They are lifted off units, rather than units lifted out of
cases, particularly when heavy units are involved.

USE THIS NOT THIS

b.

c.

d.

e.

f.

9.

Exhibit 1.10.2 Example of Lift-Off Case

They are sufficiently larger than the units they cover to
expedite removal and replacement and prevent damage
to wires or other components during removal or replace-
ment.

Guidepins and tracks are provided as necessary to help
align the case, prevent it from cocking or binding, and
prevent damage to delicate or sensitive components
during movement of the case.

Access is provided, where feasible, to frequently used
adjustment, test, or service pointa, so that the case
need not be removed in routine maintenance.

All maintenance-significant aspects and portions of the
unit are fully exposed when the case is removed.

Adequate mounting or locking devices are provided
and the unit is secure while the case is being moved,
particularly if the unit is to be detached from the
bottom of the case.

Rubbar stripping or other sealing material is selected
and mounted so it will not be damaged or jam when
tha case is moved.

1.10.4.6SHIELDS. Shields should:

a.

b.

c.

d.

e.

f.

9.

Employ light-weight material.

Allow rapid and aasy installation, removal, transporta-
tion, and storage.

Provide handles and tool grips as necessary to facilitate
handling.

Minimize the possibility of damage to Ma equipment
during installation, removal, or other operations related
to the shield.

Avoid or minimize permanent fixtures on the equip-
ment as a consequence of the shield, e.g., mounts, safety
features.

Permit performance of maintenance functions without
removal of the shield; for instance, radial engine shields
should permit cranking while the shield is in position.

Ba mounted in a manner that does not interfere with
tha operating characteristics of the equipment.
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ENGINEERED HARDWARE 1.0

FASTENER DESIGN AND APPLICATION FOR MAINTAINABILITY 1.11

1.11.2 DEFINITION

Fastener refers to a device used to join two or more parts, components, or units together.
Fasteners include:

a. Quick disconnects.

b. Latches and catches.

c. Captive fasteners.

d. Combination head-bolts and screws.

e. Regular screws.

f. Internal wrenching screwsand bolts.

g. Rivets.

Each device has certain advantagesfor particular applications.

n,

-’l
1.11-2



1.11 FASTENER DESIGN AND APPLICATION FOR MAINTAINABILITY

1.11.3 GENERAL PRINCIPLES

1.11.3.1 Fasteners should be selected and evaluated baaed
on:

a. Durability.

b. Eeae of operation.

C. Speed.

d. Ease of replacement.

1.11.3.2 Design, selaction, and application of fasteners
should consider the following:

a.

b,

c.

d.

e.

f.

Stress and environmental factors the fastenem must
withstand.

Work space, tool clearance, and wrenching space around
the fastener.

Types of tools required for operation of the fastener,
as a function of fastener type, application, and location.

Types and varieties of fastenera bs4ng used elsewhere
in the system, or commonly used by the using utility.

The frequency with which the fasteners wil I be
operated.

The time requirements of tasks involving operation of
the fasteners.

1.11.3.3The number of types and sizes of featenem used
within a system should be minimized.

a.

b.

c.

d.

e.

f.

The same type and size of fastener should be used for
the same application (e.g., all mounting bolts for a
given type of item).

screws, bolts, and units of different thread sizes should
be clearly different in physical size or shape of the head
to preclude being interchanged.

Requirements for special or close tolerance fasteners
should be avoided.

The number of different torque requirements used
within a system should be minimized.

(1) Only a few basic values should be used.

(2) These values should be keyed to clearly differing
types, sizea, or coded fasteners.

(3) Where precise torquing is required, clearance
shouId be provided for wrenches or sockets with
variable torque settings.

The number of tool types and sizes that are needed for
fastener operation should be minimized.

The ease of use, in terms of equipment accessibility

a.

b.

,n c
d.

for maintenance. (Quick release and connection fasten-
ers should be used with equipment that is frequently
teeted or adjusted.)

1.11.3.4Festenars should be fabricated of specific
materials.

Fasteners shouId be made of corrosion-resistznt
materials (e.g., stainless, galvanized, cadmium-coated,
non-ferrous).

Fasteners should not use aluminum alloy threaded into
aluminum alloy parts.

Fasteners should not be the cause of galvanic action
(e.g., a titanium fastener used with magnesium would
cause galvanic corrosion).

Fastenera should be metallic where high tensile or

1.11.3.5 Ease of replacing stripped, worn, or damaged
fasteners should ba a design consideration. Fasteners which
are part of a unit’s housing should be avoided.

uSE THla NOT THIS

W:,,,M

Swrco Ref. a 1

Exhibit 1.11.1 Exampleof Properand Improper Dasien of Bolt Fastener

1.11.3.6 The number of fasteners and fastener parts should
be minimized.

1.11.3.7 The use of hinges, catches, latches, and quick
disconnect fastenera should be maximized to reduce the
number of fastenera required,

1.11.3.8 A few large fasteners should be used rether than
many smaller ones (except where many are needed to main-
tain a fluid or air-tight seal).

1.11.3.8 No more than four fasteners should be used to
mount a unit. (A common fault is to use too many fasteners
when a more rigid construction is preferred.)

1.11.3.10 Fasteners should be mounted so that

a.

b,

c.

d.

Fastener mounting holes or other tolerances are large
enough to allow “starting” of fasteners without perfect
alignment.

Hinges, catches, latches, locks, and other quick dis-
connect devices are attached by means of smalI bolts or
screws, not rivets.

Bolts are mounted with the head up so they will stay in
position if the nut falls off.

Nuts and bolts (particularly those which are frequently
operated or poorly accessible) are mounted so they can
be operated with one hand or one tool by:

JI ) Providing recesses to hold either the nut or bolt.

(2) Semi-permanently attaching either the nut or
bolt.

(3) Using double nuts on terminal boards and similar
applications.

(4) Usin9 nut plates, gang-channeling, or floating nuts.

1.11.3.11 Fasteners should be located so they:

a.

b.

c.

d.

e,

Can be operated without prior removal of other parts or
units.

Can be opereted with minimum interference from other
structures.

Do not interfere with each other or other components.

Do not constitute a hazard to personnel, wires, or hosee.

Are surrounded by adequate hand or tool clearance for
easy operation.

1.11.3.12 Fasteners should be coded so that:

a. All external fasteners which ara manipulated during
normal maintenance provide strong color mntrest with
the color of the surface on which they appear.

b. All other external fasteners and assembly screws are
shear strength is required. of the same color as the surface on which they appear.

1.11-3



1.0 ENGINEERED HARDWARE

c. The heads of “special” bolts and screws are color- or e. Fastener markings areetched orembosaad towithstend

stamp-coded to ertsure that they are properly handled exposure to chemicals, fuels, weather, or other oper-
and are replaced by identical fasteners. etional conditions. ‘?

f. One fastener marking code is used throughout the

d. Only merkings which designate thesize, type, or torque system. This code should redetermined and standard-

value of the fastener are used. Manufacturers’ names or ized aheed of time, and it should conform topnwailing

trademarks shouId be omitted. standard practices.

1.11-4



1.11 FASTENER DESIGN AND APPLICATION FOR MAINTAINABILITY

1.11.4 SPECIFIC PRINCIPLES

1.11.4.1 WICK RELEASE FASTENERS (COWL OR
PANEL FASTENERS). Thasa are fast and easy to use,
require no tools, may be operatad with one hand, and are
very good for securing plug-in components, small com-
ponents, and covers. Howaver, their holding power is low
and they cannot be usad where e smooth surface is required.

. Thasa fastenem:

a.

b.

c.

d.

e.

f.

Should be carefully evaluated on the basis of type and
application.

Should be usad wherever possible for components that
must be frequently dismantled or removed.

Should fasten and release easily, without the use of
tools.

Should featen or unfasten in a maximum of one com-
plete turn.

Should be otiIous when they are not correctly engaged.

Should be located, shaped. sized. or coded so that onlv
the correct male s&tion maybe attached.

I 1 / I I
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Exhibit 1.11.2 Examplesof Ouick.Release Type Fasteners

1.11.4.2 LATCHES AND CLAMPS. These are very fast and
easy to use, raquira no tools, have good holding power, and
are especially good for large units, panels, covers, and cases.
They cannot be usad where a smooth surface is required.

a. Long latch catches should be provided so that accidental
springing is minimized.

uSE THIS NOT THIS

buresx Ref. 8

Exhibit 1.11.3 Example of Effective Latch Catch Fastener

b. Latches and catches should be Iocatad and positionad
so they will not open accidentally under usual operating
conditions.

USETHIS NOTTHIS I

6ousm Ref. 8 I
Exhibit 1.11.4 Example of Effective Positioningof Latches

c, Catches should be spring-loaded so they do not require
positive locking, but lock on contact.

, SOUW Ref. 8

Exhibit 1.11.5 Example of Ouick-ReleaseClamp

d. A latch loop end locking action should be usad if

positive locking is necessary to meat structural or stress

requirements.

e. If a handle is used in conjunction with the latch, the

latch relem should be located on or near the handle so
that only one hand is needed for operation.
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Exhibit 1.11.6 Example of Clamp RequiringOne Hand Operation

1.11.4.3 CAPTIVE FASTENERS. Thasa are slower and
more difficult to use (depending upon type), and require
use of common (usually) handtools; but they stay in place,
swe the time spent handling 8nd looking for bolts emd
screws, and require only one-handed operation.

a.

b.

c.

d.

Captiva fasteners should be used wherever lost screws,
bolts, or nuts might cause a malfunction or excessive
maintenance time.

Only fasteners which may be operated by hand or
common handtools should be used.

Only fasteners which may be easily replaced in case of
damage should be used.

Self-locking, spring-loaded action ehouId be provided
on captive fasteners of tha quarter-turn type.

1.11-5
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SLIPRING

Source Ref. S

Exhibit 1.11.7 Example of Captive Fasteners

1.11.4.4 COMBINATION HEAD-BOLTS AND SCREWS.
These should be used in preference to other screws or bolts
simply because they may be operated more repidly with
either a wrench or a screwdriver. This allows use of the
more convenient tool and reduces the possibility of slot
damage and stuck fasteners. In general, slotted, hexagonal
heeds are preferable to knurled end slotted heads.

USETHIS OR THIS NOT THIS

-p Q

aowcwRef. S

Exhibit 1.11.8 Examples of Combination Head Bolts
md Screws snd Slotted Hexagon Screws

1.11.4.5 REGULAR SCREWS. Round, square, or flat-
headad screws requira more time and are more subject to
10ss, slot damage, stripping, and misapplication than the
above; but thay require lass wrenching space, only one-
handed action to operate, and do not involve a number of
extra parts. Square-heeded screws ara generally preferable to
round or flat since they provide better tool mntect, are less
subject to slot damage, and may be removed with pliers.

a.

b.

c.

The number of turns required to tighten or loosen a
screw should be lessthan 10.

When tightened, the screw must fully engage to a
distance at least equal to its diameter.

Deep slots should be provided on screw heads to min-

imize slot damage and tool slippage.

USETHIS NOTTHIS

57?

d.

e.

Exhibit 1.11.9 Example of Oesp-Slotted Screw Heeds

Screws should be used only when screwdrivers may
be used in a straight-in fashion.

Use of offset screwdrivers should not be required.

1.11-6

f.

9.

h.

i.

j.

If a screw must be operated blindly, a tool guide should
be provided in the assembly.

Fine thread screws are recommended for pressurized
units.

Countersunk screws should beuaad only where necessary
to provide a smooth surface.

Round-heed rather than flat-heed screws should be
used on panels lass than 3/32 inch thick, to prevent
screws from ripping through the panel.

Self-tapping screws should have one type of head
and be of one size, where feasible, or a minimum
number of sizes.

1.11.4.6 BOLTS AND NUTS. Bolts are usually slow and
difficult to use. They require two-handed operation, eccass
to both ands of the bolt, and often use of two tools. They
also require precise movements in starting nuts and have
many loose parts to handle and lose (nuts, washers, etc.).

a. BOLTS.

(1) Bolt length should not be more than required for
a given purpose.

USETHIS NOT THIS
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Exhibit 1.11.10 Example of AppropriateBolt Length }

(2) Bolt threads should be no finer than strength
requirements dictate.

(3) The number of wrns to tighten a bolt should
be leasthan 10.

(4) When tightened, the bolt should extend a mini-
mum of two threads beyond the nut.

(5) Hexagonal-head bolts should be used generally,
and especially for high torque usages.

(6) Left-hand threads should be used only when
stress conditions require; and both bolts and
nuts should be clearly identifiable by marking,
ahape, or color.

(7) Self-1ocking bolts (in tapped holes) should be

used only when one surface must be smooth or
is inaccesaible and temperatures wil I ba below
250° F.

b. NUTS.

(1) Regular hexagonal nuts are preferred, in a few
easily distinguishable sizes.

(2) Differant sizes of nuts should ba used for different
thread requirements.

(3) Wing or knurled nuts, which require no tools,
should be used for low tension applications. Wing
nuts are the easier to use.

(4) Salf-sealing nuts should be used for fastening
equipment to fluid tanks to prevent leaking around
fastener.
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Exhibit 1.11.11 Exsrnple of Sslf-Bealing Nut

(5) Lock nuts may be used for mounting light compo-
nents; but they must withstand heat-rm-uirements.
and cannot be used where fallen nuts could damati
equipment.
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BourcexRef. 8

(6)

(7)

Exhibit 1.11.12 Example of Lock Nut

Clinch nuts should be incapable of rotating or
moving with respect to the surface on which they
are mounted.

r 1

L!!!!?JSource Ref. 8

Exhibit 1.11.13 Exmwle of a Clinch Nut

F Ioating nuts shouId have an allowable shift of
only plus or minus 1/16 inch.

@1
8wrcw Ref. 18 I

Exhibit 1.11.14 ExmPk of FlostirrgNut

1.11.4.7 INTERNAL WRENCHING SCREWS AND BOLTS.
These allow higher toque, better tool grip, and lass
wrenching space. However, they are easily damaged, diffi-
cult to ramove when damaged, and require special tools.

a. The number of different sizes should be minimized to
require only one, or as few as possible, tools.

b. Slots should be deep, to eliminete damage to the
fasteners.

c, Design should allow and plan for the removal of damaged
internal wrenching fasteners in terms of clearances,
power outlets, etc.

%

~
INTERNAL

WRENCHING
BOLT

/

D
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@

INTERNAL WENCHING NUT
(RECWJIRES SPECIAL TOOL)

, Jrnrrce Ref. 8
A

Exhibit 1.11.15 Exsmpleof Internal
WrenchingBolt snd Nut

1.11.4.8 RIVETS. Permenent fasteners are hard and slow
to remove and replace; they should not be used on any part
which may require removal. Wire stapling or metal stitching
is generally preferable to rivets for maintenance purposes.

a.

b.

c.

d.

e.

Rivets should not be used on latches, hinges, or retainers.

Rivets should be of softer material than the pieces they
fasten.

The heads of countersunk rivets should be Ierger than
the thinnest of the pieces they fasten, to prevent them
from ripping through.

Shear rivets do not expand to fill the hole, so holes must
be drilled to close tolerances. Maintenance instructions
should specify these tolerances and the sizes of plug
gaugesand reamers to be used.

For minor maintenance of light components, rivets
which expand by chemical charge rather than by peening
shouId be used. These rivets expand when heat is
applied to a chemical charge contained within the rivet.
Rivets are especially useful in blind applications.

I I

Sow% Ref. 8 I

Exhibit 1.11.16 Example of Chsmicsl Charge Rivet

1.11.4.9 FASTENER ACCESSORIES

a. WASHERS.

(1) Washers should fit tightly against the underside of
the fastener head.

(2) Washers should fit the shaft snugly, but should be
easy to remove.

(3) Split-ring lock washers should be used with static
loads in excess of 2 oz.

1,11-7
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{4) Lock washers should be used with lock nuts,
for maximum locking action.

b. METALLIC INSERTS AND BLOCKS. These should be
secured so that tightening of the screw or bolt will not
loosen or move the insert or block.

(1) Gang-channeling of nuts can save time in handling
many nuts when they are in a straight line. Only
channels should be used in which nuts can be
replaced individually.

SourceRel. 8 1

Exhibit 1.11.17 Example of Gane_Chameled Nuts

(2) Nut-plates are heavy and expensive to replace when
a hole is stripped, but they may be used when
several bolts are to be fastened on one surface and
alignment is not problem.

c. COTTER PINS AND KEYS.

{1) Keys and pins should fitsnugly, but should not
require driving in or out.

(2) Heads of cotter keys should be large, to facilitate
removal end prevent the keys from slipping
through.

I USETHIS NOT THIS 1

@@

Source Ref. 8 I

Exhibit 1.11.18 Example of Adequate Size Cotter Key Heed

d, SAFETY WIRE.

(1) Safety wire should be used only when self-locking
fasteners or cotter pins are not adequate to with-
stand the expected vibration or stress.

(2) Safety wire should be attached so it can be easily
removed and replaced.

(3) Sefew Wire should be used where visible means of
detection is required to determine if a fastener has
become loosened or has changed position.

e. RETAINER RINGS.

(1) Only rings which may be removed and replaced
easily when worn should be used.

(2)

(3)

Rings which hold with a positive snap action
should be used when possible.

Spring tension should be used to prevent loosening
or unlocking of twist-to-lock rings.

I 1

T+ RETAINER FITS HERE

source! Ref. 8 I

Exhibit 1.11.19 Example of Retainer Ring

f. RETAINER CHAINS.

(1)

(2)

(3)

(4)

(5)

(61

(7)

Only link, sash, or woven-mesh type chains should
be used. Bead-link chain is not recommended
because it breaks more easily than other types.

Chains should be attached with screws or Idte;
attachment should be strong and positive, but
easily disconnected when required.

Eyelets should be provided at both ends of the
chain for the attaching fasteners.

Chains to filler caps should be attached externally
rether than internally to facilitate replacement
and prevent broken parts from damaging equip-
ment.

Chains should not be used wherever they might
interfere with moving parts.

Chain covers, where required to prevent chains
from becoming tangled, should be flexible, durable,
and easy to bend.

Retainer chains or locking bars should be used to:

Keep hatches or doors from opening tm far

and springing their hinges.

Turn doore or covers into useful shelves for
the technician.

Prevent smalI covers, plates, or caps from being
misplaced.

Secure small, special tools to the location in
which they will be used.

Secure objects which might otherwiw fall and
cause personnel injury.

I I

Source Ref. a I

Exhibit 1.11.20 Example of Retainer Chain
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ENGINEERED HARDWARE 1.0

DRAWER AND RACK DESIGN FOR MAINTAINABILITY 1.12

1.12.2 DEFINITION

Drawers and racks refer to pullout, roll-out, slide-out, or hinged equipment assembliesdesigned
to:

a. Optimize work space, tool clearance, and accessibility.

b. Reduce the need for the technician to handle fragile or sensitive items.

c. Facilitate the handling and/or positioning of heavy or awkward items,

d. Facilitate the maintenance of items which must be frequently moved from their installed
positions for checking, servicing, or repair.

f--l

1.12-2



1.12 DRAWER AND RACK DESIGN FOR MAINTAINABILITY

1.12.3 PRINCIPLES parts during movement of the assembly, drawers and recks
should ba provided with guards and shields as necessary,

,=% 1.12.3.1 Drawers end recks should require a minimum
number of operations to open or release them. 1.12.3.8 Rests, limit atoPs, guards, and/or retaining devices

should ba provided as part of the basic chassis.They should:

,P

1.12.3.2 A force of less than 40 Ibs, should be required to a.

open and release drawara and recks. b.

1.12.3.3 A smooth operating bearing assembly should be
c.

used, as needed. d.

1.12.3.4 Drawers and recks should lock automatically in
both servicing and operating modes.

1.12.3.5 Handles should be provided on drawers and recks,
when nacesaary, to facilitate operation and handling.

1.12.3.6 Assemblies should be accessible without breaking
internal connections which are necessary for required
maintenance.

1.12.3.7 To prevent possible damage to fragile or sensitive

Prevent the assembly from being dropped.

Prevent heavy assemblies from tipping the equipment.

Allow complete and convenient removal of tha assembly.

Allow the assembly to open to its full distance and
remain open without being held.

1.12.3.9 If internal connection is not required for mainte-
nance, connectors to the drawar or reck may be attached to
the assembly so that closing the assembly establishes con-
nection. This requires:

a. Connector parta to be mounted on the assembly’s rear
wall.

b. Locks to ensure that the connectors remain engaged.

c. Guides to ensure proper orientation of the assembly
prior to pin engagement.

d. Insulation to the connectors, as needed, for safety,

(a) ROTATAaLE HAROWARE

w●. :@.-
(A) ROLL.OUT HAROWARE

ACCESS 70 eon+ SIDES

iC) SLIDEOUT ORAWER HINGEO

Swrca Ref. 8
00WN FOR EASE OF ACCESS

Exhibit 1.12.1 Exm’rPles of Drawer md flsck %dw for Main~in~l@
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ENGINEERED HARDWARE 1.0

HANDLE DESIGN FOR MAINTAINABILITY 1.13

1.13.2 DEFINITION

Handles refer to means for grasping removable or replaceable units. Handles should be provided
on all packages, units, componenk, and covers whenever these items are handled frequently,
difficult to carry, hold fragile components, or weigh over 10 Ibs.

1.13-2



1.13 HANDLE DESIGN FOR MAINTAINABILITY

/-’

1.13.3 PRINCIPLES e.

1.13.3.1 FACTORS INFLUENCING HANDLE DESIGN
The size, location, and positioning of handlea depends f.
upon:
a. Weight and center of gravity of tha item or unit. 9.

b. Number of persons, or hands, tequired to lift or carry
the item.

h.

Manner in which the item is to be handled or po-
sitioned.

Distance over which the item must be carried.

Frequency with which the item must be handled or
carried.

Additional usesthe handles could ewve.

c. Type of clothing end gloves worn.

d. Operational position of the item relative to other 1.13.3.2 TYPES OF HANDLES WITH THEIR

items. DIMENSIONS

DfMENSIONS W mm (in -}

lUUSTRATfON TYPE OF
HANOLE {Bare Ned) (Gfoved Hendl (Mmtaned Hand)

Xvz Xvz Xvz

•~

P

,lwfi~r bar 325575 a 7s 7s No! AppSiaeble
‘1-lmalm m (14/2} 0) al

>>
Orra-flarrdbar 48 111 76 50 125 100 75 135 150

1.7/w4.3/D) (3} (2) (5) u) t3) *1/4) *)

<, >=l.’ Twwhend br 48 21s 75 50 270 lW 75 250 150
11.7m}*l/2) (3) (3) {101/3) (41 al (11) w

,A

%

< Lo

T.ber 35 100 75 w 115 100 Not Appliabk

4,’ ‘
1.1/3) 64) 9) m f41/2) u)

Y

●

?

4

,A

Y J-bar

<1

50 lW 75 50 115 lW 75 125 150

~<
u) (4) B) (2) 14+21 U) (3} 6) w)

* ~

Not ApplimtSe
o ‘*.f’- “- A&2% : (1%2)z) E

,% One-handremse w 1*o m w 1% lW w 135 125

~’y’< (2) (4114) bin) tw2mt4) u} Bli2)*l/41 (5)

h ‘? .
Finger-tip mass - 13 - Is Not Appliaeble

$.-
(&

w

(1/3) t) (3/4)

-., ;*. . Oste-fii mass 32-M -50 Not A#l-ble
(1-1/4) 12) [?1/2) w

-turn of Handle
or Edse weight of Item Minimum Diameter

)OES NOT
~ S0 6.8 kg (UP to 15 ibe) D.trnrnf!! in} Grippinq cffieiemy ie &at

RECLUOE
&Bto*Okg 115s0 201bd 0.13 mm(% its) if fm~t een awl ●round
S0 to 10 kg {20 tO 40 Ibd D.19mm {~ in) hendfe or* to ●nv

BE OF Ower 18@ Iovw 40 lbs! 0.25mm(lirr)
VAL HANDLES) t~u Post T-13mm [% in)

endeo+radllw)
as mm.

wrce Ref. 11

Exhibit 1.13.1 Minimum Dimensionsfor Various HwsdleDee@s
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1.0 ENGINEERED HARDWARE

1.13.3.3 HANDLE DESIGN RECOMMENDATIONS

a.

b.

c.

Handles that must be gripped firmly should be at least
4.5 inches wide and 2.0 inches deep.

Single handles should be located over the canter of
gravity of the unit. When two or four handles are
required, they should be placed at equal d istances from
the canter of grwity.

Sotmx Ref. 8
.-.

Exftibit 1.13.2 Handle Locetionfor ESSyCwrying

Covers should be providad with handles to facilitate
removing them and also for carrying the unit.

USE THIS NOT THIS

aourowRef. 8

Exhibit 1.13.3 Hmdie Losationfor Coversmd Carrying Units

d. Handles should meat the following lifting criteria:

e.

f.

9.

h,

i.

I Weieht Hmdle Fineer Hendle
To aO Dbrrwter :l;- Wdth
Lifted (in.) {in.)

Under 25 lb 0.25 -0.5 2 4.5
Owr 26 lb 0.5-0.75 2 4.5
Lifted by
Gloved !-hod 2.5 5

rew Ref. I

Exhibit 1.13.4 Lifting Criteria for Handi~

Unita weighing more than about 25 to 40 tbs. (de-
pending on the size and bulkiness of unit) should be
provided with handles for two-person carrying. For
units weighing more than 100 to 150 Ibs. (depending on
size and bulkiness of unit), suitably labeled hoist eyes
should be provided.

Handles should be comfortable and easy to grasp.
When units must be frequently carried for long periods
of time, a molded handle should be used to prevent size
pressure on the fingers.

Recessed grips should be provided near the back of
heavy unite to facilitate handling. Recessed, concealed,
or folding handles may be used to conaewe space, but
they must be accessible without toole and folding
handles must remain securely folded when not in use.

Handles should be acfuirmad with quick-raleasa pins to. .
make them easier to insert and remove.

I

Exhibit 1.13.5 Handle Equipped With Quick-Release Pins

Handles may be used for the withdrawal and handling of
printed circuit boards.

Handles may be usad to fulfill a variety of supplemental
functions.

1.13-4



1.13 HANDLE DESIGN FOR MAINTAINABILITY

P

,/-’?

m,:3 a
Q(II

2

. ...-. . ..——..
enm.eca-stnecmef-k
●~,

!3eurw Ref. 8

Exhibit 1.13.6 ExemPIeeof Hades fOr WWrmiW ~ln~ ~~uit ~~

Seuro. Ref. 8
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FACILITY SUPPORT 2.0

WORKSPACE, STORAGE, AND REPAIR ‘=?
FACILITY DESIGN FOR MAINTAINABILITY 2.1

2.1.2 DEFINITION

Workspace, as used in these guidelines, refers to the locations within a DOE nuclear facility
where maintenance, storage, and repair operations are performed.

-’l
2.1-2



2.1 WORKSPACE, STORAGE, AND REPAIR FACILITY DESIGN FOR MAINTAINABILITY

2.1.3. GENERAL PRINCIPLES b.

p 2.1.3.1 Workspace should allow the technician to change c.

posture if the maintenance task being performed requires
prolonged kneeling, crawling, or crouching.

d.
2.1.3.2 To assist the technician in performing the required

Auxiliary stands/shelves built into equipment to support
test equipment, ramovable units, or items to be repaired.

Lattice work, low cabinets, mirrors, open space, etc. es
necessary to allow observation of related displays,
moving parts, fasteners, test points, etc.

Communication aids.

maintenance, the following should be provided at the 2.1.2.3 Non-skid treads, expanded metal f 100ring, or
workplace whenever practical: abrasive coatings should be provided on all surfaces which
a. Auxiliary hooks, holders, lights, outlets, etc. may be used for walking, climbing, or footholds.

/-”?
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2.0 FACILITY SUPPORT

2.1.4 SPECIFIC PRINCIPLES

2.1.4.1 RECIUIREMENTS FOR STANDING WORKSPACE
AND CLEARANCE. Whenwer possible, workspace design
should allow routine, frequent, and/or short-term mainte-
nance to be performed from a standing position. The
specific requirements which follow are keyed to the illus-
tration below, and others as indicated.

‘\
\

\
\
\
I

e..?’.~.

I

f’
/1

,/’

Source: Ref. 18

Exhibit 2.1.1 StandingWorkspaceOimensiom

a. VISUAL AND MANIPULATION WORKSPACE
REQUIREMENTS

(1)

(2)

Displays, markings, etc. which must be read from
the standing position should be within the fol-
lowing distances from the floor:

@ Maximum limits 40-70” for all visual displays
on vertical panels.

@ Optimum limits: 40-55” for critical or high-
force controls.

Controls, test points, fasteners, etc. which require
manipulation from a standing position should be
within the following distances from the flooc

@ Maximum limits: 30-70” for all conbols.

@ Optimum limits: 40-55” for critical or high-
force controls or fasteners.

(3) Work area length @ for standing work is limited
by time to move between points and/or require-
ments for reaching or visual contact between
points. For work performed at a given position,
distances from the center line should ba

● 22.5” for all related work points.

● 17.0” for critical manipulation points.

● 11.5” for critical visual work poin~.

b. WORK CLEARANCES FOR STANDING OPERATIONS

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

2.1.4.2

2.1.4.3

Minimum Best—.
Walking space width: 12” 15”

Passingbody width: 20’ ~21,

Passingbody depth: 13” 15“

Overheed clearancw 73” 80”

Maximum overhead reach: 76”

Maximum depth of reach: 23”

Standing space @ of at least 30’, and preferably
36”, should be provided before all work surfaces
where appropriate.

Kick-space @), 4“ high by 4“ deep, should be
provided wherever personnel stand or sit close to
cabinets, benches, or other work surfaces.

REQUIREMENTS FOR SEATING WORKSPACE
AND CLEARANCE . Whenever personnel are
raquired to perform in the sitting position for
more than one hour at a time or more than 20%
of the time, chairs should ba provided. Stools or
benches wil I suffice for other sitting operations.
For further detail regarding aeating workspace and
clearance, refer to NU REG-0700, Section 6.1.2.3.

REQUIREMENTS FOR MOBILE WORKSPACE.
When technicians ara required to work in or pass
through limited spaces,appropriate values to dater-
mine clearances should be selected from those
provided below.

f-”!
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2.1 WORKSPACE, STORAGE, AND REPAl R FACILITY DESIGN FOR MAINTAINABILITY
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Exhibit 2.1.2 Mobile Workspace Dimensions. Note: OSHA Standard 191O.23(C)(2) requires usin9 a 18 minimum
width for cetwalk/runways. Special consideration (larger accesa)must be given when usersmay be wearing bulky or
protective clothing when performing a task.

2.1.4.4 REQUIREMENTS FOR WORKSHOPS

a.

b.

c.

d.

n’ ‘“

Maintenance workshopa should be located and inte-
grated into the overall facility layout in a manner that
minimizes the time required for maintenance personnel
to go back and forth between the shops and work areas
within the facility.

In multiunit facilities, where units contain different
major systama, separate maintenance organizations
and workshops should be wailable for aach unit.

The facility should offar convenient apecesand support
facilities for temporary or permanent outside contractor
personnel.

Lockers or cabinets should be svailabla for personal
storage so that workbenches and seats stey free of
clutter.

Entry and exit routes through the maintenance work-
shops should be maintained free of impediments to the
paassw of personnel, carts, vehicles, and moving and
lifting devices.

f.

9.

h.

i,

j.

k.

1.

Workshop araas should not be used as major thorough-
fares for all facility personnel.

Maintenance activities that generate heat, smoke,
sparks, or noxious odors should be conducted in
separated, screened-in, and well-ventilated areas.

Appropriate cranes, monorails, forklifts, carte, and other
movement aids should be available within the workshop
to allow for moving of heavy equipment and hardware.

The tool room should be integrated within the mainte-
nance shop area or be in proximity to the shop area.

The warehouse should be located close to tha mainte-
nance workshop.

Maintenance workshopa should be properly shielded
from plant noise.

Workshops should be designed to be free of drafts
that may cause discomfort or affect tha availability
of maintenance technicians to maintain cbse toler-
ances in operating plant machinery.

2.1-5



2.0 FACILITY SUPPORT

m.

n.

0,

The thermal/humidity environment within the workshop
should be maintained at a comfortable Iwel year round.

Separate “hot shops” should be wailable in normally
contaminated areas m prevent the necessity for working
on contaminated hardware in normally “clean” shops.
Expedients such as tents, portable walls, plastic, fabric,
or wood barriers may be used. Boundaries of contami-
nated “hot” erees should be clearly marked and labeled.

Workbench surfaces for standing positions should
conform to the following dimensions:

(1) Standard workbenches (see illustration below, also):

● Height 36-40’ above the floor

● Width: 30’ maximum

● Length: As required.

T
-Tat Oquip **If

-Electrical outlet stri

-1oc4 mk

-Electrical outlet ttr

:~~
-Tool dr~n

.: ?+

L

-Storaeashelffor=
:: unuseditems

2

SOW* Ref. 26

Exhibit 2.1.3 StandardW~nch Dasien

(2) Podium type workbenches or high precision
surfaces (see illustrations below, also):

● Height 30-40” above floor

● Width: 36 maximum

● Lermth: 44” maximum.

Source Ref. 26

Exhibit 2.1.4 Podium Type Workbansh Design

P.

~.

r.

s.

t.

u.

v.

(3) Double-sided workbench and workbench ~=.
tories configuration (see illustrations below):

Workbenches should offer illumination aids; apace and
supports for accommodating procedures, printa, and
manuals; accessto power sources;magnifiem as required;

and built-in test equipment as needed.

“Hot” shops should be fully enclosed or glove boxes
provided to avoid spreading contaminated particles that
may result when maintenance machines are used to
repair contaminated components.

Work surfaces for supporting job instruction manuals,
worksheets, etc., shouId be 36” above the floor.

For tasks requiring force, it is recommended that work
surfaces be 36” above the floor.

It is recommended that tasks requiring precision be
done on surfaces 40” above the floor,

Factors to be considered when determining work-
bench height and design:

●

s

●

●

Characteristics of the equipment that will be placed
on the surface.

How technicians will perform tasks.

Lifting problems (size or weight) for equipment to
be placed on surface.

Uniqueness of tasks to be completed.

For sitting/stending work stations, provide adjustable
seats to accommodatetechnicians of various heights and
body dimensions.

MOWLE CART TO WMK alTE

w

“-l
ExhMt 2.1.5 bble~ded WorkbenchDeeigrIend WorkbenchAccmsoriet
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2.1 woRKspAcE, STORAGE, AND REPAIR FACILITY DESIGN FOR MAINTAINABILITY

2.1.4.5 REQUIREMENTS FOR STORAGE AREAS

a. Organized storage facilities should be available for
seasonally used items such as fans and heatars.

b. Adequata storage should be provided for materials
and sparea used on a recurrant basis that ara not kept in
a warehouse.

c. Special storage should be provided for tools and special
equipment used during overhauls or outages.

d. Special storage should be provided for contaminated
equipment that is used during outages.

e. Items stored in special locations should be controlled
and inventoried.

f, seasonally or infrequently used items should be stored
so as not to interfere with normal entrance and exit

pathways, vehicular traffic paths, and emergency
escape routaa.

2.1.4.6 MISCELLANEOUS WORKSPACE
REQUIREMENTS

a. Instrument and control facilities should be located near
the control room.

b. Maintenance technicians should have easy access to a
wall-organized and controlled technical library which
includes procedures, vendors’ manuals, plant schematics,
etc.

c. Health Physics facilities should ba located as corrven-
iantly as possible for maintenance techrricians w delays
in making transitions from “clean” to “hot” areas and
vice varss can be avoided.

2.1-7
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MAINTENANCE SUPPORT EQUIPMENT 2.2

2.2.2 DEFINITION

Maintenance Support Equipment (MSE), as used in these guidelines, refers to apparatus which
are usad for handIing, lifting, positioning, towing, fueling, and lubricating tasks in the perfor-
mance of maintenance. Specific apparatus included are jacks, cradles, cranes, hoists, elevators,
and various remote handling equipment. Excluded from this definition are tools and test and
serviceequipment.

-’l
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2.2.3 GENERAL PRINCIPLES

/’- All MSE should be selected and designed so that it:

2.2.3.1 Is es simple es possible to operate, use, and main-
tain.

P

2.2-3
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2.2.3.2 Is compatible with the maintainability features
built into related equipment, and with the maintenance
environment in which it will be used,

22.3.3 Provides maximum protection for components
and working parts to minimize the need for repair.



2.0 FACILITY SUPPORT

2.2.4 SPECIFIC PRINCIPLES

2.2.4.1 DESIGN PRINCIPLES FOR JACKS

a.

b,

c.

d,

e.

Jacks should be designed so they can be transported,
handled, and stored easily.

(1) Small jacks that must be lifted and carried by one
parson should not exceed 40 Ibs.

(2) Larger jacks should be mounted on wheeled
carts that have locking wheels. Repositioning and
accurate centering can be accomplished using a cart
with swivel wheels.

(3) Large hydraulic jacks may be dasigned with wheels
that may be retracted or foldad into the baaa of
the cart, thus allowing the Ram base to touch
tha ground for addad stability.

Jack handles should be ramovabie or folding. If a jack
handle is left protruding during maintenance, there
is a possibility that personnel or equipment may atrike
against the handla, knocking the jack from under the
load.

Jacks should be labeled to show direction of crank
rotation for raising or lowering as wall as tha load
thay are designed to handle.

On hydraulic jacks, one or mora accessplates, at least
6 inches in diameter, should be permitted to allow
inspection and cleaning of the hydraulic fluid raservoir.

Mechanical safety-locking devices should be lwovidad
to prevent accidental lowering of the load in the avent
of hydraulic system failura.

2.2.4.2 DESIGN PRINCIPLES FOR CRADLES

a.

b.

c.

d.

e.

f.

9.

h,

Credlas should be designed so that a load can be quickly,
effactivaly, and safely positioned on them.

When a cradle is designed to carry a specific load, guida-
Iinas should be marked on the equipment and cradla so
that when it is loaded into tha cradle, perfect positioning
will occur simply by matching guidelines.

Cradles should be shaped to fit the equipment to be
carried. Cradles may be adjustable or fittad with adaptars
to handle various sizes of equipment.

The cradla should have auff icient load-bearing area to
support tha load when the equipmant must remain on
tha cradla without support bands or hoists.

Metal straps should be provided for attaching equipment
to the cradle during positioning procedures.

If cradles are designed as integral parts of other aquip-
ment, basic aquipmant with controls for positioning
the cradle should be provided.

When practical, a platform should be attached to the
lift cradle to allow a technician standing on tha platform
to directly observe positioning of the component.

Mechanical sefaty devices should be provided to prevent
inadvetiant dropping of the load because of hydrau Iic
failure. Check valves or ratchet devices are accapteble
safety provisions.

2.2.4.3 DESIGN PRINCIPLES FOR CRANES

a. “Through” type bolts with conventional nuts and
lock washers or lock nuts should ba usad for assembling
structured membem.

b, Hook eyes should be providad on boom sections at the
canters of gravity for easy boom assembly and dis-
assembly.

2.2-4

c.

d.

a.

f.

9.

h.

i.

Provisions for adjusting the boom length to axom-
modata operational requirements and to make the
aquipmant more versatile should be provided whan
posaibla.

Two idantical and interchangeable winch assemblies
should be provided to operate the cables of the crane,
ona for hoisting the load and the other for controlling
the boom height.

Heavy maintenance support equipment such as portable
electric winches and cranes should be mounted for
ease of movement.

An operator’s cab should be designed that will rotate
with the crane to allow continuous surveillance of the
work operation.

The crane oparator’s seat should be located to allow
optimum view of tha load, ground, and equipment in

tha vicinity, and at the sema time parrnit easy operation

of the crane’s controls.

Lights should be mounted on cranes used outdoors so
that movement of the loaf carried by the crane can be
followed during night operation.

Control direction labels. Use absolute directions (North,
South, East, West) instead of relative directions (For-
ward, Reverse, Left, Right).

2.2.4.4 DESIGN PRINCIPLES FOR HOISTS

a. Hoist controls should be incorporated into a portabla,
lightweight, hand-held control box. The box should
have the following design features (refer also to tha
illustration):

(1)

(2)

(3)

(4)

(5)

(6)

Source Ref. a

Exhibit 2.2.1 Hand-HeldHoist Control Box

Two spring-load, recessed pushbuttons, one above
the othar.

The top button should be “green” and labeled

“up,” the bottom button should be “red” and
labeled “Down.” Where possible, color code fun-
ctions: up should be green, and down should be
red.
Each pushbutton should have a flat (or slightly
concave) surface, Iarga anough to ba pushad,
repeatedly, without discomfort.

Pressure to activate either button should be 10 to
40 oz.

A 2-inch clearance should be provided between
each pushbutton to furthar prevent accidental
activation of the wrong button. Ridging between
the buttons should ba provided.

The control box should be manageable anough so
the technician can reach both control buttons
while holding the box securely and comfortably
in one bend.

,:.;._
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b.

c.

d.

e.

f.

Moving pans such es belts, chains, gears, and linkages
should be placed where operations and maintenance
personnel are least likely to come into contact with
them. Guards should be provided if danger from contzt
exista.

Sufficient clearance for lugs used for attaching hoist
beams to equipment structures should be provided
so the attachment can be made easily and quickly.

Pins should be used that have automatic Iockirw features
and do not require the insertion of cotter-pins for
locking. The pins should be attached to the hoist by
a wire or chain. Matching lugs should be provided on
the component or cradle so that the hoist beam lugs
can be set into the matching lugs to facilitate insertion.

u

Scwrcw Ref. 8

Exhibit 2.2.2 Example of Hoist Lug end Lock Fin

Hoist capacity should be indicated on the side of the
hoist closest to the operator to prevent possible over-
loading.

Positive locking devices to hold hoist beams in the
raised position- in case of power failure should be
provided.

2.2.4.5 DESIGN PRINCIPLES FOR ELEVATORS

a.

b.

c.

d.

e.

f.

,n g.

Elevator coverage should extend to each level of the
facility that maintenance personnel must reach to
service heavy equipment.

Elevators that are wail able to maintenance technicians
should be capable of accommodating personnel, hard-
ware, and job aids.

Elevators should ba designed for reliable service in
their intended environments, e.g., high temperature,
humidity, radiation.

Elevators should provide straight-line coverage from
the lowest to tha highest elevations in the facility,
avoiding the need to transfar personnel and materials
from one elevator to another at some mid-point
elevation.

Where possible, elevator drive machinery which requires
accessfor prwentive and corrective maintenance should
be located in non-contaminated areas although the
elevator may provide service within contaminated areas
of the facility.

Elwators that are used to transport hardware should be
padded or otherwise protected to withstand potential
damage.

Elevators that are located in potentially hazardous areas
should hwe emergency escape and/or communication
dwices.

2.2-5

h.

i.

j.

k.

The top button should be green and labeled up; the

bottom button should be red and labeled down.

When possible, provide directional cues (such as point-

ing arrowheads) for up and down.

An automatic fail-eefa brake, or other self-locking

device should be provided in case the lift mechanism

fails,

Guards should be provided to prwent the accidental

operation of the lift. (For example, consider guarding
the” Emergency Stop” switch.

2.2.4.6 DESIGN PRINCIPLES FOR REMOTE

a.

b.

c.

d.

e.

HANDLING EQUIPMENT

Operator performance should be optimized by organ-
izing consecutive tasks and subtasks to be performed
by the equipment.

Equipment which must be remotely handled should
be designed so that it can be broken down completely
by the remote manipulator,

Components to be handled remotely should be tested
for compatibility with the remote handling system
that is being used before being included in system
design.

General purpose manipulations (including master-slave
ard rectilinear arm manipulators) should be provided
with the following capabilities.

(1) A minimum of seven degrees of freedom of move-
ment.

1
1

Saum Ref. 1

(2)

(3)

(4)

Exhibit 2.2.3 Degraesof Freedomof Movement
for Manipulator Arm md Wrist ksambly

Ability to grasp end manipulate tools.The slave
hands provided must be designed to produce the
appropriate movement, grip, thrust, and torque
required by the task.

A bilateral drive system to reflect force to tha
technician’s arm in a natural and meaningful way.
The system must be completely rwersibie so that
a force or movement of the output wil I gkfe a
corresponding fofca or movement of the input
member (knob or handle].

Optimal ehepe of the manipulator arm. The wrist
joint and lower pottion of the arm should be es
small as possible to permit unobstructed vision
by the technician es well es to permit remote
manipulation of equipment in close quartera.

Rectilinear arm manipulators should have the following
capabilities

(1) Grip force indication, visual and/or auditory.

(2) Horizontal movement to permit handling at any
Iocetion in the “hot” area.

(3] Portabla control console to “follow” the arm to
various locations in the “hot” area.
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(4) Provide positive atops to preclude danger to the
objects being handled and/or “hot” area if one of
the servo-loops should fail.

f. Master-slave manipulators should have the following
functions and capabilities

(1) Manipulator design to utilize the natural character-
istics of the operator, with conformity of the
control and effecter portions with regard to spatial
orientation and position. Errors greater than 20°
or 30° in the synchronous arrangement of slave
jaws and master control handle are detrimantel to
operator performance.

(2) High mechanical efficiency, low inertia, and low
friction.

g. E Iectronic master-slave manipulators should have the
following functions and capabilities:

(1] Variable ratios of control-effecter movement.

(2) ~~be) ratios of force reflection (kinesthetic

[3) POSitiVe stops to preclude danger to the objects
being handled and/or “hot” area if one of the

,-, –.,. .,
Servo-1oopsSrrolalaTall.;

h. Manipulator hwsds should permit a wide range of
lifting, holding, and clamping capacities. Several illus-
trations of useful hand configurations for maintenance
tasks are shown:

Pincer l+endfor Gmrw#
Llfsinemd Holding

PwdIeI Hand for
Genmal Punmse Handling

Sousee!Ret 1

Shwr Fhnd for Cutting

Hook Hmd for Cleaning
Rotmd Obiecw or Tools
of %acil Oesig”

Exhibit 2.2.4 Examplesof ManipulatorHand Configurations

i. Handling controls should be designed to provide kines-
thetic and tactile feedback to the maintenance technician
so that a senseof “feel” is providad as to the amount of
torque or force being applied or the direction of move-
ment being taken.

(1) Where poseibla, the arm on which the control
handle is attached sh~uld have a shape similar
to the manipulator arm to maximize the similarity
of motions.

(2) For precise measurernant and feedback of torque,
grip force, or thrust forca, calibrated instruments
on the control consola should be provided. For
example, a hand grip force display should be
provided which indicates a force reflection over a
range from a few ounces to several hundred pounds.

i

k.

1,

m.

A means of direct vision should be provided through
shielding windows whera possible. A maans of achieving
this is by using turntables designed to rotate the equip-
ment so that any side can be shown to the maintenance
technician. Direct vision is prefarred because it provides
little or no distortion of dimensions, clarity, and color
discrimination.

Where direct vision is not possible or an adjunct to it is
needed, an optical system should be provided such as
binocular, or stereoacoptic periscopes or microscopes
where threedi mensional viewing is eesentia1.

Where direct vision and optical systems are not possible,
closed circuit television systems should be provided for
visibility.

(1) The usefulness of closed circuit television as a

(2)

(3)

(4)

maans to provide visual feedback for a remote
performance field appears to be seriously limited
when the visual field is displaced from the normal
line of sight.

Two cameras oriented at right anglas to one
another with a separate monitoring screen for each
are frequently substituted for stereo television.

Color enhances the sensation of depth but black
and white TV is ordinarily preferred because of its
better resolution.

Visibility is more dependent upon strong con-
trasts and ahades than on stereoscopic effect.

Special windows should be provided to shield mainte-
nance technicians from radiation while providing
maximum visibility. Liquid-filled windows must Drovide
the following

shieldingtffecdvmasa optical amsiwaq

(The same shielding per (High transmission of a
unit of thickness as large portion of the visible
afforded by the remainder spectrum, minimum haze
of the biological ehield.) high refraction index,

large angle of viaw through
small window aperture.)

Stabilisy of color Uad Noastoxioity of window
clarity (Against both materials (in ceeaof
time and radiation.) breakaga.)

n. in order to preserve the contrast effect which is im-
portant in discriminating detail, care should be taken
to control factors such as haze in liquid windows,
cleanliness of glaas eutfaces, and multiple surface
raflwtions.

o. To minimize distortion, objects should not be viewed
near the window or with an angle of incidence for
the line of sight which is greater than 60°.

p. Sufficient light should be provided for remote handling
operations

(1) Auxiliary lighting should be provided for visually
inaccessible locations in tha aquipment being
handled. For example, lights should be provided
on tools, test probes, and servicing adapters that
are inse~ed into dark recessesof equipment.

(2) To incraase visibility, higher intensities of achro-
matic lighting is just as eff icient as monochromatic
lighting.

2.2-6



(3) Monochromatic light should be used only where
white light would actually interfere with ob-
aewation, as with vary small components in which
the parts would not be distinguishable under
white light.

q. If posaibla, symbol coding rather than color codes
should ba used when codes must be recognized by
the maintenance technician both under conditions
of direct viewing and color television use. Symbol
coding may not be applicable for very complex equip-

2.2 MAINTENANCE SUPPORT EQUIPMENT

ment. However, any adaptation of color codes to
correct for distofiion by color television will confuse
the technician who is viewing tha code directly. There-
fore, anothar method of coding other than color should
be used when both direct and television viewing are
required.

r, Tools and support equipment that are used in con-
junction with remote handling equipmant should be
designed so that they are easily ameasible to the
mmipulator hand and easily decontaminated.

n.

2.2-7
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2.3 Hand Tool Dasign for Maintainability
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HAND TOOL DESIGN FOR MAINTAINABILIN 2.3
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HAND TOOL DESIGN FOR MAINTAINABILITY 2.3

2.3.2 DEFINITION

Hand tools, as referred to in these guidelines, include only those which are commonly used in
maintenance work for inspecting, adjusting, sewicing, removing, or replacing components.

Though tool design is accomplished separate from system design, it is important to ensure that
equipment is designed to be maintained (in order of priority):

a. Without tools, where possible.

b. With the minimum number of tools for the system.

c. With the minimum number of tools for the maintenance task.

d. With common hand tools, where possible.

e. With specialized tools only when absolutely required.

2.3-2



2.3 HAND TOOL DESIGN FOR MAINTAINABILITY

2.3.3 GENERAL PRINCIPLES

2.33.1 TOOIS should be designed for maximum simplicity,
practicality, and universality.

./=

2.3.3.2 Requirements for tools should be derived directly
from the maintenance tasks to be performed and the design
characteristics of the equipment involved.

2.3.3.3 Each equipment system should be accompanied
by a comprehensive list of tools required for all maint~
nance tasks.

2.3.3.4 Tools should be used during developmental testing
of the Watarn/aquiprnent to find duplications and omissions,

and to determine if the equipment requires additional tools.

2.3.3.S Only those tools usually found in the maintenance
technician’s tool kit sh~”ld be required for maintenance
opxations.

2.3.3.6 Speed or power tools such as ratchets, speed acraw-
drivers, or power wrenches shwld be provided tha
technician when thay are required because of torque
demands or space limitations.

2.3.3.7 Remotely controlled tools should ba provided
where feasible and tiara such tools will reduce mainte-
nance time and labor hours.

2.3.3.8 Holding tools such as pliers or clamps should be
designed so that they are skid-proof end do not mar ‘or
scratch holding surfaces.

2.3.3.8 Adequata gripping surfaces should be provided
on the handles of tools. Knurling, grooving, or ahaping
the handla to fit the hand are desirable.

2.3.3.10 In evaluating the finish to be applied to tools,
consider that tools having a dull finish prevent reflected
glare in areas of high illumination. However, dull-finished
tools are often overlookad when closing esaamblias, etc.,
causing loss of tools end possible damage to tha equip-
mant. Tha designer should tharefore carefully consider
tha advantages and disadvantages of this type of finish
in relation to the potential application of the tool.

2.3.3.11 Using plastic, heat- or cold-resistant handles on
tools which are to be used in extremely hot or cold climates
should be specified, Tha use of matal handles is undesirable,

particularly for cold climatea and for electrician’ tools.

2.3-3
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2.3.4 SPECIFIC PRINCIPLES

2.3.4.1 Screwdrivers for small-size adjustment screws
should be provided with a funnel-like guide that will aid
placement of the screwdriver on the adjustment point.

I SPECIFY IN PREFERENCE
THESE 70 THESE I

I Sourco Ref. 8 I

Exhibit 2.3.1 Screwdriver for Srndl.sized Mjustntente

2.3.42 Magnetized screwdrivers, if theY will not @&r@Y
affect electronic circuits, should be provided to hold free
screws that cannot be held easily with the fingers. If megna-
tized screwdrivers are not desirable, screwdrivers should
have clips. Design the clip so that it can be slid up @e
screwdriver shaft when not in use.

E*
CLIPS

Solrrew Ref. e

Exhibit 2.3.2 ExsfnPleof Clip Screwdrlwr

2.3.4.3 Push-type tools should be provided wher~r
screws must be rotetad through many revolationa, pro-
vided the attendant resultant force on the equipment
will not be harmful.

, Jowcm Ref. 8

Exhibit 2.3.3 Exunpla of Push-Type Tool

2.3,4.4 Tools should be specified which are compatible
with the design of the equipment on which they will be
used as well as with the job to be performed. For example,
a tool size should be specified which is consistent with tie
size of the prime equipment. Lever handles aheuld be
specified rathar than screwdriver handles when high torque
is to h applied, end tools should be provided which are
consistent with working apace available on the prime
equipment.

2.3.4.5 Positiva snap-locking action should be used for
connecting sockets to the various components of a socket
set. Design them so they can be easily connected and
disconnected.

2.3.4.6 Ratchet screwdrivers should be provided where
torque requirements are low and apace is limited. They
require on Iy one-handed operation and usually require
lassclearance.

2.3.4.7 Equipment should be designed so that only straight
type screwdrivers can be usad. Offset ecrawdrivem are not
satisfactory because there is a lack of normal force on the
screw head slots and the slots become damaged easily.
However, the use of offset screwdrivers reduces the amount
of apace required to turn a screw and because of space
limitations may be the only solution. The overheed space
requirement for offset tools and two aoecial tvoe offset
t&ls for removing fasteners are illustrated” below. -”

USE THIS NOT THIS

If

/

{

270 INCMES-UPFERPART OF HANO

t::”-

LENGTH OF TOOL
eEFORE OFFSET 00 NOT PLACE

HOT COMPONENTS
HERE

v?

&*.,.,,oT

,.

HOW Ref. 8

Exhibit 2.3.4 Uses of Strsightand Off-Set !icrewdrivem

2.3A.8 Drills with flosting chucks for drilling fastener
holes for riveta should be used. These will insure that tha
hole is drilled at the proper right angle so that maximum
fit tolerance are reached.

2.3.4.9 Spanner wrenches should be designad to be
operable from vwious angles to avoid obstructions in
operations.

2.3.4.10 The technician should be provided with templates
for making surfeca control adjustments (rigging) or for
mounting links, arms, rods, or other such parta on a flat
surface. Markings should be provided on the templates
to ahow the desired setting or placement of the control
or part.

“7
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f’-

2.3.4.11 High-speed soldering devices should be provided
to melt connections being serviced without derneging
adjacent elements.

2.3.4.12 Clamping devices should be provided to remove
small, closely pecked plug-in dwices.

[

Source Ref. 8

Exhibit 2.3.5 Example of CJomping Device

2.3.4.13 Long-nosed hemostat-type pliers should be pro-
vided which can lock, hold their grip, and be used as heat
sinks.

2.3.4.14 Printed circuit card extenders and card extractors
should be available to the technician for use with com-
puterized units.

2.3.4.15 SAFETY SUGGESTIONS

e. Adequate inWlation should be provided on handles
or other parts of tools which the technician is likely to
touch while doing meintanance work near voltages in
excessof 50 volts.

b. Spark-resistant tools should be provided if they are

to be used in areas yhere fire or explosion hazards are
present.

c. Adequate storage for tools should be provided so they
cannot fall and cause personal injury or be easily mis-
placed or lost.

d. Sharp corners and edges on tool chests should be
eliminated.

e. Tool chests which are too Ierge to be easily
handled by one person should hwe casters or a
sufficient number of handles to facilitate moving.

Handles should @ ~yed so the chast will be balanced

when it is being moved.

2.3-5
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2.4 Stair, Ladder, and Ramp Design for Maintainability
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,?= STAIR, LADDER, AND RAMP DESIGN FOR MAINTAINABILITY 2.4
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STAIR, LADDER, AND RAMP DESIGN FOR MAINTAINABILITY 2.4 ?

2.4.2 DEFINITIONS

Stairs, ladders, and ramps refers to structures which allow personnel to abruptly change eleva-
tions by more than 12 inches. Stairs (stiles) and ramps may be used to allow for safe and easy
passageover low objects (e.g., pipes, lines) in corridors and passageways.Types of structures
(in order of preference) are:

a. Stairs allow the fastest, safest, and easiest passageof personnel, especially when they are
carrying loads.

b. Stair ladders are preferred to ladders because they provide better footing and faster, safer
passage. However, sure balance and fast movement require the use of both hands on the
handrails. Carrying loads up stair ladders is also hazardous.

c. Ladders are not desirable for frequent passage.They are comparative y unsafe, difficult to
climb, and cliff icuIt to work f rem. Only loads which are strapped to personnel can be carried
up ladders. Fixed ladders an? preferable to semi-permanent or movable ladders; the former
are more stable, lesssubject to clearance problems, and can be affixed with guardrails and
other safety features. Portable ladders should be required and provided only for emergency
functions or for uta?xiaringinfrequent maintenance tasks, Permanent ladders or maintenance
stands are preferable.

d. In general, ramps are of value only when rolling stock must be moved between different
levels and this same space can be used for pedestrian traffic. Long ramps are undesirable
except for self-propel led vehicles. Requirements for personnel to push or pull rolling stock
up ramps should be carefulIy evaluated in terms of safe”Wand human strength.

f-$

,?’-’)
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2.4.3 GENERAL PRINCIPLES 2.4.3.3 Stairs, ladders, and ramps should be:

2.4.3.1 Layout and design of stairs, ladders, and ramps
should consider:

a.

a.

b.

c.

d.

e.

f.

9.

Limitations in the amount of space and clearance
available. b.
Predictable environmental conditions that will affect
the structure (particularly if it will become wet or
covered with ice, snow, or mud). c.
Type, direction, and frequency of traffic over the
structure.

Relative efficiency of alternate traffic patterns.

Leeds or other encumberancea to be carried by per-
sonnel over the structures. d.

Siza and weight of other equipment that may have
to be moved over the route. e.

Need for decontamination and clean up.
t.

2.4.3.2 The type of structure chosen to be used should be
beeed on the angla of the structure’s inclination in relation
to the available space and structural constraints. The illua-

9.

tration shows tha preferred and critical angles of incline h.

suitable for these st&ctures.

Exhibit 2.4.1 Preferred and Critical Angles for bddars,

arwcw Ref. la

Stair Ladders,Stairs, xnd RamJs

Designed, installed, or provided to affect the moat
immediate and efficient access to and betwaen work
places and araes.

Constructed of materials which are lightweight, non-
conductive, splinter-proof, waterproof, weatherproof,
humidity-rasistent, and resistant to chemical action.

Designed to withstand the combined weighta and
strengths of the largest number of personnel likely
to be on them at one timb, multiplied by a safety
factor of at least two. Two hundred and fifteen pounds
per person should be used to calculate weight.

Provided with non-skid surfaces on all areas where
personnel are expected to step, walk, or stand,

Free of obstruction, edges, notches, or burrs which
could injura paraonnel or damage hosesor cables.

Designed to be de-iced, when necessary, by using hot
water or steam.

Adequately Iighte?. ~,

Adequately marked against hazards in their use, e.g.,
against low overhead, poesibla shock.

Exhibit 2.4.2 Example of Haserd Marking on Her
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2.4.4 SPECIFIC PRINCIPLES

2.4A,1 DESIGN REQUIREMENTS FOR STAIRS

a. Critical dimensions for stair design follow:

...– .’– . . . .

Angle of rise:

Treed depth:

Riaar height:

Depth of nosing:

Width (hwtdrail to handrail)

One-way stairs:

Two-wev stairs:

Min. overhead clearanm.:

Heipfstof handrail:

Oiametar of handrail:

Hand claarance: d

rmrr.

20”

9.5” a

5b

.75”

20”

48”

76’
~,

1.25

1.77’

Max .

60,,

12”
6.<c

1.5’

De$l

3s35”

11-12”

6.5-7”

1,,

22”
51,,

y61.

33”

1.4”

2“

Notes: a. Building Officials&Code Administrators
(BOCA) Basic Building Code (1981)
recommends a minimum tread depth
of 11”.

b. BOCA Basic Building Code (19B1 )
recommends a minimum riser height
of c’,

c. BOCA Basic Building Coda (19B1 )
recommends a maximum riser height
of r.

d. OSHA Standard 191O.23(C)(6) re~m-
mends a mimimum hand clearnace of
~.

SoursmRef. 18

Exhibit 2.4.3 Crkical Dimemiona for Stairs

b. Treed depth and riser height may vary with the angle
of inclination according to the graph below. But loads
carried and Iangth of the stairs should also be con-
sidered. In general, deep traeds ( 12”) and low risers (5)
should be used when loads over 20 pounds are to be
carried or stairs are over two stories high.

I I

~
Exhibit 2.4.4 Treed Depth VS. Riaar Height

Avoid long flights of stairs, Landings are recommended
everv 10-12 treads and must be provided for every story ~
(8-12 ft. elevation).

2A.4.2 DESIGN REQUIREMENTS FOR STAIR
LADDERS

a. Critical dimensions for stair ladder design follow:

@ An@eof rise:

@ Traed depth:

For 50” rise:

For 75’ rise:

@ Riser hei~ht

@) Height,stap to landing:

@ Width (hwxfrail-handrail):

@ Min. overhaedcbaranca:

@ Hei~tof handrail:

@ Diametar of handrail:

@ Min. fsandclearance*

Min.

50”

6“

3“
T.,

6“
21,,

~

3411

1.25”
2“

Max.

75”

10
5.5’

12”

Riser

24”

37”

2,,

●OSHA Standard 191O.23(C)(6) recommends a
minimum hand clearance of 3.

SoUrte Ref. 18

Best

50-60”

6.5’

4 “

a9’f

Riser

22”

76’

35”

1.4”

3“

b.

c.

Exhibit 2.4.5 Critical Dimensions for Stair Ladders

Clearance on stair Ieddars should be sufficient for
one person only. If simultaneous two-way traffic is
desirwl, eetrarate up end down ladders should be pro-
vided. If these are located side by side, a double center
handrail should be provided with a minimum of 6“
between rails (8” recommended).

Treads should be oDen (without risers). But metal
screening (or kick pjates)” should be fa&ned to the
underaide where required to prevent injury to personnel
or damage to equipment.

2.4.4.2 DESIGN REQUIREMENTS FOR FIXED
LADDERS

a. Critical dimensions for fixed ladder design follow:

,

2.4-4



2.4 STAIR, LADDER, AND RAMP DESIGN FOR MAINTAINABILITY

U&

g Max. Best—.

@ An@e of rise: 75” 90” so”

@ R.n&&emhrlete.
1.13” 1.5” 1.4”

Protected metal: .75’ 1.6” 1.4”
Metal that may rust 1.0’ 1.5” 1.4”

@ ~urtg~acing (R-S): a 9,$ 16” 11.12”

@ Height, r.ngto Isnding: “ R-S R-S

@ Width betweersstringers: 1;” - 16-21”

@ Clintbingdaaranm width: 24” - 30’

@ Min. claarancedepth:b

In back of Idder: 6“ 8,,

On climbing sidsx 36” for 76”, - 30” for W’

@ Hei@of string alsovelanding: 36’”

@ Max.lsei#Itof climb - 10 8’

aOSHA Standard 1910.27(b)(l)(i) and (ii)
recommends a maximum rung spacingof 1~.

bOSHA Standard 1910.27(c)(4) recommends a

minimum clearance in back of ladder of 7“.

SoasrcaRef. 18

Exhibit 2.4.6 Critical Dimnaions for Firsed Laddera

b.

c.

d.

If ladders are used between several floors, they should
be offset and guarded landings shouId be provided at
wary floor.

Guardrails should ba provided at the top entrance to
ladders, if the ladder well is open.

Ladder cages should be provided for fixed ladders over
20 feet long. Dimensions of cage should be es follows

@ Heiglttofcaeefrom baaeof ladder: 7 feet

@ Flare at bottom of dtecage: 32 inches

@ Depth of cagefrom center of ladder: 26 inches

@ Max.slistancabttwwn cage ribs: 18 inahea

@ Wiclthofcaea: 27 inshes

e. The inside of the cage must be clear of obstructions.
f. Round rungs provide better hand holds, but level steps,

3-4” wide, may be used if handrails are movided on
both sidea of the ladder.

2.4.4.4 DESIGN REQUIREMENTS FOR PORTABLE
LADDERS

a, Critical dimensions for portable ladder design follow:

Rungledder dimensions:

@ Rung diameter: sense as “Fixed ladders”

@ Rung spacing Same as “Fixed ladders”

@ MeximumlaJder tength:
Single section ladders: 30 feet
Two-section, metal ladders: 46 feet
Two-section. wood ladders: 60 feet

@ Min.width betweeneide rails:
Metal Iaddew 12 inches
Wood Iaddars

Up to 10 feet long 11.5 inches
Add .25 inches for aach eddad 2 feet of Iangth.

aosarcwRaf. fa

Exhibit 2.4.8 Critical Dimensionsfor Portable Laddera
.

Step-ladder dimensions:

@ Sprmd: 3.5 inches per foot length of front
section plus 2.0 indtes per foot length
of beck section.

@ 7rSedwislth: Min. 3indses; best 24 inches

@ Stapsrmcinsr Min. 9 indtes; beat 11-12 inshea

@ Min.widthbetween siderailsattoPstaP:

Metal ladders: 12.0 inches
Wood leddars: 11.4 inches

@ Width at bottom: Add 1 inch per foot of length

@ Langthof Iedden Maximum of 20 feet.

SOU- llef, 18

Exhibit 2.4.9 Critical Dimensions for Step Ldclara

b,

c.

Letlders should be provided with rubber-cleated, pivoted
fact for use in non-freezing weather, and steel cleats for
use in ice or anow.

Parmanent hinges and locks should be used in prefer-
ence to bolts and nuts for assembly of two-kction
extension ladders.Exfaibit2.4.7 Ladder Cage Oimerraions

2.4-5
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2.4A.5 SPECIAL REQUIREMENTS FOR FIXED AND

a.

b.

c.

PORTABLE LADDERS

Safety devices should be provided on either fixad or
portable ladders whenever length, use, or operating
conditions require. For instance, pole lashing devices
should be provided for ladders to be used against poles,
or carrier rails and safety hits should be provided for
long ladders to be used in adverse weather or under
emergency conditions.

Kick plates should be installed behind ladders for special
applications where feat may damage the surface of tha
aquipmantm

Metal ladders should be marked with signs or decals
warning againat the danger of shock. These should be
placed inside tha stringers, on both sidas, and 3 feat
from both ends and raad: “CAUTION. Do not use or
atore near electrical equipment.”

2.4.4.6 DESIGN REQUIREMENTS FOR RAMPS

a. Critical dimensions for ramp design follow:
Y .,.

Min Msx Best-— —

Angle of rise: 20° 7-15°

Distance between cleats: 9“ 16” 14”

Height of handrails 36” ~,. 4r’

Width: Datarmined by function and usage, Particularly size of
rolling stosk and loads.

Diameter of hmrdrail: ,,, 3“ 1.4”

Clearanm around handrail: Y- 3,,

I aourca Ref. te I

b.

Exhibit 2.4.10 Critical Dlmenaions for RWIpS

Whare a smooth surface or runway for wheeled vehicles
is needed, it should be located in the canter or to
one side of the ramp, with claatad portions on the
outaida below the handrails. A combination of ramp and
stairway is praferrad, howaver, especially for slopes
greater than 7 degrees.

“-l
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PLATFORM AND SHELTER DESIGN FOR MAINTAINABILITY 2.5
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FACILITY SUPPORT 2.0

PLATFORM AND SHELTER DESIGN FOR MAINTAINABILITY 2.5

2.5.2 DEFINITIONS

Platforms refer to supports which are used to provide maintenance technicians with support at
a tolerable working distance to equipment.

Shelters are used to provide enclosure and protection of maintenance technicians and equip-
ment during maintenance tasks.

2.52



2.5 PLATFORM AND SHELTER DESIGN FOR MAINTAINABILITY

2.5.3 GENERAL PRINCIPLES

c 2.5.3.1 MOBILITY REQUIREMENTS. Platforms and
shelters should be permanently installed wharrevar possible.
Whera they must be mobile, thay should be

a.

b.

c.

d.

Lightweight enough for no more than two people to
handle, erect, and install.

Col Iepsible or adjustable for easy handling and trans-
pxting.

Provided with self-locking devices for all attachments,
adjustments, and collapsible supports.

Provided with wheels, es necessary, that should:

f-’

(1)

(2)

(3)

2.5.3.2

Have wheel locks or brakes to insura stability.

Be large enough to allow aesy passageovar ridges
up to 0.75 inches high or higher.

Provide firm grip and adequata support on slippery

Wrfaces, snow, ice, and sand.

STABILITY REQUIREMENTS. Platforms and
shelters shouId be:

a. Provided with low centers of gravity, wide wheel bases,
anchors, and/or outriggers as needed to echieva stability.

b. Proparly balanced and SUPPOI%SCIto allow using without
tipping when tha weight of personnal and/or components
is applied to any one side.

2.5.3.3 FIXTURE REQUIREMENTS. Where practical and
feasibla, platforms and shakers should have:

a. Electrical outlets md fixtures to provide adequate
lighting and facilitate use of tast equipment and
powared tools.

b.

c.

d.

Shelves or other places for resting teat aquipmant, tools,
or components et a convenient operating or working
Ieval.

Hooks, eyes, clip fasteners, supports, etc. to facilitate
the support and connection of associated wiring, hoses,
block-and-tackle arrangements, etc.

Storage space, cable windam, supports, clamps, etc. to
provida storage for associated manuals, slings, special
tools, extension cables, ate.

2.5.3.4 SIZEAND CONFIGURATION REQUIREMENTS

Platforms and shelters should provide

a.

b.

c,

d.

Easy passageof personnel when accessdoors, cowl flaps,
etc. are open.

Adequate work spaca and work claarencas for the
maximum number of personnel and range of tasks
required in these operations.

Eesy access to all equipment, mounts, and features
integrally related to the maintenance operations thay
support; e.g., to an engine and all its associated parts,
accessories,and points of connection.

Safa and easy handling in these operations of all related:

(1)

(2)

(31

(4)

Components that are Iikaly to be removed.

Spara parts, tools, ate. that must be handled.

Slings, hoses, lines, and other supPorts to be

handled.

Cowls, panels, or othar major items that must be
handled within the shelter or from tha platform or
stand.

2.5-3
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2.5.4 SPECIFIC PRINCIPLES

2.5.4.1 PLATFORMS. Platforms should be designed to:

a.

b,

c.

d.

e.

f.

Satisfy the preceding “General Principles.”

Provide a minimum of 6 square feat of workspace.

Permit the technician to have both hands free for
work.

Provide a continuing work surface around or between

related portions of the work area, e.g., the engine.

Have a capacity in excess of the heaviest combination
of persons and/or equipment to be suppomrd at any one
tima. Usa 215 Ibs. per parson to cakulate weight. A
minimal capacity of one ton in recommended.

Conform closely to the work surface.

(1)

(2)

(3)

2.5.4.2

General conformation should be within 2 inches.

Gaps greater than 6 inchas are normally objection-
able.

Contact plates, cushions, bumpers, or pads should
be provided as necessary to protect equipment
surfaces.

SHELTERS. Shelters should be designed so that

a.

b.

c.

d.

Thay satisfy the preceding “General Principles.”

Time to install and enclose is minimal ad doas not

exceed ona hour.

Maximum practical enclosure and protection are pro-

vided in terms of the environment in which the shaker

is to be used.

Ventilation and environmental control are within

tolerable limits, considering tha type of clothing to be
worn.

e.

f.

9.

h.

i.

Allowances are made for variations in configurations of
the shaltarad equipment.

They can be used side by side where appropriate.

Covered openings ara provided as necessary to facilitate
removal of major components such as complete engines.

They are compatible with, provide openings for, and

allow emp Ioyment of associated support aqu ipments

such as cranes, stands, SI ings, etc.

Their design does not prevent operations essential to
related maintenance.

2.5.4.3 GUARDRAILS. Guardrails should:

a. Satisfy the requirements shown below.

b. Have screening or lattice work.

‘SV MINIMUM~

Source Ref. 12 1“

Exhibit 2.5.1 Critical Dimamions for Guwdrails
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FACILITY SUPPORT 2.0

DESIGN OF COMPUTER SYSTEMS FOR MAINTAINABILITY 2.6

2.6.1 INDEX
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FACILITY SUPPORT 2.0

DESIGN OF COMPUTER SYSTEMS FOR MAINTAINABILITY 2.6 ?

2.6.2 DEFINITIONS

a. COMPUTER SYSTEM. A computer system consistsof computer hardware components and
other electronic components which are connected together and operate under control of
computer software,

b. UNIQUE INTERFACES. These are electronic interfaces of unique design which interface
the computer to sensorsand other electronic and electrical devices. These interfaces will be
used most often in control and monitoring device applications. Examples are analog to
digital converters (ADCS) and digital to analog converters (DACS).

c. INPUT DEVICES. These devices provide input information to the computer. Typical
devices are keyboards, numeric key pads, disk drives, magnetic tape drives, and punched
cards and paper tape readers.

d, OUTPUT DEVICES. Computer information is sent as output to these devices either as
stored data or as a direct response to computer operator commands. Typical devices are
video displays, printers, plotters, magnetic tape drives, disk drives, and paper tape punches.

e. lNPUT/OUTPUT DEVICES. These are devices which can serve both as input and output
devices. Typical examples are video display terminals with keyboards, magnetic tape drives,
and disk drives.

f. COMPUTER SOFTWARE, Software normally means more than one computer program
which functions to control operation of a computer and allow computer system users
to perform specific tasks. These tasks may be computational, data-handling, control,
monitoring, analysis, graphics, editing, and other. Typical software storage devices are
computer memory, magnetic tape, disks, paper tape, and punched cards.

g, ENVIRONMENT (Equipment), Environment refers to all conditions which surround a
computer system or one of its system components and which directly affect operation of
equipment. These conditions take into account air, electromagnetic interference (EMI),
electrostatic discharges, and power line noise. Factors which affect air conditions are
humidity, temperature, cleanlinessof the air, and air flow distribution.

h. ENVIRONMENT (Personnel). Environment refers to air, acoustic noise, electrostatic
discharges,and room lighting.

i. POWER FACTOR (PF). This factor numerically gives the phase relationship between
a.c. voltage and current when a system or component is connected to an electrical power
source. It is defined using watts consumed and the products of voltage times current.

watts
PF = voltage x amperes

j. POWER DISTURBANCES. These are changes in the electrical power source which might
produce an undesirable response in the computer system or one of its components. Com-
puter equipment manufacturers often specify allowable power line disturbances.

2.6-2



2.6 DESIGN OF COMPUTER SYSTEMS FOR MAINTAINABILITY

2.&3 GENERAL PRINCIPLES

2.6.3.1 SPACE REQUIREMENTS FOR COMPUTER
SYSTEMS. Maintainability of a computer systemand all
ikswmponen% largelydependson the systemoperatingin
properly dmigmd facilities The design of the facilities
includesestablishingcriteriafor space,Many factorsdirectly
infIuencelong-termspacereeds
. Equipment
● Work areas
● Furniture
s Storage
● Expansion.

Initial d~ign considerationsfor spaceshould includeroom
structural requirementsfor walls, floors, and ceiling. Thew
may require acouzticpropertiesm reducenoiselevelsgener-
ated by equipment, Floorswhich are of the raisedtype cm
accommodatecables and air flows for equipment cooling.
Suspended ceilings can incorporate ~oustic properties,
lighting, and fire control systems, Each computer system
site is different and con~quemly each will haw differem
requirements for space. The following Points should be
considered at mch site:

a.

b.

c.

d.

e.

f.

9.

h.

i.

SPACE FOR EOUIPMENT, Adequate space should
be allowed for system components. General Iy, at kmt
three (3) feet of space should be allowed betwem
equipment components i“ rows and equipmsnt corn.
ponents and walls. This will provide a rni”imum amcwnt
of work area to sewice equipment,

SPACE FOR WORK AREAS. Adequate ~me should
be allowed for work areas wound equipment, Furniture
used by personnel, such m tables and chairs, and are=
used for storage, should be taken into amount.

WORK.FLOW PATTERNS, Space requirements should
be considered to allow wfficient work-flow patterns
beiween work areas, Input/output devices usually
require ease of visual obsmvation from more thm one
location.

STORAGE SPACE. Storage spwe should be provided
for suppli~ necessary for system operaticm.

ELECTRICAL POWER. Electrical power requires space
for ikolation transformers and Kne voha~ regulators
if used. E Iecsrical panel boxes require space to allow
access by personnel. Overhead space is required for
fighting and wall spare .mdlor raised floor space for
power outlets

CABLES. Power cables and equipment cables should
OCCUPYfloor or overhead space if raised floors are not
used

ENVIRONMENTAL EQUIPMENT. Air conditioning andl
or humidifying equipment may require both floor space
and duct space,

FIRE EOUIPMENT ANO HAROWARE. Space require.
mentz should be considered for spinkler systems, fire
extinguishers, and alarm systems,

FUTURE SYSTEM EXPANSION. Some considerations
should & given for fMwe expansion of the system,

2.6.3.2 ENVIRONMENTAL REQUIREMENTS FOR
COMPUTER SYSTEMS, Reliability of computer systems
and their components depends largely o“ operation of
equipment in a controlled environment. This requires
temperature and humiditv levels to be rnaimained within

consider separation of some types of equipment. Printers
can contribute to air contamination, whereas disk drive
systems demand a clean air environment for Io”g.term
reliability, Both EM I and power line noise can interfere
with operation of electronic circuits. Potential EM I
problems may require shielded equipment rooms Power
line noise usually requires hne ikolati.m and may require
special filtering andlor Ii”e regulmicm. Noise Iwels for
system Componen- may need to k determined and site
designs should take into amount acoustic shielding tech.
niques. Comrol over Iighti”g cmd proper placement of light
fixtures in a room can minimize problems of reflections and
glare fmm video display screens,

SO.I.3 m 4 I
Exhibit 2,6.1 111.smtim of computer Symm h controlled

Env!mnmem,HighllqhtingEffective Placement
of Light Fixtures, and Wmd.Deadening
ceiling Tile5

2.6.3.3 ELECTRICAL POWER REQUIREMENTS FOR
COMPUTER SYSTEMS, Elecwicaly powered computers
and their components me designwl to operate from a clean,
constant supply of a.c. power. This a.c. power must be kept
within manufacturer-specified tolerances in order fw equip.
ment to operate properly and safely, Power dissurbancaz
are a common occurren= at compwer sites and are a major
cause of malfunctions in computers, These disturbances
fall into five categories

a,

b,

c.

d,

e.

DECAYING OSCILLATORY TRANSIENTS. These me

caused by the switching of power factor correction
capacitors and from other network load s.vitchi”g.

VOLTAGE SPIKES, Thess are .awd by power net-
work switching, user equipment operation, and lightning.

UNOERVOLTAGES ANO OVERVOLTAGES, These
conditions of dwation greater than ,% cycle are ca”ti
by the Wplication of heavy loads to the power line, by
fadts, rmd by the subsequent lag time of fault.clearing
devices.

POWER OUTAGES, These conditions of duratirm
greater than one cycle are caused by faults within the
user network or by a breakdown of utility power
VansmiSion equipment.

NOISE. This noise conws from sources external to the
system and is injected into the power line, These sources
include welding equipment, X.ray machines, and other
sources which may generate radio frequemy (R F).

The effects of them disturbances must be kept to a minimum
within electrical wiring and grounding designed for she
Com!wter svstem, Gmundina svsswm should in.soroorate

specified ranges. The control of air flow rmd good dktribu.
tion pr?ven% equipment from overheating. It is desirable to

. .,.
the concept of a single point ground to minimize thei!
effects.
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2.6.4 SPECIFIC PRINCIPLES

2.6.4.1 ENVIRONMENTAL REQUIREMENTS FOR
COMPUTER SYSTEMS. Site design for maintain~ility and
reliability of a computer system requires that reasonable
control be maintained over the syatam’s operating anviron-
mant. The following points should be considered:

a. OPERATING TEMPERATURE. 65 to 75°F (18 to
24°C); temperature rate of chenga-3.6°F/hr. (2°C/hrl.

b. RELATIVE HUMIDITY. 40 to 60% non-condensing;
humidity rate of change–2%/hr.

c. AIR. An air distribution system should provide cool,
well-filtarad, humidified air with room air pressure
kept higher than the pressure of adjacent areas to
prevent dust infiltration, Windows and doors should be
weather tight. Slow-operating door closars should be
avoided. Doubla glass is recommended for large window
areas. Soma equipment genarates more haat than others
and requiras mora cooling air. It is desirable to have an
efficient method for distributing and balancing tha f low
of air. ... ,,..,,..,,

d. AIR FILTERS. Air circulating through an air con-
ditioning system and air entering a computar room
should be filtered. Permanent filters or combinations
of raplecaabla end permanent filtars should be used,
Permanant filters should be aesily washabla and in
compliance with fira code standards. Other filter con-
siderations include

● High aff iciency at low pressure drop.

● Trouble-fraa operation.

● Elimination of downstream dirt during replace-

ment.

● Minimum maintenance.

● Simple installation.

● .Particle-free air at minimum cost.

Special air filtration is necessary only whare installations

ara exposed to corrosive gases, salt air, or unusual dirt

or dust conditions. If these conditions exist, an air

filtration specialist should ba conau Ited. The recom-

mended operating environment should filter tha air to
10 microns.

a. STATIC ELECTRICITY. Static electricity can affect
the operational characteristics of computer system com-
ponents. FIoor covaring material can contribute to the
build-up of high static electrical charges which result
from tha motion of people, carts, furniture, etc. in
contact with the floor material. Static build-up on the
floor can be minimized by taking the following pre-
cautions

(1) Use floor tila or other floor surfaca material which
has a surface resistance of 0.5 megohm (minimum)
to 20,000 magohms (maximum) at operating
limits of 20 to 80% relative humidity and tampara-
turas of 60 to 90°F (15 to 25°C), meaaured
between floor surface and building ground.

(2) Use carpeting of the type designad to minimize
the effects of static electricity. Carpeting may have
a braas mesh woven throughout the backing or be
designed to prevent build-up of static through
special ionizad nylon filaments.

(3) Adecwataly ground flooring consisting of meteI
panels or flooring with matal edgas.

f. ELECTROMAGNETIC INTERFERENCE (EMI).
Sources of radiation, such as highpower radio frequency

(RF] or Puke transmitters, which are in proximity to a
computer system or its components, may affect system
operation. The effect of these emissions can be mini- m

minimized through facility designs and equipment
installations which incorporate good shielding practices.
Design and installation practices should include:

● Grounding window screens and othar large metal
surfaces.

● Using interconnection cablas with a grounded
shiald.

● Using additional grounding within systam cebinets–
chassisto cabinet.

● 8uilding a screened room or EM I enclosure.

● Posting signs stating that use of EM I generators
(e.g., radio transmitters) is prohibited within a
designated area.

g. ACOUSTIC NOISE. Facility designs should minimize
acoustic noise which may interfere with maintenance
operations by:

● Grouping high level noise devices (disk and meg-
mrtic tape drives) and isolating them in acoustically
damped rmms.

● Designing walls and ceilings using acoustic materials
and allowing for use of sound-absorbing partitions.

● Using double windows (two panas of glass) where
offices or other personnel work areas are adjecant
to the computer system installation.

h. LIGHTING. Video display tarminals and stand-alone
computers utilize cathode ray tubas es output viewing
devices. To anable a technician to view a display, sur-
rounding room illumination may need to be reduced -
or controlled. In particu Iar, ref Iections and glare from
ovarhead light should be considered in room designs.

2.6.4.2 ELECTRIC POWER REQUIREMENTS FOR
COMPUTER SYSTEMS. Electrical power stability in terms
of voltage and frequency and a welldesignad distribution
systam employing proper grounding techniques contribute
to tha maintainability of a computer systam and its com-
ponents.

a.

b,

c.

d.

e.

VOLTAGE AND FREQUENCY. Line voltage dis-
turbances greater than * 10% from nominal and a
duration graater than X cycle at the input to an
operating computer system may cause system mal-
functions or errors. Accepted tolerances are t 10% for
a.c. voltages and *2% for frequency at 60 Hz.

SYSTEM POWER REQUIREMENTS. The available
supply of a.c. power should be adequate to handle
power loads of tha contemplated computer system
and any loads which are likely to be imposed by future
expansion.

POWER TRANSFORMER. A separate power trans-
former is advisable for the computer system.
Transformers specifically designed for computer systems
offer noise suppression through the use of en electro-
static shield.

POWER FACTOR. A power fector of greatar than
0.85 is desirable for a fully operational computer
systam.

MAINLINE CIRCUIT BREAKER. The feeder lines
supplying powar to the computer system should be
protected by a mainline circuit breaker and be accessible
to operating personnel. A light should indicate when
powar is “ON.”
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f, POWER RECEPTACLES. Power lines should terminate,
where ooaaible. in National E Iectric Manufacturers
Asaocia~on (N”EMA) receptacles. To minimize the
effects of ground loops and other forms of noise
induction, receptacles should not have the safety ground
connected to tie conduit tabs internal to the socket.
If safety ground is not isolated from conduit by a
constant voltage isolation transformer, afforts should
be meda to isolate ground from conduit and neutral
throughout the power distribution system. Required
grounding should be made at the service entrance.

PROTECTIVE OR SAFETY GROUND. The protective
or safety equipment ground is a green covered con-
ductor in a multi+onductor cable and is used to prevent
the build-up of dangerous voltages on equipment and
provides protection for personnel. It assures that any
short circuit between a power phase and the cabinet
wil I draw enough current to trip the circuit’s protective
dwice immediately, rather than raise the potential of
the equipment to a dangerous level. A single-point
ground system should be used and all “green-wire”
grounds tied together at the circuit breaker loed center.
The load center panel should have a copper ground bus
to which all equipment grounds can be attached.

CONDUIT AND PROTECTIVE GROUND. Conduit and
protective ground are oftan connectad together by tha
NEMA re@ptecles or at the circuit breaker neufral bus
bar. Attempts should be made to isolate conduit ground

DESIGN OF COMPUTER SYSTEMS FUH lUIAIN IAINABILITY

i.

i.

k.

from protective ground and a.c. neutral. Ideally, the
equipmant frame ground should be isolated from tha
protective ground and a.c. neutral all the way beck to
tha building’s main ground staka.

A.C. NEUTRAL. A.C. neutral must not be confused
with protective ground and nwer be cwmected to it
except at tha building’s main elacwical service entrance.
A.C. neutral must not be connected to equipment on
conduit ground, A.C. neutral must be isolated from all
building structures, equipment frames, cabinets, panels,
and grounds if it is to prevent unwanted signals and
noise from being introduced in the computer system.

CABINET OR RACK GROUNDS. Cabinets or recks
bolted togethar should heva their frames electrically
tied togethar using #4AWG (5mm, 0.2 in.) coPPer
conductor or silver copper mesh straps.

EARTH CONNECTIONS (Ground), The resistance
between tha sits grounding structure and tha actual
earth must be maintained at less than 10 ohms. A
copper ground rod of greetar then 0.625-inch diameter
should be driven at least 12 feet into tha soil or deeper
if subsequent measuremants indicate that the impedance
axceeds 10 ohms. Chemicals (e.g., common salt, mag-
nesium sulphata) and periodic watering may need to
be added to the soil surrounding the rod within a
three-foot diameter and to a depth of two feat. A
maintenance schedule to measure ground impedance
should be maintained.

2.6-5
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PERSONNEL 3.0

ENGINEERING ANTHROPOMETRY IN
THE DESIGN FOR MAINTAINABILITY 3.1

3.1.2 DEFINITION

Engineering anthropometry, as used in these guidelines, refers to the application of physical
measurement methods to human subjects with respect to such characteristics assize, mobility,
and strength.

NOTE

The dimensions presented in this section wil I directly impact workspace design for maintain-
ability (Section 2.1 ) and should be used in conjunction with those principles.

f-l

‘f-’)
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3.1

.n
3.1.3 PRINCIPLES

ENGINEERING ANTHROPOMETRY IN THE DESIGN FOR MAINTAINABILITY

should be designed to accommodate the 5th to tha 95th
percentile technician. Major body-size dimensions are

3.1.3.1 ANTHROPOMETRICS, Plant systems and facilities presented below:

f’=

f=

,!!% q qQ p!!#J$
—,

U!lQ!s Facenralq 11. Foplimk Nd@ht linehd

1.y6J~[U@$)w SQ 32!! mm &QafLzSISl fUlf13Sl@l
Wd* 17.4 0s 15S le3 16S 175 \8.1 16S 169

t78S 23S 143.2 146a 161.7 177D 1644211.42212
Fand* 162 0.7 15.0 153 16.7 162 165 17,1 17,4

%nah 1273 16s 1023 106.S 11S.5 128.1 137.1 146S 1663 12. Buuock-Km,Lmeth (inched

2. Sweuro Iinalmd
male 24.1 1.1 223 226 233 24.1 24S 255 25S

Malt 70s
Fem81#

26. *.4 673 66S
228 1.0

70.7 723 73,7 74.5
21.0 213 21s

F ,neIa

226 233 24.0 24.4

63S 2.4 @O 60.7 62.1 634 66A 66S 67S
13. Sunock<df L.neth hchosl

3. SMUlder N,iit (Inches)
Mtio 20.1 1.0 lB.4 16.7 16,4 ZfJ.1 20S 21.4 21S

Malt S7S 23 MO 66S 663 66D S65 60S S15
Fred* 16,6 1.1 17.1 17.4 18.0 16.7 165 202 ~.?

Female 619 22 4S4 46.1 60A 619 63.4 54S 55S
14. Shwidw. Elbow Ler@h (inch?.)

4. EIODW14tieht {inched
M#le 143 0.7 132 13A 13s 143 14a 152 15.4

W*S 44A 1s 416 42.2 43.5 44S 46.1 47.1 47.7
Fwna10 (NM mcmurti In 1666 sur~)

fmvl, (NOI rneoewcd In 1666 NW]
16. EltewGrb Lweth (inched

6. Fi~ NdehI (Inchd
Mda 14D 08 130 132 13s 14D 14.4 14s 15.0

M#t 269
Fmnda

1.4 245 26.0 26.S 26S 27B 26.7 262
(Not mmwrd in 163S wrvwl

Fmna, ff40t m-wmel In 166S urvey) 16. Thumbtio rcmh (itwhml

6. eiitire H@#It (inclwd
M*c 32D 1S 26A 20.0 309 319 33.0 34D 246

M*c 37D 13 360 35A 36.1 37D 378 36.7 39.1
!%’lule 262 15 265 272 28.1 26.2 302 31.1 31.7

Femelc 33.7 13 31.7 32.1 32A 33.7 34S 363 35B 17. Thumb.elp El#odI Emctiod firchd

7. SinhS Eye Hc~lIt (inchd
Molt 356 16 326 333 24A

Mel.

356 268 38D 36.7

322 12
Fmule

302 306 313
330 16

32.2 33D 33B 343
26.6 306 31.7 32S 343 35B 36.2

Fmnl, 26D 12 27.1 27S 2a2 26D 26S 306 31D
16. Shoulder BrudIh Iirchts)

6. 6ittlna !$heuw Mc46M (itwhwl
Mdc 16.1 1.1 17.5 17S 16.4 19.1 16S 205 21.0

M** 243 1.1
Ferimh 16.5

22s 22s 23B 243 25.1 25B 262
0s 15,1 15.4 15.s 16A 17,1 17.7 16.1

FcmaI@ (Nor mamurad in 1s66 Iumv)
16. H@ 6roadth (inches)

6. Elbow RmI 14eleht(irwhad
Male 14D OS 12s 13.1 135 14D 146 15,1 15,5
l%nd* 13.6 0.6

M#le 10.1 1.1 63 6.7 e3
12A 12.7 13.3 13.7 143 14.6 153

10D 10S 11A 11~
F,nule 6.6 10 7A 7.7 63 a9 6S 102 105 2!. Hip Breodth Seoud Iinchd

M-l,
10. Kmc Naiaht Sitting Ilnchsd

1S.1 lD 136 13S 14A ISD 15.7 16.4 16S
Fwnde 150 1.1

Mde
133 13.7 t43

222 ID
15D 15.7 165 17D

203 20s 21a 223 22S 23.6 23B
Fwmle mm -md in 1666 SwvQvl

21. Formrm w Fomwm Brdth (inchml
Ma18 21s 15 16.1 IBB 205

Bouroe Ref. 20
215 226 236 242

Fwmal, (NOIm-wad In 1666wvevl

Exhibit 3.1.1 Power Plant Anthropometric Data Baae

3.1.3.2 HUMAN STRENGTH CAPACITIES

a. Equipment SVstems and facilities should be designed
so that excessive strength demands are not made on
the technician.

b. Maintenance tasks shouId not require weightlifting
values which exceed the following values:

Height of Lift Maximum Weight
From Ground of Itern

1ft. 85 tbs.

2 ft. 80 Ibs.

3 ft. 65 Ibs.

4 ft. 50 Ibs.

5 ft. 35 Ibs.

6 ft. 29 Ibs.

NOTE: The above values assume that the item
to be lifted is of convenient configuration (not
more than 15 inches long or 12 inches high, and
with acceptable hand 1SSor grasp areas). For a
two-pereon lift, the values provided above can be
doubled.

SeurcEX Ref. 20

Exhibit 3.1.2 Maximum Weight-Lifting Values
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3.1 ENGINEERING ANTHROPOMETRY IN THE DESIGN FOR MAINTAINABILITY

c. Push and pull forces required by technicians should be
within the following limits:

Horizontal
Force*:

At Laest

lOON [25 Iba.)

nssh or pull

!OON (45 Ibe.)

tush or pull

EON (66 lba.)
Mlsh

)~N (70 Iba.)
rush or Pull

Applied With

both hands or one

shoulder or the beck

both bends or one

shoulder or the beck

one hand

both hands or one
shoulder or the beck

iODN (110 Ibe.) both hands or one

tush w DU!I shoulder or the beck

EON (166 Ibs.) the tik
w sh

Condition
k: Coefficient of Friction)

with low traction
0.2 <JL<O.3

with medium traction
Ja’”os

If braced against e vertical
well 610-1525 mm
(2040 in.) from and
perallel to the push panel

with high traction
Lt>o.8

If braced ~einst a vertical
well 510-1780 mm
(20-70 in.) from and
parallal to the panel,

or
if anchoring the feet on a
perfectly nonslip ground
(Iika a footrest)

If braced egeinst a vartical
well (600-1 100 mm)
(2343 in.) from and
parallel to the push panel

or
if anchoring the feet on a
perfectly nonslip ground
(like a footrest)

“Mey be doubled for twoand tripled for three technicians pushing
simultaneously. For the fourth and each additional technician, not
more than 75% of their push capability should be added.

LOW/MEDIUM/HIGH TRACTION

f!iikt!kd!kL
USE OF FOOTREST

L
BRACEO AGAINST VERTICAL WALL

rNiiill’!Ld
source Ref. 11

Exhibit 3.1.3 Maximum Push-mll Forces (for males)

3.1-4

Values in pounds
Data for Men and Women, 5th and 95th percentiles

$ii!
,,/

A. STANDING TwO-HANDED PULL:
38 cm (15”) LEVEL

Standing with feet 45 cm (18”) apart
and kneesbent, bendingat waist, grasping
both sidesof 45 cm (18”) long handle
located directly in front, 38 cm (15”)
above standing surface, and pulling,
using primarily arms, shoulders and legs.

M5th W5th M95th W95th

Mean force 166 74 304 1s4
Peak force 190 89 323 200

B. STANDING TWO-HANDED PULL:
50 cm (20) LEVEL

Standing wifi feet 45 cm (18”) apart
and knees straight, bending at waist,
graspingboth sidesof 45 cm (1S”)
long handle located directly in front,
50 cm (20”) above standing surface, and
pulling, using primarily arms and
shoulders.

M5th W5th M95th W95th

Mean force 170 73 302 189
Peak force 187 84 324 203

C. STANDING TWO-HANDED PULL:
100 cm (39”) LEVEL

Standing erect with feet 45 cm (1S”)
apart, graspingboth sidesof 45 cm
(1S”) long handle located directly in
front, 100 cm (39) above standing

surface, and pulling, usingthe arms.

M5th W5th M95th W95th

Mean force 100 42 209 100
Peak force 113 49 222 111

D. STANDING TWO-HANDED PUSH:

1.-
1<....

150 cm (59) LEVEL

Standing erect with feet 45 cm (1S”)
apart, graspingfrom below, both sides
of 45 cm (1S”) long handle located

directly in front, 150 cm (59”) above
standing surface. Pushingupward using
arms and shoulders.

M5th W5th M95th W95th

Mean force 92 34 229 e5
Peak force 106 42 246 97

E. STANDING ONE-HANDED PULL!
10tt cm (39”) LEVEL

Standing erect with feet 15 cm (6”)
apart, dominant hand graspingundemide
of D-ring located directly to the side,
100 cm {39”) above standing surface,
pulling upward while keeping shoulder
square and other arm relaxed at side.

M5th W5th M95th W95th

Mean force 48 23 141 64
Peak force 56 30 163 72

F. SEATED ONE-HANDED PULL: SEAT
CENTERLINE 45cm (1S”) LEVEL

Sitting erect with feet 55 cm (22”) apart,
dominant hand graspingunderaide of D-
ring located directly to the front, 45 cm
(18”) above the floor, pulling upward
while keeping shoulders square and other
arm resting in lap.

M5th W5th M95th W95th

Mean force 51 24 152 SS
Peak force 61 29 170 101-- -.

(Exhibit 3.1.4 Continued on next page)
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n,

%urc@ Ref. 11

G. SEATED ONE-HANDED PULL: SIDE
OF SEAT, 45 cm (18”) LEVEL

Sitting erect with feet 55 cm (22”) aPart,
dominant hand graspingunderside of D-
ring located a short distance to side,
45 cm (18) above the floor, pulling
upward while keeping shoulders square
and other arm resting in lap.

M5th W5th M95th W95th

Mean force 54 25 136 76
Peak force 61 30 148 89

H. SEATED TWO-HANDED PULL:
CENTERLINE OF SEAT, 36 cm (16”)
LEVEL

Sitting erect with feet 55 cm (22”)
apart, banding slightly at waist, grasping
both sidesof 15 cm (6) long handle

located directly to the front, 38 cm

(16“) above tha floor, pulling upward,
usingarms and shoulders, keeping arms
off thighs.

M5th W5th M95th W95th

Mean force 134 54 274 173

Peak force 157 64 298 189

1. SEATED TWO-HANDED PULL:

CENTERLINE OF SEAT, 50 cm (20”)
LEVEL

Sitting erect with feet 55 cm (22”)
apart, bending slightly at waist, grasping
both sidesof 15 cm (6”) long handle
located directly to the front, 50 cm

(20”) above the floor, pulling upward,
using arms and shoulders, keeping arms
off thighs,

M5th W5th M95th W95th

Mean force 118 46 237 142

Peak force 134 53 267 157

Exhibit 3.1.4 Meximum Pull Forcm for Men and Mbmen

(5th and 95th Psrcenfllea)

d. Arm, hand, and thumb-finger strengths required of
technicians should be within the following limits

&p”L<-G$pu.,

II)

Degree of Elbow
Flex Ion

Mae)

iao

lm

120

,s0

eo

Arm Strength (Lb}

(2} I (3) I (41 I la} I (a)
Pull Push I UP Down I In

mlm
LR” LR LRLRLR

50524250 91413171320

42563042151 slsm15 m

34422636172421mm 22

3237223a 1720212616 16

2624223415 mlsm17 m

L
—

a
a

10

10

12
—1

(7)

out

R

14

15

15

16

17

Hand, and Thum&F inear Stre@h (Lb)

I (ei {9) I (10) I
Hand Grip Thumb.Fingar ThumbFinger

L R Grip (Palmed Grip (Tips)

Momenterv Hold 56
I

60 13 13

.Smfainad Hold 33 36 a 6

I

“ - Left; R = Rleht. I
Sourcw Ref. 11 I

Exhibit 3.1.5 Arm, Hand, and ThumbFinger Strength
(5th percentile, Mala)

e. Lag strengths required of technicians should be within
the following limits

8

,~
eeeeleelae wemel

msea.mmLa w. oeoncfa

aew Ref. 11

THIGH ANGLE (al

H

1 -15-6°

2 +5and10

3 75-le

4 33-36

6 4649°

‘SMITING ANGLE

r xNSE STRAISJMT

Exhibit 3.1.6 Leg Strength of Various Krree and Thigh
Angles (5th Percentile, Male)
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PERSONNEL 3.0

ENVIRONMENTAL CONDITIONS AND
CONSTRAINTS AFFECTING MAINTAINABILITY 3.2

3.2.2 DEFINITION

Environmental conditions and constraints, as used in these guidelines, refer to certain aspectsof
the total system within which maintenance is performed and external to the equipment itself
that can affect task performance of the technician. These conditions and constraints originate
from the following sources: temperature, humidity, noise, vibration, illumination, and radiation.

NOTE

No attempt is made in these guidelines to cover all aspectsof environmental factors
that affect maintainability. The intent of the guidelines is to emphasize human
tolerance limitations and recommended levels for environmental factors as they are
significant to maintainability.

3.2-2



3.2.3 GENERAL PRINCIPLES

3.2 ENVIRONMENTAL CONDITIONS AND CONSTRAINTS AFFECTING MAINTAINABILITY

3.2.3.1 Systems should be designed to accommodate
deviations from specified tolerebla conditions. These
deviations may result in:

a. The need for using protective clothing, dwices, etc.
which may affect the mobility and accessibility of the
technician.

b. Tha need for increased maintainability because of
reduced equipment reliability.

c. Use of procedures which require longer maintenance
times.

d. Conditions that cause increased errors, oversights, etc.
which are detrimental to overall system performance.

3.2.3.2 In tha design of systems for maintainability, the
following environmental influences must be taken into
consideration:

a. Effacts from the natural or geographic environment.

b. Specific subsystam effects, materials, or elements such
as vibration sources, pressure end temperature from
steam lines, toxic gasdischarge, radiation, etc.

c. The cumulative, conflicting, or interacting effects of
environmental influences in the final and fu II system
configuration.

3.2-3
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3.2.4 SPECIFIC PRINCIPLES b.

3.2.4.1 EQUIPMENT OPERATING CONDITIONS. Un-
sheltered equipment for outdoor use should be designed
to operate to the following tolerencas. (Note: These
tolerances ham bean derived for aaroneuticel eauisxnant

HUMIDITY:

(1} Operating: Up to ILK)% at 37°C (lOO°F)
including condensation.

[2) Nonoperating: Up to 100% including conden-
sation.

SOLAR RADIATION:

Endure a sular intensity of 360 BTU per square foot,
per hour for a period of 4 hours (minimum) at 52°C
(125°F).

WIND:

Withstand wind pressures up to 30 pounds per square
foot of projected surface, either empty or under load.

OTHER CONDITIONS TO BE CONSIDERED:

and are meant to serve only as reference benchmarks.) c.

a. TEMPERATURE

(1) Standard area:

● Operating -29 to 52°C (-20 to 125° F).

● Norr~erating -54 to 54°C (-65 to 13@ F).

(2) Cold weather area:

● Operating: -40°C (-40° F ) If operator
unsheltered.

● Operating: -54°C (-65° F ) if operator
sheltered.

d.

is e.

is
(1) Salt atmosphere, as encountered in coastal regions

or ocean transport.

Sand and dust, as encountered in desert regions.

Insacta and fungi, as encountered in the tropics.

Ice and snow loads.

Rainfall.

NOISE LEVELS AND PROTECTiON

(2)
● Norwparating -B2°C (-80° F) for 3 days and

achieve rated capacity after 30
minutes pre-heating and warrn-
Up. . . . -,

(31 D-rt and tropical areas

(3)

(4)

(5)

● Operating: 52°C ( 125°F). 3.2.4.2

● Non-cmeratirm 71°C (lBO° F) for 4 hours per a. Noise levels should be minimized wherever practical and
day indefinitely. should never exceed the following limits:

I Pemi saible Noise Levels I
vs. Frequetwy ●nd tff ect~

Uo EAR PROTECTION REQUIREMENTS:

‘ --- --- --- --- . . . .
“~ 3

-1 .- Mrndmorv for snv ●stposure.
e

- ~L!LLJL-

Recmc ad Mdmwn
z rj~~ noise level at oar

.J q ,- g ‘0’ “~ -
sure.

y
.
0
~

Eax

.

f’-’)

Msnd.tory for 1% exposure.

k
Olco
z

$
w

I

~ 3 *H Mend.to. for 10%mp..re

Mmdatorv for 100% ●xposure.

II Recomrnarrdd for 100% ●xposure.

.~
2C-75-15& 3CG@0-120&2Mm- ~
75 150 3C0 6c0 1200 2kO0 w 10WO

FREQUENCY BAND km)

Exhibit 3.2.1 Noiss Lewl Limits

b. Wernings should be posted to prevent unprotected [3) Placing noise-producing sources on mounts that
reduce vibration.technicians from entering areas with noise levels &ove

130db, even for short periods of time.

When possible, freely moving parts which contribute to
noise should be dampened or eliminated.

Where it is not possible to design equipment to
eliminate noise production, the amount of noise trans-
mitted should be reduced bW e.

(1) Increasing the distance between the work area
and the noise source.

(2) Enclosing noiaa-producing sourc=.

(4] Soundproofing the work area to reduce vibration
and rwarberetion.c.

d.
(5) Designing auditory alert and warning signals to be

at Iaast 10db above maximum ambiant noise levels.

Where noise levels cannot be reduced by equipment or
system design, technicians should be provided with
suitable ear protection.
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3.2 ENVIRONMENTAL CONDITIONS AND CONSTRAINTS AFFECTING MAINTAINABILITY

3.2.4.3 VIBRATION LEVELS AND PROTECTION

a. Vibration should be minimized whenever practical and
should never excead the following limits:

10
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FREQUENCY IN CPS
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Exhibit 3.2.2 vibration Level Limits

b. Equipment should be designed to resist vibration and
shock or to be isolated from such action by shock
absorbers, cushioned mountings, springs, or fluid
couplings.

c. Rotating equipment elements should be properly
balanced.

d. Seated technicians are most affected by vertical vi-
brations; prone technicians by horizontal vibrations.
Damping materials or cushions should be provided for
standing or seated technicians.

e. For seated technicians, vibrations of 3-4 CPS should
be avoided since this is the resonant frequency for a
person seated.

f. For critical maintanence operations which require
letter or digit discrimination on displays mounted on
machinery that is not vibration-free, display size and/or
illumination should be increased to improve reading
speed and accuracy.

3.2.4.4 LIGHTING LEVELS AND PROTECTION

a. Adequate light levels should be provided for tha tech-
nician to perform in all work areas. Recommended
levels are presented below:

Light Lwel Teak Conditions Typa of Lighting

100 or more VerV difficult and prolon@ supplementary; special
visual tasks with obj~ of fixtures eush asdesk
low bri@rsess and contrast lamps.
hi@ speed and extreme
eocurq required,

W or more Small detail, fair contrast, 3upplemantary.
claw work, speed not
assential.

25 or more Prolorrgd reading, assembly, Local lighting; ceiling
general office. ordinary fixtures directly ovar.
bench, or laboratory work. heed.

10 or more Occasional reading, wesh- General lighting.
rooms, power plants,
waiting rooms, and kitiens.

5 or more No detail vision, stairways, General or supplementa~
or supply warehouses. lighting.

aOUrCWRef. la

Exhibit 3.2.3 Recommended Illumination LWel$

(in Foot.Candles et the Work Point)

b. Lighting should be arranged in such a way as to provide
an equal level of illumination over the entire work area,
To help determine task lighting requirements, the
following brightness ratios should not be exceeded:

c.

Luminawe
Area Ratio

Task area versusadjacent darker
surroundings 31

Teak area versusedjaoent Iighwf
surroundings 1:3

Task area versusmore remote
darker surfaces 101

Task area versusmore remote
lighter surfaces 1:10

Luminaries versussurfaces
adjacent to them 20:1

Anywhere within normal fiald
of view ml

Soixew Ref. 10

Exhibit 3.2.4 Maximum Task Area Luminance Ratios

Glare, usually due to the presence of direct or reflected
light within the field of vision, should be avoided by:

(1)

(2)

(3)

(4)

(5)

(6)

Using surfaces and painta which diffuse rether than
reflect light.

Avoiding bright surfaces with in the working visual
field.

Avoiding bright light sources within 600 of the
central visual field.

Placing lights high and directly above the work area.

Using indirect lighting wherever possible.

Using diffused lighting whamspo%ible, spaced high
and close together.

3.2-5



3.2 ENVIRONMENTAL CONDITIONS AND CONSTRAINTS AFFECTING MAINTAINABILITY

(7)

(8)

(9)

Arranging light sources to avoid equal lighting and 32.4.5 TEMPERATURE AND HUMIDITY LEVELS AND

viewing angles. PROTECTION, Tha environment within which

Providing shialds, hoods, and visors to reduce or the maintenance technician must work should not

prevent glare. exceed the tolerance limits provided below:

Using numerous low intensity sources rather than
a few intens onea.

10s

...44_k-5’~~A=
DRY TEMPERATURE (°F)

lderdo temperetw+wmidity requirements (with conwntkmd dothh!d
Some:Ref. 2.S

Exhibit 3.3.5 Temperatureend Hum”tity Tolerance Limits

32.4.6 NUCLEAR RADIATION LEVELS AND

a.

b.

c.

d.

e.

f.

9.

PROTECTION

Long-handled tools, remotely oparated controls, end
similar approaches should be used, where feasible, to
separate maintenance technicians from sources of
radiation to the maximum extent possible.

Equipment located in radioactive areas should be
designed to accommodate maintenance technicians
weering protective clothing.

Equipment located in radioectiva work areas shouId be
designed to allow completing maintenance work
efficiently given the reduced menual dexterity because
of protective clothing.

The designs for facilities and equipment which are
located in radioactive areas should optimize speed of
maintenance operations to minimize stay times and
associated exposure levels.

Traffic mutes near radiation sources or through po-
tentially radioactively contaminated portions of the
facility should route personnel away f rorn radiation
exposure sources es much as possible.

Access openings associated with equipment in redio-
activa areas should be sited to allow convenient end
speedv entry end exit by technicians who span the
enthropometric range while being burdened by
protective clothing.

Permanent or fixed accessprovisions should be available
to equipmant which is located in radioactive work
areas to eliminate radiation exposure incurred by
erecting temporary accesses,e.g., scaffolding, shielding.

h. Control and storage of contaminated debris, work
aids, spare parts, etc. should be edequata to prevent
hindrance to the mobility of personnel end vehicles.

i. Storage provisions for contaminated equipment and
stores used during outages should be adequate to
prevent these items from obstructing normal pasaega-
ways for personnel and vehicles.

j. Normally contaminated work areas or facilities should
be sited and configured to allow ample room for
radiation waste barrels, step-off pads, contaminated
clothing collection barrels, cordon stands, etc.

k, Remote viewing techniques such as cbsed circuit TV
should be considered for coordinating maintenance
activities with a minimum of exposure to radiation
on the part of those who support maintenance, i.e.,
operators, QC inspectors, etc.

1. Use of viewing provisions [that block radiation ex-
posure) in normally opaque shialding walls should be
considered to protect personnel who oversee mainte-
nance work.

m. Protective clothing and associated gear should be
designed to withstand multi-stress environments, a.g,,
heat and radiation.

n. Facilities should be auailable to ensure en adequate
supply of clean, decontaminated protective clothing,
especially during peak workload periods (e.g., laundering

facilities for washable gear, store facilities for issue of

one-time use disposable gear).

o. Procedures or other maintenanm information sources
should be readily available to the technician working n
in contem inated areas. Where procedures and forms

3.2-6



/“’”=

3.2 ENVIRONMENTAL CONDITIONS AND CONSTRAINTS AFFECTING MAINTAINABILITY

must make the transition from “hot” to “clean,” copies p. Both inhousa and contractor perstxsnel assigned to
should be used so that contaminated paper stays behind. work in radioactive areas should receive sufficient
A mpy machine, strategically located at the boundary training, including mockup rehaamels, to ensure
of the “hot” area should also be considered. maximum task performance and minimum stay times.
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PERSONNEL 3.0

MAINTENANCE INFORMATION 3.3 -

3X2 DEFINITION

Maintenance information, as used in these guidelines, refers to procedures, manuals, instruc-
tions, and job aids (e.g., flow diagrams, schematics, drawings, decision trees) used by the
maintenance technician to perform his/her job.

NOTE

No attempt is made in these guidelines to identify or summarize the numerous military and
civilian specifications and guides which addressthe preparation of instructional materials.

3.3-2



~ MAINTENANCE INFORMATION

n

3.3.3 GENERAL PRINCIPLES

3.3.3.1 Ideally, wery maintenance operation should be
covered by a procedure(s) prepared and teeted during the
dweiopment of the system. Without procedures, mainte-
nance effectiveness will be reduced because of excessive
trial-and-error performance required by the technician.

3.3.3.2 Information contained in procedures, manuals,
instructions, and job aids should not be excessively re-
dundant among the maintenance documentation and with
information the technician already possesses.

3.3.3.3 Maintenance information should be compatible
with the capabi Iities and limitations of the personnel whc,
wil I be using it and with the anticipated environmental
conditions, equipment characteristics, and task requke-
ments.

3.3.3.4 Maintenance instruction should not require the
technician to work near dangerous voltages or delicate
components. Procedures which require work to be per-
formed in araas of contamination should always specify
the protective equipment and measures necesery to work
safely in this environment.

3.3.3.5 Maintenance information should be based on a
systematic analysis of the tasks which are required in the
performance of the maintenance activity.

3.3.3.6 Maintenance information should be prepared
end/or rwiewed by parsonnel who ara knowledgeable
in techniques of instructional preparation and the technical
subject covered by the information.

3.3.3.7 Maintenance information should be validated by
means of field teats to ensura clarity, comprehensiveness,
end effactivenese.

3.3.3.8 Job performance aids (JPAs) should be considered
for use by maintenance technicians in highly complex tasks

43 Njuer Power 6wplv

● Connect OVOM to -t @nm 6 (-) erd 6 (+) on
* of unit. If Vohase I’eaiaamaso * 0.03 skb to
S* 4A If not praad m fdi~.

b. kew surer mwlv adiuet [R 771 M! cirault boefde.
c. lhe ecdriver to titust output to asro* 00J vofrs.

DsomucI OVOM.

d. cdl your ewawimr if outwt cmnor be duawd wirhh
~ifiiiom, othedee Pmcaad m 4.4.

SmP@ J* ?erformmm Ad (PA) f- develo@ bv
Klnton hw. for f?Rl Reeea!ch ?roiecr 13SS (Item AA].

6ouroo Ref. 20

:xhibit 3.3.1 Exunple of Job PerfomteneeAid (JPA

or major tasks with important safaty or availability impli-
cations.

3S.3.9 Maintenance information should be kept current
with equipment. W henwer new equipment or modifications
to equipment ara introduced, old maintenance information
should be rwised to reflect these changes.

3.3.3.10 Following are some of the more important features
that apply to preparing maintenance procedures

a. Maintenance procedures should be as brief es possible
without sacrificing necessary information.

b. Procedures should provide unambiguous results.

c. Required tolerances should be realistic for the level
of maintenance being performed (i e., field tolerances,
ahop or factory tolerances, naw part tolerances, replace-
ment pert tolerances, in-servica tolarences).

d. Procedural should be easy for the technician to follow.
Ideas and words should ba es simple to comprehend

= possible. Procedures aometimas can be simplified
by designing test equipment to do aoma or all of the
programming or sequential operations.

e. Tha number of decisions required to ba made by the
technician should be kept as few as reasonable and as
atraightfomvard as possible.

f. Exact, stepby-step procedures should be used (com-
pared to narratives). This form will allow inexperienced
technicians to Iaarn the procedura easily.

USE THIS NOT THIS

Assembling Injaotor T~pirtg Tool Assembling Injeotor Tapping Tool

1. Replace defective part. First, replace the defective part
from supply. Install nut end

2. Inatell nut and washer on weeher on hmd-tm shank.
hand-tap shank.

Next, place the rollpin in the
3. Install rollpin in nut. nut. Upon completion, chedr

the tapping tool for proper
4. Check tapping tml for performance.

proper operation.

Swrcw Ref. 1

Exhibit 3.3.3 Exemple of Stepby-Stap Instruction

g. Each procadura, if necessary, should explain how to
atart up and shut down the equipment.

h. Systematic troubleshooting procedures should always
be provided for the technician. Failure to do this may
nssult in the technician following inefficient or even
dangerous mathods.

i. Peges should be numbered”_ of —“ for recognition
of missing pages of a procedure.

i. Requirements should ba stated et tha outset of a pro-
cedure for the number, Iwel, and types of maintenance
parsonnel required to accomplish the teaks described
by the procedure.

k. All applicable documents pertaining to a procedura
should be listed in the initial portions of tha procedure,
to include list of tools raquired, list of parts and
materials required, safety precautions, and related
refarance documents (a.g., specif ications, drawings).

L Procedures should be as self-contained as possible.
The content and structure of procedures should mini-
mize the need for consulting other references.

3.3-3



3.0 PERSONNEL

3.3.3.11 Maintenance or test support functions, rests or

stands on which technical orders, manuals, or procedures
should be provided when required. Whenpermitted bydesign
requirements, such rests or stands shall be part of the basic
unit, rack, orconsole chassis.

Maintenance or test practices, procedures, or conditions
that may result in hazards or injury to personnel
or damage to equipment should represented inthe form of
caution statements.

Maintenance or test practices, procedures, or conditions of
special interest or importance that will aid in or simplify
job performance should be presented in the form of note
statements.

Caution and note statements should:

a.

b.

c.

d.

e.

f.

Be located with the material to which it applies.

Stand out on a page full of other material.

Attract the user’s eye, but not be overpowering.

Be apparent to the user no matter what method is usad
to accessinformation and enter the manuel.

Contain alI necessary information.

Be easy to read and understand.

Caution statements should include the following information,
when applicable:

a. Thespacific nature of the hazard.

b. Thesteps to betaken toavoid orminimize the hazard.

c. Thelocation orsource of the hazard.

d. The consequences of failing to heed the warning or
caution.

e. Corrective or first-aid actions to be taken if the hazard
materializes.

f. Timeconsiderations when critical.

Maintenance or test information which should be brought
to the user’s attention.

Caution statements should precade andappeeron the same
page as the text or procedural steps to which they apply.

A note statement should always pr~eed a procedural
statement to which it applies.

Caution and note statements should not contain procedural
steps.

When it is necessary to preceed a procedural step with both
caution and a note statements, the caution statement(s)
should appear first.

General caution statement(s) should be placed at the
beginning of the procedural steps, or on a “Precautions”
page at the front of the procedure or manual.

3.3.4 SPECIFIC PRINCIPLES

3.3.4.1 TROUBLESHOOTING PROCEDURES. Fault iao-
Iation is perhaps the moat demanding maintenance operation
for a technician to perform because it involves complex
diagrsoaticproblems and decision processes.

a.

b.

c.

d.

a.

Troubleshooting procedures should follow a systematic
strategy. A troubleshooting method, common to
diagnosing electronic equipment failures, is presentad
below in a summary form.

(1) Step l–Visual checks for clues such aa smoke,
loose connections, or missing or damaged parts.

(2) Step 2–Operational checks by evaluating readings
from meters, gauges, and othar indicators. Check-
lists are typically usad for this step.

(3) SteP 3-lntermediata checks to isolate the Mal.
function to a particular staga, i.e., unit, assembly,
or component.

(4) Step 4–Systamaticchecks by an ordered inspection
of, for axample, circuits within a component,

Decision trees and computer-aided techniques are other
effective troubleshooting approaches.

When available, probability data should be used for
daveloping troubleshooting procedures.

Short sentences with concise and unambiguous language
should be Used.

When applicable, special diagrams should be provided
for the technician which help in analyzing symptom
patterns by indicating which components affect each
aystam output for each stap in an operational or inter-
mediate check.

Double check lists should be tmvidad for an inde-
pendent obsatver to check sp~”ially critical activities.

3.3.4.2 MAINTENANCE MANUALS/

a.

b.

c.

d.

e.

f.

9.

K)B iNSTRUCTIONS/PROCEDURES

Content should contain only job-relevant information.

Instructions should be prepared specifically for each
organizational level (i a., field, shop, factory) of mainte-
nance and each skill level of maintenance technician
required to perform the work rather than for all levels
being combined.

Nomenclature that is used on the equipment should
be used in the instructions.

Inatructions should contain an index with key words
the technician is likely to look for when locating a
particular item in tfta instructions.

Photographs or high-quality drawings should be used
to clarify writtan instructions or to provide extra
information that the technician may require.

Tables with instructions on how to use tham should be
used for presenting data.

Diagrams to describe pmcasaes and intarralatiorrsh ips
should be UaSd.

3.3-4
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P

,#’-%

h. Components shown in
be in the same relative
equipment.

date flow diagrams should
position that they are in the

i. Foldout pages should be avoided or kept to a minimum.

j. Tagging and switching instructions should be listed in

the initial portions of the procedures.

k. Checklists end/or data tables should be provided for

lengthy prerequisitea, tests, or calculations.

*1 #2
nitials Inisials——

4.0 Pmwdun

—— 4.1 Verify main N-m lines are blockti.

.— 42 Verify mean generator Iwel ketween 75% and 90% Iwide
range)

NOTE: If level is less man 75%, fill stem generator to
75% usi!w Auxilinw Feed Svstem.

43 Perform the following valve Iine.um

CLOSE OR VERIFY CLOBEO

.— 4.3.1 2WS-16B Chain Valve to Au%. Feed

432 2-rm-3n 244s-1 S# BvPma——

.— 4.33 NRV.MS-202C Isolatkm to Decay Hem Reie88e

.— 43.4 Tv-Ms-301C MS, Trip Valve

.— 435 2.hfa-l 55 MS, Trip Valve Bvmss

.— 43s PRV-MS-XI1 C Power CQeramd Relief

.— 43.7 2.Ms-m8 MS. TV Trap Isolation

.— 438 2.M6.149 M.S. TV Trap Isolation

.— 4,39 24 S-152 MS. TV Trap BvP=$

—— 43.10 TV. BD-21XIE Imide TV

_— 43,11 TV. BD-200F Outside TV

NOTE: II is the intent of the ~lOW$WPS 10 ~mr=$ ihe
vapor contained in the steam generator thereby
increasing steam generator pressure to determine
the location of the tube Ieaklsl. Howavar, it may
be requ ired to completely fill the swam generator
and main steam lines to obtain sufficient presmre.

CAUTION: MONITOR STEAM GENERATOR PRES.
SURE THROUGHOUT THE TEST.
760 PSIG MAX. PRESSURE.

.— 4.4 Stan one [11 Auxiliaw Feed p.mP.

—— 45 Using Auxiliary Feed MOV’s for ‘“C’ steam genarator
maintain feed flow approximately 140 gpm.

.— 4.6 Monitor steam generator pressuraand level.

.— 4.7 Check for tube leakage on primary side.

Sourew Ref. 20

Exhibit 3.3.3 Example of a Double Check List
for an Independent Obsewer

CALCN425
6.30.77

OATA TABLE

SVK Condensate Sforq* Tank [3 U3.00U Gal.) Tested: — Datc—

Sub Svs: Channel L.CN204 Verified: — DatR—

Proc.?dures: LT.CN024, Mw.etic Amplifier DVM : _

Controller Dscade eox: _

LTCN2D4 LS-CN204A LI-CN204 LR-CN204

Inches Input Pen #2

H20 Des, Act. Error D%m. Act. Error Oct. Act. Er~
Vvv % % %%

m.5 1.1B3 _— 4s_— 4B— _
1119 2.000 —— 26—— 25——
223,75 3000 —— ——50 w ——
335.6 4.000 — — 75__ 75——
447.5 5.000 —— loo_— Wo_—
223.75 3.mo —— ——50 50——

m.6 1.1B3 —— 4s— — 4.s ——

Noke measurement _v@ ~a

Notes or Comments:

Magnetic Amplifier
Oes. Act. Error

Actuation: O-energize on Hi: Siafi 4SOOV ——
Contm No.11 ~ 13; Defense: 4.760V ——
39 feet in a 39 feet
span Alarm/l nterlock Actuated:

Not- or Comments:

Controller
Des.. Act. Error

Gain 1.0 ——
Reset Time m =nd$ — _
Rate Time off ——

Not- or CwnmentI

Reviewed: Oate:

eourco Ref. 20

1.

m.

Exhibit 3.3A Example of a Data Table

Procedures end instructions should be identified by:

● Title

● Applicability (if not title)

● Revision date

● Approval status

● 1ndexing designation or code.

Procedures end instructions should be self-mntained
documents, es much as possible, to avoid the need for
shifting beck and forth between the procedure and
other procedures or supporting documents.
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PERSONNEL 3.0

DESIGN PLAN AND SCHEDULE FOR MAINTAINABILITY 3.4

3.4.2 DEFINITION

Design plan and schedule refer to the preferred phasing or sequencing of maintainability design
activities.

NOTE

Only basic principles for developing and implementing a design plan and schedule
for maintainability are presented in these guidelines. No attempt is made to detail
characteristics of a design program for maintainability.

3.4-2



3.4 DESIGN PLAN AND SCHEDULE FOR MAINTAINABILITY

3.4.3 GENERAL PRINCIPLES

3.4.3.1 Operation equipment, resembling the type being
designed, should be studied by the design team. Particular
attention should be paid to maintenance features of the
equipment and to those features that are lacking in the
equipment.

3.4.3.2 The entire system (within which the equipment
is to be installed} should be reviewed to determine infor-
mation such es where the equipment will be installed,
accessopening meeaurements, etc.

3.4.3.4 Maintenance technician availability end required
skills and level of proficiency should be determined.

3.4.3.5 Existing storage and work facilities, if any, should
be determined.

3.4.3.6 A daterminetion should be made of the type and
quantity of maintenance information (diagrams, manuals,
job aids, etc.) that will be required to maintain the equip-
ment, how much of the information is available, and how
much information must be dweloped,

3.4.3.7 Supply facilities should be determined which are
available to provide spare parts for the equipment.

3.4.3.3 Teat equipment and tools already in use on related 3.4.3.8 Flow diagrams, event trees, state diagrams, schedule
equipment and that might be adapted to the equipment charts, or other visual displays should be used to show main-
being designed should be determined. tenance or design saquences and relations.
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3.0 PERSONNEL

3.4.4 SPECIFIC PRINCIPLES

3.4.4.1 An overall plan for maintainability should be
developed to include the following tasks to insure the
design for maintainability will proceed in an orderly and
effective mannec

a. PROJECT DEFINITION PHASE-Proposals for new
systems should include quantitative maintainability
objectives es en inherent portion of the performance
objectives. A maintainability program and appropriate
documentation, including the maintainability objec-
tives, and a plan for achieving and evaluating objectives
should be included.

b. DEVELOPMENT PROGRAM PHASE-The develop-
ment program phase should include or provide for the
following essential alements

(1)

(2)

(3)

(4)

(5)

(61

(7)

(8)

(9)

PROGRAM PLAN-Contains maintainability ob-
jectives, plans, goals, and milestones for
accomplishment and evaluation which can be
demonstrated on a time basis. This plan can also
serve es a guide for all design, production, and
product assurance engineers.

QUANTITATIVE MODEL-Provides goals for
maintainability, availability, etc. to serve as a
standard for demonstrating the design achieved.
This model can also be used in determining the
maintainability status and effectiveness of the
system during all stages of design, development,
and testing.

SPECIFICATION REVIEW-Emphasizes the imp-
ortance of maintainability as part of the overall
design program. As an initial effort of the program,
e complete and thorough study of maintainability
and other related product aasurance SPecif ications

should be made.

PREDICTION AND ANALYSIS–Provides pre-
liminary maintainability predictions based on
date supplied through integrated test program.

TRAINING PROGRAM-OrienS to maintain-
ability all engineering personnel participating in
equipment or systam development.

HUMAN FACTORS ENGINEERING-Reviews
equipment design concepts for logic, display
control configurations, and operations emphasizing
system maintainability.

CHANGE CONTROL-Procedure assures that
design changes required for and affecting main-
tainability are carefully reviewed.

SCHEDULED DESIGN REVIEWS-lnwres that
design changes required for and affecting main-
tainability are carefully reviewed.

METHODS FOR CONSIDERING DESIGN
TRADEOFFS-Considem in early development
phase, the designs which, while conforming to

(lo)

(11)

(12)

c.

d.

meinteinabi Iity apecif ications, do not always meet
other specified requirements; i.e., operational

requirements, reliability, economic limitations,

and performance requirements.

VENDORS INDOCTRINATION PROGRAM-Pro-
vides subcontractorawith maintainability guidelines
and specifications.

DEMONSTRATION AND TASK-Conducted to
obtain maintainability date that cannot be evaluated
by analytical methods, or as required to verify that
maintainability requirements have been met.

SCHEDULED EVALUATION AND
lMPROVEMENT–Evaluates date feedback from
demonstrations, tests, and field areas for suppotiing
design improvement recommendations and for
verification of maintainability predictions.

PRODUCTION PHASE-During this phase, the main-
tainability requirements and objectives must be

consistent with those established during design and
development, i.e., with the maintenance support plan.
Close surveillance should be provided to assure that
quality assurance requirements and maintainability
specifications are met. This phase considers

(1)

(2)

QUALITY CONTROL-Maintains high quality
in workmanship and manufacturing standards
with respect to maintainability. Poor quality
control practices must be isolated end corrective
action initiated to preclude maintainability
problems in the field.

MODIFICATION AND CHANGE CONTROL-
Establishes coordination procedures between
design and manufacturing activities to insure
that changes or modifications to equipment
design are agreed upon before they are initiated.
In all cases the designer must concur with the
changes.

OPERATIONAL PHASE-The final validation of
maintainability predictions is accomplished during
this period. This phase includes:

(1)

(2)

INITIAL DEVELOPMENT STAGE–Based upon
evaluation of data accumulated relative to design
testa, engineering coats, user teats, system
demonstrations, transportation, storage assembly,
emplacement end check-ut. Date should be
analyzed and recommendations made for product
improvement for future equipment.

FIELD OPERATING STAGE-Active maintenance
date should be analyzed from all equipment sites
and used to validate predicted maintainability
figures. Unsatisfactory Equipment Reports (UER),
Equipment Improvement Reports (EIR), or
equivalent methods, should be utilized.

3.4.4.2 An example of a maintainability plan is provided in
the following exhibit:
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3.4 DESIGN PLAN AND SCHEDULE FOR MAINTAINABILITY

Taak or Fu ncfion ResPorIsIb@ ACtIVIIV

Phaaa I-Concapt or Study

Arwlyzstion by Iogi$tics engin*aring
of the !vpe, purpose, functmn, ●d
utilization of the ecwipmmt: quali.
taciva mointaintillitv raqu, rmlen:s;
customer maintmmcc conc~ts; or.
ganizst @n :md Polic me. Establish the
following m~intainabd!lv program:

Dtime wstm Sv$mrrImginawing

racwiranems

syswnConcam Sv5t0m ●ngineering

Analyze maintain- Logistics engmcaring
●bility ●nd logistic
rmu!racnent$

Preliminary main. LogIsIKs mginearing
mnmce concept
and mamtamabilnv
gu]dal;nes

Prelimmary Logist ic$ engin~ring
maintainability
procedures,
functions, and goals

Preliminary Log!mics engineering
maintenance
supoort procedures
md functions

Preliminary Logistics engineering
mama inability
●nd logistics costs

Des@n reviews SVstem engineering

Trade-offs System engineering

Revised Logistics engineering
maintainability
data md goals

R0vi4ed Logist ICSengineering
maintenance
5uPP0rt data

Maintainebilily Lcgistic$ ●ngineering
md logistics plan

Equipment design Engineering

Ph~ I l-D~ign and Dawlopmant

EQU iptnmt design Engineering

Meinminability Maintainability
md logistics md logistics
plan

Maintainability Logittics e~ineeri ng
functions
(updatmgl

Pwmnnel skills L~istk$ ●ngineering
and training md training
program

Support Logistics engineering
muipmmt
requirements
(updating)

Sparas and SupPlv support
&xummta Iion
prcPJram

Fublicatmns Publication
progmrn and
mlammtat ion

source Ref. S

Task or Functiort Responsible Actwt!v

Phase II –Dosign and Development

[Cent’d)

Vmdor ●dlor Cu$tonwr
wbcontractor
muipmml design

Field tupPort ●nd Logittics mginaering
field ertglneering
plms.

Msmtamabil itv Logistics engmaering
test plan

Modtftcation and ConfiguratOOn
statut control

Pltaaa III -production and Test

Meintaintiilitv aqu~ment rwiews

conducted bv Iogist Ks ●ngineering.
System. wbsystwn, ●nd supporting
aquifmtem tests include review,
mlUatiOn, and valdation of the
following:

Prototype Manufacturing
production

Maintainati!litv Maintainability and
tasting and publicatmm
publications
vcrif icmion
program

Msintainabititv Maintwnability
design
wlril ication

Des@n changes and Ma!ntainabllitv
recommmdet ions

Engineering System ●ngineering
change board

Revision of main- Maintainabditv
tainabilitv data

Revision of Logistics
Supporl engineering
aquipmmt

Fmatization of supply sup$lort
prototvpe sparea
requ iranems

Pti lV-felainteirrability and

Maintonarrca Raviaws

Maintainabil itv and maintenance ra-
views conducted. and $ Iogi$Ik wwort
program implemmtad during the te$l ing
●nd user phete for the following rasks

Sytmm tom plan Reliabilltv test and
●valuation

Lqistic let! plan

SupPort of system
t-t ing

Verification of
maintamabdlty
goal$

Vcrif icat ion of
logistic support
function

lea report ●nd
r9commmdatione

systemteet
aummarv

Logisttc $upoort
diwsion

Engineering

Maintainabdity

Logi$t ic support
division

Mamtain*ilitv

Reliti ditv !e~t
~luation

Exhibit 3.4.1 Example of Plan for Maintainability
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3.4 DESIGN PLAN AND SCHEDULE FOR MAINTAINABILITY

34.4.3 To successfully implement a design program for c. Show each key event, end the coordinated sequence of

maintainability, the maintainability plan should: occurrences, and the interrelationship of events. (This

a. Be sufficiently flexible to permit revision and updating
may be shown within tha dasign schedule.)

-$1
at any point in the program. d. Provide valuable impetus for determining project

b. 1nclude the various tasks and milestones, and epproxi-
coats and the moat economical allocation of personnel.

mate times required to accomplish e=h. (This is the 3.4.4.4 An axample of a design schedule for rnaintain-
design schedule.) ability is shown in the following exhibit:
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Exhibit 3.4.2. Example of Maintainability Design Schedule
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Engineered Hardware 1.0

Unitization and Modularization
Source Reference Document for Maintainability 1.1

Folley & Altman Rigby Morgan Eng. Des. Crawford Mil. NUREG Mil. Std.
Altman et al et al et al Hdbk. & Altman Hdbk. 759 0700 1472-C Woodson Seminara

1956 1961 1961 1963 1972 1972 1975 1981 1981 1981 1982 Other/Notes

3

1.1.3 Principles 4

1.1,3.1 (a-n) 5 p.19-3,19-4 p. 179

1.1.3.2 (a+ b) 6 p. 124 p. 19-2,19-3

7

8

9

10

11

12

13

14
~
N 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

F



=E
Folley &
Altman

1956
1.2.3 General
principles 3

1,2.3.1 (a-n) 4

1.2.3.2 (a-c) 5

1.2.3.3 (a-f) 6

7
1.2.4 S cific

~ 8princlp es

1.2.4.1 (a-c) 9

1.2.4.2 (a-e) 10 p. 49

11

12

13

14
0
b 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Altman
et al
1961

Rigby Morgan
et al et al
1961 1963

p. 56,57 I

H--l---

a=
1

1
Source Reference Document

EngineeredHa
2

1.0
Unit Layout, Packaging and M ting
for Maintainability 1.2

Eng. Des.
Hdbk.

1972

p. 23-6

p, 23-2

p. 23-1

p. 23-2,23-3

Crawford Mil. NUREG Mil. Std.
& Altman Hdbk. 759 0700 1472-C Woodson

1972 1975 1981 1981 1981

p. 318-329 p. 198

I I 1 i I

Seminara
1982 Other/Notes



Folley & Altman Rigby Morgan
Altman et al et al et al

1956 1%1 1961 1963

1.3.3General
@rrciples 3

1.3.3.1 4

1.3.3.2 (a-f) 5

1.3.3.3 6

1.3.3.4 7

1.3.3.5 8

1.3.3.6 “9

1.3.3.7 10
1.3,3.8 11

1.3.3.9 12
1.3.3.10 13

1,3,3.11 14
m
L 1.3,3.12 15

16
1,3.4 s Cific

“F 17pnnclp es

1.3.4.1 (a-c) 18

1.3.4,2 (a-d) 19

1.3.4.3 (a-e) 20

1.3.4,4 (a-f) 21

22

23

24

25

26

27

28

29

30

31

2

Engineered Hardware 1.0

Hardware Identification
Source Reference Document for Maintainability 1.3

z=Eng. Des. Crawford
Hdbk. & Altman
1972 1972

p. 13-1 I

5k--t-
p, 13-5,13-6 I

I

I

Mil. NUREG Mil. Std.
Hdbk. 759 0700 1472-C Woodson Seminara

1975 1981 1981 1981 1982 Other/Notes

I I

p.117

I I I I p. 2-103 I I
p. 2-103

p. 2-101

p. 2-99

p, 2-99

p. 2-99

p. 2-101 Van Cott & Kinkade 1972

p, 117

p. 269 p, 117,118,120

I 1P. 225 I I p. 2-101 ] I
1 1

[ I



)Engineered Ha] .

Equipment Accessibility

~other.otes::

)
Source Reference Document

NUREG
0700
1981

Folley & Altman
Altman et al

1956 1961

Rigby Morgan Eng. Des.
et al et al Hdbk.
1961 1963 1972

Crawford Mil.
& Altman Hdbk. 759

1972 1975
1.4.3 General
principles 3

1.4.3.1 4 p. 42

p. 421.4.3.2 (a-m) 5 II I
p. 42 I I

1.4.3.6 9 II I
1 I I 1

r

1.4.3.7 lo p. 72 p. 43 I I
1.4.3.8 11

1.4.3,9 12 p. 73

1.4.3.10 13 p. 73

1.4,3.11 14
w
& 1.4.3.12 15

,.183 I I I I

=!==
p. 604 I

=--E1.4.3.13 16

1,4.3.14 17

1.4.3.15 18

1,4.3.16 19
I

p. 604 I

20
1,4,4 s Cific

“Y 21pnnctp es

I I I I

). 184,185].4.4,1 (a-h) 22

1,4.4.2 (a&b) 23

1.4.4.3 (a) 24

1.4.4.4 (a-g) 25

26

+

p. 44 I I I P. 288

p. 43 I. 183

27

28

29

30

31 1

I I 1 [
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Engineered Hardware 1.0

Test and Service Point Design
Source Reference Document for Maintainability 1.7

Folley & Altman Rigby Morgan Eng. Des. Crawford
Altman et al et al et al Hdbk. & Altman

1956 1%1 1%1 1%3 1972 1972

p.87

Mil.
Hdbk. 759

1975

NIJREG Mil. Std.
0700 1472-C Woodson Seminara
1981 1981 1981 1982 Other/Notes

1.7.3 General
principles 3

1.7.3,1 4

I lp.87 I I1.7.3.2 5

1.7.3.3 6 p. 122 p. 87

p. 87

p.87

p. 88

p. 122 p. 88

p. 88

1.7.3.4 (a&b) 7

1.7.3.5 8

1.7.3.6 (a-e) Q p. 333

p, 3331.7.3.7 10

1.7.3.8 11

1.7.3.9 12

1,7.3.10 13

p. 122 p. 88

p.88

p. 123 p, 881.7.3.11 (a-f) 14

m
&

1.7.3.12 15 I lp.89 I I I p. 331

p. 123

p. 88

p. 122

1.7.3.13 16

1.7.3.14 17

1.7.3.15 18

p. 75,123,125 p. 23-27 p. 23-28

p, 126-128 p. 92 p. 16-3

p. 334-3361.7.4,1 (a-d) 21

1.7.4,2 (a-e) 22

23

24

25

26 I

27

28

29

31

‘}

32

40=
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EngineeredHa” “ e 1.0

Source Referel e Document
Test Equipment Design
for Maintainability

)
1.8

Folley & Altman Rigby Morgan Eng. Des. Crawford MiL NUREG Mil. Std.
Altman et al et al et al Hdbk. & Altman Hdbk. 759 0700 1472-C Woodson Seminara

1956 1961 1961 1963 1972 1972 1975 1981 1981 1981 1982 Other/Notes
1.8,3 General
principles 3

1.8,3.1 (a-d) 4 p. 111-114 p. 117 p. 5-1o

1.8.3.2 (a-h) 5 p. 23-33,23-34 p. 618

6
1.8.4 S ecific

“? 7prinmp es

1.8.4.1 (a-c) 8 p. 23-33

1,8.4.2 (a-j) 9 p, 23-33

1,8.4.3 (a-e) 1(J p, 23-34

11

12

13

14
y
tD 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32



EngineeredHardware1.0

Connector Design
Source Reference Document for Maintainability 1.9

Mil. NUREG Mil. Std.
Hdbk. 759 0700 1472-C Woodson Seminara

1975 1901 1981 1981 1982 Other/Notes

1 I

p. 681.9.3,1 (a-g) 4 II p. 288

Q. 288-290 ... :
.: .,

p. 291-292. .

lP.6s I ~. 23-21,23-22 I1.9.3.2 (a-f) 5

1.9.3.3 (a-g) 6
1

p. 72,73

I I

+

p. 23-21,23-24 “

=la===at---

=11=
14

15

16

17

,

18

19

20

21

22

23

24

25

26

27

28

29

30

t 1

I I

a=
*

31

I1 1



,, I

1.10.3General
principles 3

I I
I.1O.3.I (a-f) 4 II I

1.10.3.2 (a-g) 5 p. 52

1,10,3.3 (a-e) 6

1.10.3.4 (a-g) 7 p, 52

1.10.3.5 (a-f) 8 p. 52

1.10.3.6 (a-g) 9 p. 87,88

I.1o.3.7 (a-d) ]()

11
1.10.4Specific
principle 12

1.10.4.1 (a-e) 13 ]]

Q1
1.10.4.2 (a-d) 14

I 1
L
A 1.10.4.3 (a-c) 15 II p. 53

I
1,10.4.4 (a-e) 16

1.10.4.5 (a-g) 17 p. 51

1.10.4.6 (a-g) 18

19

20

21

2211 I

23

24

26

27

28

29

30

31

32

m
Source Reference Document

Eng. Des. Crawford Mil. NUREG Mil. Std.
Hdbk. & Altman Hdbk. 759 0700 1472-C
1972 1972 1975 1981 1981

a=p. 82

p. 82

p. 82

p. 3-13 p, 292

p. 295

p. 247

I

p. 23-14 I I I I
p. 23-15

p. 3-13 p. 294

Engineered Hardw

Cover, Case and Shield Design )
for Maintainability 1.10

Woodson
1981
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EngineeredHardware1.0
Handle Design
for Maintainability 1.13

MIL std.
1472-C Woodaon Seminara

1981 1981 1982 Other/Notes

?. 197

Source Reference Document

mxRigby Morgan
et al et al
1961 1963

Folley & Altman
AItman et al

1956 1961

1.13.3 Principles 3

p. 23-7 I1,13.3.1 (a-h) 4

1.13.3.2 5

1

p. 304

P. 23-9

I

1.13.3.3 (a-j) 6 ,

7

8 I

9

10

11

I

12

13

Cn
14

L
* 15
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Facility Support 2.0

Source Reference Document
Maintenance Support
Equipment 2.2

Crawford Mil. NUREG Mil. Std.
& Altman Hdbk. 759 0700 1472-C Woodson Seminara

1972 1975 1981 1981 1981 1982 Other/Notes

p. 307

p. 307

p, 308

P. 2-67

Folley & Altman Rigby Morgan Eng. Des.
Altman et al et al et al Hdbk.

1956 1961 1961 1963 1972
2.2.3 General
principles 3 p.26-1

2.2.3.1 4 p. 26-1

2.2.3.2 5 p. 26-1

2.2,3.3 6

7
2.2.4 S ecific

“? 8princlp es

L2.2.4.1 (a-e) 9 p. 157 p. 97 p. 26-8

2.2.4.2 (a-h) 10 p. 158 p. 97 P. 26-10

2.2.4.3 (a-i) 11 p. 159 p. 26-9

2.2.4.4 (a-fl 12 p. 161 p. 26-6

2.2.4.5 (a-k) 13

2.2.4,6 (a-r) 14
VI

p. 163-173

L
m 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32



1Facility SL 2.0

2.3,3 General
principles 3

2.3.3.1 4

2.3.3,2 5

2.3.3.3 6

2.3.3.4 7

2.3,3.5 8

2.3.3,6 9

2.3,3.7 10

2.3.3.S 11

2,3.3.9 12

2.3,3.10 13

2.3,3.11 14
~
L
-1

15
2.3.4 S ecific

“? 16princlp es

2,3.4.1 17

2.3.4.2 18

2.3.4.3 19

2.3.4.4 20

2.3.4.5 21

2.3.4.6 22

2,3.4.7 23

2.3.4.8 24

2.3.4.9 25

2.3.4.10 26

2.3.4.11 27

2,3.4.12 20

2.3.4.13 29

2,3.4.14 30

234”15 (a-e) 31

32

Source Reference Document
Hand Tool Design
for Maintainability 2.3

Folley & Altman Rigby Morgan Eng. Des. Crawford Mil. NUREG Mil. Std.
Altman et al et al et al Hdbk. & Altman Hdbk. 759 0700 1472-C Woodson Seminara

1956 1961 1961 1963 1972 1972 1975 1981 1981 1981 1982 Other/Notes

p. 193 Q. 279

p. 125 p, 279

p. 125 p, 279

p. 193 p. 11-2 p. 279

p. 193 p, 279

p. 193 p. 279

p. 194

p. 195 p, 11-4

p. 195 p. 2s0

p. 11-4 p. 2s0

p. 195 p. 2s0

p. 127 p. 11-3

p. 11-3

p. 11-3

p. 11-4

p, 11-4

p. 11-4

p. 194 .p. 11-4

p. 195

p. 195 p. 11-5

p. 195

p. 11-6

p. 11-5

p. 11-6

p. 11-6

p. 197 p. 11-6,11-7 p. 280
—
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Facility Support 2.0
Stair, Ladder and Ramp Design

Source Reference Document for Maintainability 2.4

Folley & Altman Rigby Morgan Eng. Des. Crawford Mil. NUREG Mil. Std.
Altman et al et al et al Hdbk. & Altman Hdbk. 759 0700 1472-C Woodson Seminara

1956 1961 1961 1963 1972 1972 1975 1981 1981 1981 1982 Other/Notes
2.4,3 General
principles 3

2.4,3.1 (a-g) 4 p, 104 p. 158

2.4.3.2 5 p. 104 p. 159 p. 154

2.4,3.3 (a-h) 6 p. 105

7
2.4.4 S ecific

“? 8primnp es

2.4.4.1 (a&b) 9 p. 105,106 p. 163 p. 156

2.4.4.2 (a-c) 10 p. 105 p. 160 p. 157

2.4.4,3 (a-f) 11 p. 106 p. 161 p. 158

2,4,4,4 (a-c) 12 p. 107 p, 161

2.4.4.5 (a-c) 13 p. 108

2.4.4.tia&b) 14 P. 108 p. 163,164 p, 155

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

2

>

—



Facility S
)

2.0

Platform and Shelter Design”
for Maintainability 2.5Source Reference Document

Altman
et al
1%1

Mil. Std.
1472-C

1981

p. 159

Rigby Morgan Eng. Des.
et al et al Hdbk.
1961 1963 1972

Crawford
& Altman

1972

Mil. NUREG
Hdbk. 759 0700

1975 19811-
Folley &
Altman

1956
Woodson Seminara

1981 19s2 Other/Notes

2.5.3 General
crrnciples 3

i p. 167

I 1

v. 1002.5.3.1 (a-d) 4

p. 101 I I I2,5.3.2 (a&b) 5

2.5.3.3 (a-d) 6

2.5.3.4 (a-d) 7 =EH=8
2.5.4 S ecific

“? 9pnrmp es 1

p. 26-12

p. 103

2.5.4.1 (a-f) 10

2.5,4.2 (a-i) 11

2.5.4.3 (a&b) 12

13

p. 1613 I

1 I 1

14

15

16 1=
17

18

19

201=
21

22

23

24

25

26

27

28

29

1 ,

1 I 1

,

31

32

I

1 I 1 1 t I



Reference

Facility Support 2.0

Design of Computer Systems
Document for Maintainability 2.6

Folley & Altman Rigby Morgan Eng. Des. Crawford Mil.
Altman et al et al et al Hdbk. & Altman Hdbk. 759

1956 1961 1961 1963 1972 1972 1975
2.6.3 General
principles ‘3

2.6.3.1 (a-i) 4

2.6.3.2 5

2.6.3.3 (a-e) 6

7
2.6.4S cific

“r 8princlp es

2,6.4.1 (a-h) 9

2.6.4.2 (a-k) 10 I1[ I I I I I I

m
b
o

14

15
i

17

18

19

23

24

25

26

27

28

29

30
k

31

)=

I

1 1

I Principles develooed

=

Information sources
were user manual from —
Dtgital Equipment
Corporation and —
personal interviews
(Note 1) —
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Source Reference Document

Pers

)

3.0

Engineering Anthropometry in .. .
Design for Maintainability 3.1

Eng. Des.
Hdbk.
1972

Crawford Mil. NUREG Mil. Std.
& Altman Hdbk. 759 0700 1472-C Woodson Seminara

1972 1975 1981 1981 1981 1982 Other/Notes

Folley & Altman
Altman et al

1956 1961

Rigby Morgan
et al et al
1961 1963

3.1.3 Principles 3

I I I p. 145,146 I I3.1.3.1 4

3.1.3.2 (a-e) 5 p. 188,189 p, 2-91

113,1156

7

8 t !

9

10

11

12

13

y
14

10 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32
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1
Source Reference Document

Perw

)

3.0

Maintainance Information” 3.3

Folley & Altman Rigby Morgan Eng. Des. Crawford
Altman et al et al et al Hdbk. & Altman

1956 1%1 1961 1963 1972 1972

Mil.
Hdbk. 759

1975
11 1 1 1

3.3.3 General
principles 3

I 1 1 1 I I [

3.3.3.1 4

3.3.3.2 5 p. 105

3.3.3.3 6 p. 105

3.3.3.4 7

3.3.3.5 8

3.3.3.6 9

3.3.3.7 10

3.3.3.8 11

3.3.3.9 12 p. 141

3.3.3.10 (a-1) 13 P.132 p. 108 p. 403

a=p. 620

14
3.3.4 S ecific

“! 15princlp es

3.3.4.] (a-e) 16 p. 621, 622

3.3.4.2 (a-m) 17 p, 409

18 II I I I I
I I

19

20

21 II I I I I I

22
, 1

23
1 I I I I I I

24]] I

25
, 1

26 II /I I [ I I

2711 ! 1 1 1 I I

2811 I
I I I I I

29 II I I I I I I

31

32

NUREG Mil. Std.
0700 1472-C Wwuison Seminara
1981 19s1 1931 1982 Other/Notes

I I I 1 1

p. 2-123

p, 2-131

p. 2-140

p. 2-137
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Personnel 3.0

Source Reference Document
Design Plan and Schedule
for Maintainability 3.4

Folley & Altman Rigby Morgan Eng. Des.
Altman et al et al et al Hdbk.

1956 1961 1961 1963 1972
II I I I I

3.4,3 General
principles 3

3.4.3.1 4 p, 9,24 p. 369

3.4.3.2 5 II I I I p. 369 I

3.4.3.3 (i II I I lp.369 I

3.4.3.4 7 p. 369

3.4.3.5 8 p. 369

3.4.3.6 9 p. 369

3,4.3.7 10 ! P.369
1 I I I I

11
. .

3.4.4 s cific
r 12princlp es

3.4.4.1 (a-d) 13 p. 4-2,4-5

3.4.4.2 14 p: 4-5

3.4,4.3 (a-d) 15 p, 4-2

3.4.4.4 16
p. 4-3

17
I 1 1 I I

18

19

20 \11 1 I 1

21 II I
I I I

23

24

25
I

26

27

28
I

30

31

Crawford Mil. NUREG Mil. Std.
& Altman Hdbk. 759 0700 1472-C Woodson Seminara

1972 1975 1981 1981 1981 1982 Other/Notes

p. 587-591 Mil Std. 470,
. Maintainability —

Program Requirements

1

Cunningham and Cox,
-Applied Maintainability —
En@reerin& 1972

1 1 1 1 I 1 1


