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Foreword

Foreword

The Human Factors Design Guide (HFDG) for Acquisition of
Commercial-off-the-Shelf (COTS) Subsystems, Non-
Developmental Items (NDI), and Developmental Systems is a
comprehensive reference tool that will help human factors
professionals within the Federal Aviation Administration (FAA)
and contractor organizations to efficiently carry out FAA human
factors policy.

A preliminary edition of the present document was a draft
standard developed at the Human Factors Laboratory of the FAA
Technical Center. This 1996 edition converts the preliminary
draft document to a guide and incorporates expert comments that
were collected in 1994 from selected reviewers.

FAA Order 9550.8, Human Factors Policy, states that:

Human factors shall be systematically integrated into the
planning and execution functions of all FAA elements and
activities associated with system acquisition and system
operations. FAA endeavors shall emphasize human
factors considerations to enhance system performance and
capitalize upon the relative strengths of people and
machines. . .

The Acquisition Strategy Paper required by the new FAA
Acquisition Management System, April, 1997, states that:

... human factors will be considered during architectural
and engineering design to achieve effective human
performance during operations, maintenance, and support.

The HFDG was developed by the Aviation Simulation and
Human Factors Division at the FAA Technical Center to
consolidate and capitalize upon multiple sources of human
factors design and evaluation guidelines. It provides FAA system
modernization programs access to the most applicable human
factors guidance. This guide is intended to overcome the
imitations associated with using other design standards in an
FAA environment.

Application of this design guide is not a substitute for in-depth
professional human factors practice. The Acquisition
Management System also refers to a military human factors
ﬁrocess standard, MIL-STD-46855, which calls for planning
uman factors activities and procedures. Both human factors
acquisition guidelines and processes are to be professionally
applied. The use of the HFDG requires expert professional
judgment on its application to new systems and equipment.

This document compiles extensive guidance from diverse and
exhaustive sources for human factors applications integral to the
procurement, acquisition, design, development, and testing of
FAA systems, facilities, and equipment. It will aid in identifying
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functional, product, and NAS specification requirements and in
ensuring acceptable human factors practice and products.

This edition of the HFDG is adpplicable to COTS and NDI
procurements as well as new developmental system or equipment
acquisitions. The relationship between hardware and software
subsystems and the human subsystem’s characteristics must be
determined and tested in advance of commitments to procure and
implement COTS and NDI equipment and systems. These
characteristics can include human roles, organizations, interfaces,
tasks, training, and human performance effectiveness.

This version of the HFDG remains primarily focused upon FAA
ground systems and equipment such as those that are managed
and maintained by Airway Facilities. Although good human
factors practices and principles apply to all FAA systems, this
guide is not directed at special considerations in Air Traffic
Control operations, aircraft maintenance, aircraft or airborne
equipment certification, or FAA’s regulatory certification for
aviation personnel, although many of the HFDG provisions apply
to those environments. Future editions will more directly address
these areas of NAS development and operations.

The HFDG draws heavily from human factors information
published by the Department of Defense, National Aeronautics
and Space Administration, and Department of Energy. The FAA
recognizes the excellent quality of information found in many of
the technical documents and handbooks written by these
agencies.

Request for feedback comments. Comments for corrections or
improvements are welcome. Comments can be made at any time
by using the form at the end of the document.

ii  FAA Human Factors Program January 15, 1996
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1 Introduction

1 Introduction

1.1 Purpose

1.2 Objectives

1.3 Scope

The Federal Aviation Administration’s (FAA) National Airspace
System (NAS) modernization program introduces many new
technologies (including automation technologies) that affect the
numerous human interfaces within the NAS.

The Human Factors Design Guide (HFDG) For Acquisition of
Commercial-off-the-Shelf (COTS) Subsystems, Non-
Developmental Items (NDI), and Developmental Systems provides
reference information to assist in the selection, analysis, design,
development, and evaluation of new and modified FAA systems,
facilities, and equipment.

The HFDG organization, format, style, and contents have been
"human factored" for easy access and understanding of the
material. As a guide, it consolidates human factors knowledge,
practice, and prior experience for application to new systems and
equipment.

The pugoose of this document is to provide a single FAA-
oriented and easy-to-use source of human factors guidance. It
consolidates guidance from the source materials of several
government agencies and provides one reference for application
to new systems associated with the FAA. It selectively draws
upon documents oriented to other agency missions and adapts and
expands upon them to meet the needs of FAA missions and
systems.

As a single consolidated reference document, the HFDG
objectives are to:

a. provide highly relevant, experience-based, general, and
detailed information for use by FAA and contractor
human factors professionals in system acquisitions or
modifications;

b. aid in the evaluation and selection of COTS and NDI
procurements;

. contribute to acquisition decisions and trade-offs related to
human-performance and human-interface characteristics
that e)nhance system effectiveness and safety (see also
1.3.1);

d. promote human-interface consistency within and among
subsystems; and

e. serve as a basis for general human factors test and
evaluation information and checklist procedures.

The HFDG presents human factors design guidance that is to be
applied to new, modified, or updated FAA facilities, systems,
and equipment that will be managed, operated, and maintained by
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HFDG

1.3.1 HFDG in
system acquisition

1.3.2 Human factors
importance for
COTS & NDI
procurements

the FAA. The guide covers a broad range of human factors
topics that pertain to automation, maintenance, human interface,
workplace design, documentation, system security, safety, the
environment, and anthropometry. This document includes
extensive human-computer interface guidance.

It is relevant to all phases of the FAA deveIoEment process, from
the mission need determination phase through production and
deployment phases. It is to be considered for any engineerin
changes or modifications that affect the human interfaces within
the operational system. The HFDG provides information that
can be used in the evaluation and selection of COTS or NDI
equipment. Similarly, it may be applied to advanced research
programs that are to transition to new FAA systems.

Human factors professionals in FAA acquisition offices and on
contractor development program teams will benefit by using this
HFDG as a reference document to assist them with their human
factors responsibilities and technical tasks.

Human factors professionals associated with program offices and
integrated product deveIoFment teams will be responsible for
determining the applicability and relevance of topics and rules to
specific systems, facilities, and equipment. Relevance will be
based upon the operational missions, system functions, potential
human functions or tasks, users’ interface design needs, and
environmental conditions. They can use this HFDG in
determining system requirements through market survey,
statements of work, system or equipment specifications, and
system evaluations.

Contractor human factors personnel can use this guide as a basis
(along with other system specific planning, analytic, prototype,
simulation, developmental and evaluation processes) for the
?pplication of professional and commercial practices in human
actors.

To meet a particular system or equipment need within the NAS,
human factors im;t))lications for COTS or NDI acquisition
alternatives must be considered prior to the commitment to these
alternatives. Some human factors implications include potential
effects upon:

a. human-system performance in operations and
maintenance,

b. the acceptability and usability of human-interfaces,

C. the resultant training and personnel selection changes
required,

d. changes in human organizations and relationships, and

e. life cycle costs and benefits.
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1.4 Format

1.4.1 HFDG special
features

1.4.1.1 lIdentification
and use of the HFDG
rules - "'shall"* and
""'should" advice

1.4.1.2 Measurements

Normally, if COTS or NDI acquisition is an option, requirements
are stated in terms of function, performance, and physical
characteristics in sufficient detail to enable an adequate market
investigation. Then COTS or NDI alternative(s) need to be
evaluated for operational suitability for the intended system
purposes. Suitability criteria include safety and human factors
considerations.

Human-interface changes or developments, precipitated by COTS
or NDI to the intended system environment, will entail human
factors analysis, prototyping, and evaluation. Where a COTS or
NDI approach is selected for a new or modified system, a human
factors evaluation for operational suitability is necessary.
Sﬁstematic user input and selected HFDG guidelines can help.
The effects on the human components and their performance are
to be systematically considered and evaluated.

Using rules outlined in section 10, User documentation, the
HFDG was "human factored" to facilitate usability and
readability. This section highlights the format that makes the
HFDG "user-friendly."

Special features of this guide, which facilitate the use of the
material during applications, are discussed in this section.

This guide provides ideas and suggestions that draw upon a
multiplicity of sources and experience. References are found in
Appendix A.

The authors retained "shall" and "should™ designations to be
consistent with source materials. The "shall” text statements are
identified with a solid black square (=) adjacent to the rule. Shall
text statements originate from, or are judged comparable to, such
statements from sources normally having the authority of the type
of directives associated with FAA orders, standards, military
specifications, Occupational Safety and Health Administration
(OSHA), and Americans with Disabilities Act (ADA).

Each should statement is identified by an open white square (7).
These rules are preferred approaches for designing new
equipment or selecting between COTS alternatives. Should
statements are not mandatory unless specified by contract, but are
not to be ignored either.

All rule statements and sources with similar ideas and guidance
are identified in Appendix B, Sources.

Measurements and dimensions used throughout the document are
expressed in International System units. As a convenience, these
metric units are accompanied by their customary English system
equivalents in parentheses. This practice is consistent with
metric standard and handbook sources.
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1.4.1.3 Topical
completeness

1.4.2 Features that
help find and use
HFDG information

1.4.2.1 Section contents
can help build checklists

1.4.2.2 Heading and
text locations

1.4.2.3 Headers and
footers for navigation

1.4.2.4 Exhibits
combine tabular and
graphics for easy use

Topics within headings have been made as complete for reference
purposes as practical by including relevant rules even though they
may apply under several different topics. Where such
information is repeated for topical completeness purposes, a
parenthetical note states "(same as paragraph x.x. ...)."
Associated information, which may be related, is noted as "(see
also x.x. ...)."

Where directly relevant information is found elsewhere in the
document, a cross reference, which states "(see section or
paragraph x.x. ...)," is used. To ease the users’tasks, such
direct cross referencing was held to a minimum,

The HFDG format is intended to help the user navigate through,
locate, and use information. The style of writing generally
follows the guidelines of section 10 "User documentation™ and
the U.S. Government Printing Office Style Manual. The style
attempts to avoid interference with reading or search flow.

A detailed table of contents is found at the beginning of each
major section to help the user navigate through all levels of
t0||oical headings, as well as through numbers and titles of all
rules and exhibits. These pages can be copied to build checklists.

Headings provide topic announcements that help users locate
information. They appear in the left-hand column.

The right-hand column is sized to facilitate scanning and reading
text for in-depth understanding. Introductory text, rules, and
explanatory text appear in the right-hand column. Rules, in the
form of either potential design criteria or design guidelines, are
distinctly numbered as paragraphs and given rule titles.
Explanatory text, which supplements and explains ideas, is
indented within the right column below the ideas.

Headers and footers contain information to help the user navigate
through the document. The major section topic number and
name appear in the header of each page. The footer contains the
page number at the outside edge of each page. Pages are
numbered within each section. The footer also repeats the latest
second level heading number and topic title to help orient the
user to the topical structure and content of the page.

Rather than two separate series of tables and figures, the guide
has a single series of exhibits. An exhibit contains tabular
information, illustrative information, or both. Thus, tabular and
graﬁhic information, which are to be used together, can be found
within the same exhibit. Exhibits follow closely to the text which
refers to them.

Exhibit 1.4.2.4 illustrates the format of two typical pages that
contain design criteria and guidelines. The illustration shows
heading information, which provides the topical structure, in the
Ieflt-hand column and other textual materials in the right-hand
column.

1-4 FAA Human Factors Program
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1 Introduction

1.4.2.5 Topical index
helps find information

Paragraphs and rules, which provide important textual
information, are shown. The location of rule markings (= for
potential design criteria and = for potential gmdelmes% can be
seen.

A topical index in the back of the guide is provided to help
navigate directly to the topic of inquiry.

Exhibit 1.4.2.4 Navigating within the page format

Exhibit

Explanatory

Major section (1st level) number and name
Exhibit caption Header HFDG .
\ information / \ /

text

nrap with s aawmi-carTying

fizxible copper
nh-h.-ﬁ*_-uum’lg.m

11

11

o

Rule paragraph markings
® design criteria
o guidelines

Document or change page date and version introductory
2nd level headings {numbers and short name) text
Section page number Footer

information
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Complementary documents

2 Complementary documents

2.1 Government
documents

2.1.1 Specifications
2.1.1.1 Military

2.1.1.2 FAA

When a rule found in this HFDG refers the reader to another
source of information, that source of information is called a
"complementary document.” The complementary documents
listed in this section are all contained in rules throughout the
HFDG. There are two ways in which complementary documents
can be used. If the rule is cited only as a guideline, then
complementary documents are to be consulted for complete
understanding and context of the specific rule.

If a rule of the HFDG is cited in a contractual document, then
any complementary document found within that rule is also
considered contractually binding. In such a case, the applicable
portions of the most recent version of the complementary
document would also be cited on the contract. For example, if a
rule was cited on a contract that stated, ". . .shall be in
accordance with MIL-W-5044," then applicable portions of MIL-
W-5044 are also contractually binding. When any provision is
required by law or regulation, the law or regulation would take
precedence over citation of the HFDG.

Document Title Paragraph Page
number number number
MIL-W-  Walkway Compound and 93331. 9 -11
5044 Non-slip Walkway Matting 12217 ..12 - 2
MIL-W-  Walkway Coating and 93331. 9 -11
5050 Matting, Non-slip Aircraft 12217 ..12 - 2
MIL-F- Fuses, Instrument, Power, 6.13.21.. 6- 84
15160 and Telephone

FAA-D- Technical Instruction Book E104 ..... 10 - 32
2494/b Manuscript: Electronic, 10.4.45.3. 10- 37

Electrical, and Mechanical
Equipment, Requirements
for Preparation of
Manuscript and Production
of Books
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Document Title Paragraph Page
number number number

2.1.2 Standards

2.1.2.1 Military
MIL-STD- Electrical and Electronic 6.10.5.15 6 - 79
16 References
MIL-STD- Mechanical Symbols 10.2.4.13.2 10 - 18
17B-1 (Other than Aeronautical,

Aerospacecraft and

Spacecraft Use)
MIL-STD- Mechanical Symbols for 10.2.4.13.2 10 - 18
17-B-2 Aeronautical,

Aerospacecraft and

Spacecraft Use
MIL-STD- Designations for 10.2.4.13.1 10 - 18
27 Electrical Power Switch

Devices and Industrial

Control Devices
MIL-STD- Identification Marking of 6.10.2.2.5 6 -73
130 U.S. Military Property
MIL-STD- Marking of Connections 6.9.1.8.1 6- 64
195 for Electrical Assemblies
MIL-STD- Standard General 6.10.2.2.5 6 - 73
454 Requirements for

Electronic Equipment
MIL-STD- Identification Coding and 6.9.1.8.1 6- 64
681 A[zflication of Hookup

and Lead Wire
MIL-STD- Cable and Cord, 6.9.1.8.4 6 - 65
686 Electrical, Identification

Marking and Color

Coding of.
MIL-STD- System Safety Program 12.1.1 212 -1
882 Requirements
MIL-STD- Markings, Functions and 12.16.12 ..12 - 31
1247 Hazard Designations of

Hose, Pipe, and Tube
lines for Aircraft,
Missile, and Space
Systems
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Document Title Paragraph Page
number number number
MIL-STD- Standard General 1237 .... 12 -5
1473 Requirements for Color
and Marking of Army
Material
MIL-STD- Definitions of Human 3 ... 3-1
1908 Factors Terms
2.1.2.2 FAA
FAA-STD- Color and Texture of 72442 . 7 -25
001 Finishes for National 72916 . 7 -39
Airspace System 919 ....9- 3
Equipment
2.1.2.3 Federal
FED-STD- Preferred Metric Units 10.2.4.11.2 10 - 17
376 for General Use by the
Federal Government
FED-STD- Colors Used in E6.9.241 .6 - 69
595 Government Procurement 74145 .7 - 61
2.1.3 Handbooks
DoD- Anthropometry of U.S. 14112 .. 14 - 2
HDBK-743 Military Personnel 14142 .. 14 - 9
14144 .. 14 -10
143.11 .. 14 -16
14521 .. 14 -43
EEOC-BK- American Disabilities Act 9.7.1 . 9 -53
19 Handbook 9.7.2 . 9 -54
9.7.3 . 9 -55
MIL- Human Factors 145.2.4 .14 - 46
HDBK-759 Engineering Design for
Army Materiel
2.1.4 Orders
2.1.4.1 FAA
FAA- Glossary 10.2.4.85 . 10-16

1000.15
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Document Title Paragraph Page
number number number
FAA- Pol?]/chlorinated Biphenyls 1296 .... 12 - 19
1050.14 in the National Airspace

System
FAA- FAA Directives System 10.4.45.3 .10 - 37
1320.1 10.4.12.3 ..10 - 45
FAA- National Security 11319 .. 11 - 7
1600.2 Information
FAA- Communications Security 11522 .11 -10
1600. 8 (COMSEC)
FAA- FAA Automated 1112 ....11 - 2
1600.54 Information Systems 1113 ....11 - 2
Security Handbook 1114 ... 11 - 2
113 ..... 11 - 4
11319 .. 11 - 7
1132 ....11 - 7
FAA- OccuEational Safety and 417 ... 4 - 2
3900.19B  Health* 424 .... 4 - 4
1211 ... 12 - 1
* In case of any specific 12.4.1.3 12 - 7
conflicts with the rules in
the HFDG, this
complementary document
has precedence in the
broad areas of
Occupational Health and
Safety.
FAA- Hearing Conservation 13511 .. 13 - 14
3910.4 Program 13512 .. 13 - 14
13513 .. 13 - 14
13515 .. 13 - 15
FAA- Contractions 8172a. 8 -16
7340.1 10.2.4.85 . 10 - 16

2.1.5 Regulations

2.1.5.1 Federal
10 CFR 20 Code of Federal 12.16.9 ... 12 - 31

Regulations, Title 10,
Part 20

2-4 FAA Human Factors Program

January 15, 1996



HFDG Complementary documents
Document Title Paragraph Page
number number number
21 CFR Code of Federal 12.15.1 ... 12 - 28
1040 Regulations, Title 21, 12.16.11 .. 12 - 31

Part 1040
28 CFR 35 American Disabilities 425 .... 4 - 4
Act. Regulations to
implement equal
employment provisions
(see 2.1.3 EEOC-BK-19)
28 CFR 36 American Disabilities 425 .... 4 - 4
Act. Non discrimination
on the basis of disability
in public accommodations
and commercial facilities
(see 2.1.3 EEOC-BK-19)
29 CFR American Disabilities 425 .... 4 - 4
1630 Act. Regulations to
implement equal
employment provisions
(see 2.1.3 EEOC-BK-19)
29 CFR Occugational Safety and 417 ....4- 2
1910 Health Standards* 424 ....4- 4
6.1.26 ..6 - 3
* In case of any specific 6.59.1 .. 6 - 33
conflicts with the rules in 6.59.2 ..6 - 33
the HFDG, the applicable 6.651 ..6 - 37
document has precedence 6.6.5.2 ..6 - 37
in the broad areas of 6.12.1.1 .. 6 - 82
Occupational Health and 92112 ..9 - 4
Safety. 93342 .9 - 12
93441 .9 -15
93442 .9 -16
93444 .9 - 16
9.356.1 .9 - 26
9.356.2 .9 - 26
93571 .9 - 28
E9.35.7.1(a) 9 - 29
1211 ....12 - 1
12211 .. 12 - 1
12214 .12 - 1
12215 .. 12 - 2
12221 .. 12 - 3
12411 .. 12 - 6
12413 .. 12 - 7
1241.11.. 12 - 8
124.1.18.. 12 - 9
12422 ..12 - 9
12525 .. 12 -16
1266 .... 12 -16
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Document Title Paragraph Page
number number number
29 CFR Occupational Safety and 127 ..... 12 - 16
1910 Health Standards 12.71.... 12 - 17

(continued) 1275.... 12 - 18
1283.... 12 - 18
1284 .... 12 - 18
129.7.... 12 - 19
1211 .... 12 - 20
12.11.3... 12 - 20
12.115... 12 - 20
12.116... 12 - 21
12.128... 12 - 22
13.25.... 13 - 3
13.27.... 13 - 3
13.5.2.10.. 13 - 17
29 CFR Safety and Health 41.7 .. 4 - 2
1926 Regulations for 425 .... 4 - 4
Construction* 1211 ....12 - 1
12.15.2 ... 12 - 28
* In case of any specific 12,153 ... 12 - 28
conflicts with the rules in 12.154 ... 12 - 28
the HFDG, the applicable 12,156 ... 12 - 29
document has precedence
in the broad areas of
Occupational Health and
Safety.
28 CFR Americans with 425 .... 4 - 4
35.104, Disabilities
36.104
29 CFR Americans with 425 .... 4 - 4
1630.2 Disabilities

2.1.6 Publications
FIPS PUB Standard for Password 11.3.2 11 - 7
112 Usage

2.2

Nongovernment

documents

American Conference of Governmental Industrial Hygienists

(ACGIH) (1014 Broadway, Cincinnati OH 45202)

Threshold Limits VValues

12.7.1 .. ..

12 - 17
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Document
number

Title

Paragraph
number

Page

num

er

American National Standards Institute (ANSI) (11 W. 42nd St

New York, NY 10036)

ANSI
C95.2

ANSI N2.1
ANSI
S3.2

ANSI
S3.5

ANSI
X3.5

ANSI
Y10.19

ANSI
Y32.14

ANSI
Y32.16

ANSI
Y32.2

ANSI
Z535.2

ANSI/
ASHRAE
STD 55

ANSI/HFS
100-1988

ANSI/IEEE
260

Radio Frequency
Radiation Hazard
Warning Symbol

Radiation Symbol

Method for Measurement
of Monosyllabic Word
Intelligibility

Methods for the
Calculation of
Articulation Index

Flowchart Symbols for
Information Processing

Letter Symbols for Units
Used in Science and
Technology

Graphic Symbols for
Logic Diagrams (two-
state devices)

Reference Designations
for Electrical and
Electronic Diagrams

Graphic Symbols for
Electrical and Electronic
Diagrams

Environmental and
Facility Safety Signs

Thermal Environmental
Conditions for Human
Occupancy

American National
Standard for Human
Factors Engineering of
Visual Display Terminal
Workstations

IEEE Standard Letter
Symbols for Units of
Measurements

12.16.8 12 - 31
12.16.10 .. 12 - 31
7.3.5.6.1 7 - 52
7.3.5.6.1 7 - 52
10.2.4.14.1 10 - 18
10.2.4.12.1 10 - 18
10.2.4.13.3 10 - 18
10.2.4.13.1 10 - 18
10.2.4.13.1 10 - 18
12.16.7 12 - 31
12.16.8 12 - 31
133 ..... 13 4
7.2.4.5.4 7 -26
88.13 .. 8 -139
8.8.4.26 . 8 -147
961 .... 9-50
10.2.4.8.7 .10 - 16
10.2.4.11.1 10 - 17
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Document Title Paragraph Page
number number number

ANSI/IEEE Metric Practice

268

ANSI/IEEE Supplement to Graphic

315A

10.4.2.11.2 10 - 17

10.2.4.13.1 10 - 18
Symbols for Electrical
and Electronics Diagrams

American Society of Mechanical Engineers (ASME) (345 East
47th St., New York, NY 10017)

ASME
Y11

Abbreviations for Use on 10.2.4.85 .10 - 16

Drawings and in Text

Illuminating Engineering Society (IES) of North America

IES Lighting Handbook
SEC9 AFpllcation-87,

Industrial Lighting 1341 ....13 - 8

The Institute of Electrical and Electronics Engineers (345 East
47th St., New York, NY 10017-2394)

IEEE C95.1 IEEE Standard for Safety

NFPA 70

1284 ....12 -18
Levels with Respect to

Human Exposure to

Radio Frequency

Electromagnetic Fields,

3 kHz to 300 GHz

National Fire Protection

6.35.12 .6 - 20
Association 12.11.

6...12 - 21
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3 Definitions

In this section, technical terms used throughout this guide
are defined. Where the authors determined the usage of

a term needed to be defined in the context of its use, those
definitions appear as explanatory information.
Abbreviations and acronyms used throughout this guide
are also included.

The context in which the definition(s) is used is noted by
the following abbreviations, given in parenthesis before
the definition:

gen) general or human factors application
uci) user-computer interface

snv) sound, noise, and vibration

sec) security

udoc) user documentation

acq) acquisition

Additional definitions in the human factors area can be
found in MIL-STD-1908, Definitions of Human Factors
Terms.

Abbreviation (gen, udoc) A shortened version of a word or group of
words formed by eliminating one or more letters.

Abduction (gen) The movement away from the midline of the body.

Accessible (gen) Anitem is considered accessible when it can be
operated, manipulated, removed, or replaced by the
suitably clothed and equipped user, with applicable bod
dimensions conforming to the anthropometric range an
database specified by the acquisition program office.

Accreditation (sec) Authorization and approval granted to an automated
information system or network to process sensitive data in
an operational environment.

Acronym (gen) A word formed from the initial letter or letters of a
group of words.

Action level (snv) An 8 hour time-weighted average noise level of 85
dB(A) or, equivalently, a noise dose of 50 percent.

Action statement (udoc) An action verb followed by the object or item
acted upon.

ADA (gen) Americans with Disabilities Act of 1990 (see
Americans with Disabilities Act)

Adduction (gen) The movement toward the median line.

January 15, 1996 FAA Human Factors Program 3-1
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Advance organizer (udoc) Supplementary information that is presented prior
to the main body of information in which a user is
interested. Tables of contents, introductory summaries,
flow charts, and adjunct questions are all advance
organizers as long as they occur before the targeted
information.

AF (gen) Airway Facilities
AIS (acq) Automated Information System

Alarm (gen) Indication that a condition has been detected in
which a sensor or derived parameter is out of the
acceptable operating range. An alarm is the most severe
category of fault. It generally requires remedial action to
correct the condition and clear the alarm.

Alert (gen) Indication that a condition has been detected in
which a sensor of derived parameter has exceeded its ideal
operating range but has not exceeded its acceptable
operating range. An alert is an indication of a potential or
impending alarm condition; however, in most cases
service has not been affected.

Alphanumeric (gen, uci) A descriptive term used to define a character
set containing the letters of an ethnic alphabet, the digits 0
throll(Jgh 9, and generally, special symbols and punctuation
marks.

Americans with (gen) A federal antidiscrimination statute designed to
Disabilities Act remove barriers that prevent qualified individuals with
disabilities from enjoying the same employment
opportunities that are available to persons without
disabilities. The provision of the statute are found in the
following federal regulations: 28 CFR 35.104 and
36.104, as well as 29 CFR 1630.2.

ANSI (gen) American National Standards Institute

Anthropometry (%en) The scientific measurement and collection of data
about human physical characteristics and the application
(engineering anthropometry) of these data in the design
and evaluation of systems, equipment, manufactured
products, human-made environments, and facilities.

Appendix (udoc) A body of supplementary information collected,
labeled, and placed at the end of a document.

Articulation index (snv) A weighted number representing, for a given set of
(Al) speech and noise conditions, the effective proportion of
the normal speech signal that is available to a listener for
conveying speech intelligibility. Al is computed from
acoustical measurements (or estimates) of the speech
spectrum and of the effective masking spectrum, and is
defined on a scale of 0 to 1.0.
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Aspect (gen) The ratio of the horizontal to vertical dimensions of
a character or image.

AT (gen) Air Traffic

Authentication (sec) The act of identifying and confirming the eligibility
of a station, originator, or user to access specific
categories of information.

Authorization (sec) Granting to a user, or group, the right of access to a
program, a process, or information.

Authorized (sec) Operators, maintainers, support or supervisory
personnel| personnel, system administrators, and security personnel.

Automatic test (gen, acq) Test equipment that checks two or more signals
equipment I sequence without the intervention of a maintainer. The
éest usuaallly stops when the first out-of-tolerance signal is
etected.

Automation (gen) The operation or control of a process, equipment, or
subsystem without external influence -- self-regulation.
Automatic processes, for the most part, lack human
capabilities of volition, intention, or conscious planning
and are involuntary or reflexive.

A-weighted sound (snv) A sound pressure level, in decibels, measured using
level [dB(A)] @sound level meter with an A-weighting network. The
A-weighted response is maximum at 2500 Hz, drops
rapidly as frequency decreases below 1000 Hz, and
gradually decreases above 4000 Hz, thereby
approximating the frequency-dependent human response
to moderate sound levels.

Backup (uci) A capability that returns a user to the last previous
display, field, or character in a defined transaction
sequence. Also refers to preserving a second copy of files
for data protection purposes.

Biomechanics (gen) The mechanical characteristics of biological
systems, in this case the human body, in terms of physical
measures and mechanical models. This field is
interdisciplinary (mainly anthropometry, mechanics,
physiology, and engineering). Its applications address
mechanical structure, strength, and mobility of humans
for engineering purposes.

Brightness (gen) An attribute of visual sensation that is determined
by the intensity of light radiation reaching the eye.

Brightness ratio (gen) The measured luminance, at one point divided by
the measured luminance, at another, equal to Li/Lp,
(Ls*+Lp)/Lp, or (1+Ls)/Lp where L = total luminance, or
luminance of the image in the Eresence of background; Ls
= luminance of the symbol without background
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Browse back

Browse exit

Browse next
Built-in test
equipment

C3
Cable

Cancel

Case

Caution

Caution signal

Center-justified text

Certification

CFR

(luminance emitted by CRT in the case of CRT displays,
sometimes called trace brightness); L, = luminance of
background. Brightness ratio is sometimes called contrast
ratio.

(gen) The action of moving to the previous window
without permanently resetting system variables; however,
system variables in the temporary state table will be reset.

(gen) The action of leaving browse mode.

(gen) The action of moving to the succeeding window
without permanentl_¥ setting system variables; however,
system variables will be set to a temporary state table.

(gen) An integral part of a unit of equipment that can
rarllngifrom a simple voltmeter to a complex automatic
checker.

(gen) Command, Control, and Communications

(acg) A number of lines bound together within a single,
permanent sheath.

(uci) A capability that regenerates or re-initiates the
current display without processing or retaining any
changes made by the user. Cancel usually means omitting
only the action of the last command.

(acq) The part of a unit of equipment that encloses and
protects the equipment from its surroundings and protects
the surroundings - including maintainers - from the
equipment.

(udoc) A written notice given when a condition might
result in damage to, or destruction of, equipment or
systems.

(gen) A signal that alerts the user to an impending
dangerous condition requiring attention, but not
necessarily immediate action.

(udoc) Lines centered on the page. Both margins are left
ragged.

(sec) The technical evaluation that supports the
accreditation process and establishes the extent to which a
particular computer system or network design meets a
prespecified set of requirements.

(gen) Code of Federal Regulations

FAA Human Factors Program
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CIE chromaticity (gen) Allows the use of a physical measurement of the
system  spectral energy distribution in a color to calculate the

amounts of three primaries. By definition, these are the
amounts of primaries required by a standard observer to
obtain a visual match with the color. Any color can be
matched using threePrimaries (red, green, and blue), but
in some cases, one of the primaries must be added to the
color being matched. To make calculations with the CIE
chromaticity system, more convenient spectral tristimulus
values are used for three colors, imaginary or primaries.

Circumduction (gen) The continuous circular movement of a limb.

Coding (gen) Use of a system of symbols, shapes, colors, or other
variable sensory stimuli to represent specific information.

Collating test (acq) Test equipment that presents the results of two or
equipment more checks as a single display; for example, a light
might come on only If a number of different signals are in
tolerance.

Comfort zone (gen) The range of environmental conditions in which
humans can achieve thermal comfort.

Command and (acq) The facilities, equipment, communications,

control system  Procedures, and personnel essential to a manager for
planning, directing, and controlling operations of assigned
resources pursuant to the missions assigned.

Command and (acq) The main mission element, equipment, and related
system control ground equipment used in collecting, transitioning,

equipment proceslsmg, and displaying information for command and
control.

Command language (uci) A limited pro%ramming language used strictly for
executing a series of commands.

Commercial-off- (acq) Items of equipment that have been developed
the-shelf (COTS) independently by industry to meet market demands.
These items may be commercial products as defined in the
Federal Acquisition Regulations Part 11 or newly
developed commercial items that have no market history.

Commission (gen) An international oré;an_ization devoted to studying
Internationale @and advancing the art and science of illumination.

de I’Eclairage(CIE)
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Common tool

Complex sentence

Component

Compound sentence

Connector

Contrast

Contrast ratio

Control

Control

Controller

Correlation
coefficient
(r value)

Corridor
Cover
CRT

(acq) A tool, routinely found in the tool supply of
maintenance organizations for a similar class of system or
equipment, which is generic because it is available from
more than one manufacturer, and is not designed or
intended for exclusive use on or with a single system or
piece of equipment.

(udoc) A simple sentence modified by one or more
subordinate phrases or clauses.

(acqg) A subdivision of a unit of equipment that can be
treated as an object by the maintainer, but which can be
further broken down into parts. A mounting board
together with its mounted parts is an example of a
component.

(udoc) Two or more simple sentences joined by a
conjunction.

(ac?) A piece of hardware that joins or attaches lines or
cables to other lines or cables or to units of equipment.
The term is used rather loosely to refer to either of two
parts that mate with each other or to the plug that mates
with a receptacle.

(gen) The perception of the difference in the intensity of
two areas.

(gen) Often specified by display manufacturers because it

is numerically larger (by one) than contrast (see
Brightness ratio).

(uci) Any object that allows a user to perform an action.

(gen) A mechanism used to regulate or guide the
operation of a machine, equipment component,
subsystem, or system.

(uci) Any device used to position the cursor on the
computer monitor screen. (Examples are: mouse,
joystick, cursor keys, light pen, touch screen, track ball.)
ggen) The degree to which two variables vary together

positive correlation) or vary inversely (negative
correlation).

(gen, acq) Walkways that are physically restricted.
(acq) Parts of equipment that close access openings.

(acq, uci) Cathode Ray Tube

3-6
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Cursor

Dark adaptation

Database

Data display

Data entry

Data entry window
Data field

Data field label

dB(A)

Decibel (dB)

Dedicated key

Default value

Depression

Design limits
approach

(uci) A marker on the display screen that indicates the
position where the computer expects the next input or will
display the next output. The cursor may be positioned
under computer control or by the user (see Controller).

(gen) The process by which the eyes become accustomed
to dim light.

(uci) A set of interrelated data stored in a computer.

#uci) Communication of visual, audio, or other output
rom a computer to its users.

(uciR User input of data (numeric, textual, graphic, or
analog) for computer processing and computer responses
to such inputs.

(uci) Contains a set of labeled fields for entering,
changing, and deleting data.

(uci) An area of the display screen reserved for user entry
of a data item.

§uci) An area of the display screen that serves as a prompt
or entering a data item. It usually cannot be changed by
a user.

(snv) The unit used to express sound level measured
through the A-weighting network of a sound level meter
(see A-weighted sound pressure level).

(snv) A unit to express sound pressure level. The decibel
is the unit of level when the base of the logarithm is the
tenth root of ten and the quantities concerned are
proportional to power. The dB has meaning only when
the referenced quantity is known. The internationally
accepted reference pressure in acoustics is 20
micropascals (uPa) which corresponds to 0 dB.

(uci?]A key which produces one code and is never affected
by the position of either the CTRL or SHIFT keys.

§pci) A predetermined, frequently-used value for a data
ield or control entry, intended to reduce required user
entry actions.

(gen) The lowering of a body member from its normal
position.

(gen, acq) A method of applying Eopulation or sample
statistics and data about human physical characteristics to
a design so that a desired portion of the user population is

January 15, 1996
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Dialo
(or dialogue%

Disability

Displacement
joystick

Display sequencing

DOD
Dynamically-
generated fault

isolation
recommendation

Dynamic strength

Effective
temperature

Effective watt

Electroluminescent
device (EL)

Elevation

accommodated by the design. The range of users
accommodated is a function of limits used in setting the
population portion.

(uci) A structured series of transactions. A structured
series of interchanges between a user and a computer.
Dialogues can be computer initiated (question and answer)
or user initiated (command languages).

(gen) A physical or mental impairment that substantially
limits one or more of a person’s major life activities.

(uci) A joystick that moves in the direction it is pushed.
Displacement joysticks are usually spring-loaded so that
they return to their center position.

(gen, uci) A means of reducing clutter by displaying a
series of partial displays or sequential data displays.

(gen) Department of Defense

(gen) A recommendation made by a computer system
based on stored information and information received
from user inputs, automated system inputs, or both. The
information used by the system may include historical
information, heuristics, probability factors, and cost
factors. The recommendation may be derived using
model-based reasonin?, dependency models, fault-based
reasoning, rule-based logic, information theory, or
advanced artificial intelligence schema.

(gen) A force exerted by limbs moving in a smooth
manner over time, such as while lifting an object.

(gen% An empirical thermal index that illustrates how
combinations of dry bulb air temperature, wet bulb
temperature, velocity of air, and clothing affect people.
This index combines into a single value the effect of
temperature, humidity, and air movement on the sensation
of warmth or cold felt by the human body. The numerical
value is that of the temperature of still, saturated air that
would induce an identical sensation.

(gen) 1.84 watts

(gen) A device that produces light through electrical
excitation of a phosphor.

(gen) The raising of a body member from a normal
position.
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Explosive strength

Extension

FAA

Fail-safe design

Fastener

Figure

File

Flexion

Fully-justified text

Glare

Go, no-go test
equipment

Grid lines

Guard
Handle
""Hand shaking™

Hard copy

(ﬂen) The application of peak amounts of strength for
S

ort periods of time, usual
running or sprinting.

ly periodically, such as in

(gen) The straightening of a limb or an increase in the
angle between parts of the body.

(gen) Federal Aviation Administration

(gen) Design where a failure will not adversely affect the
safe operation of the system, equipment or facility.

(acq) Devices that join, attach, and mount components,
cases, covers, and units of equipment. They include
quick fastening and releasing devices, screws, bolts,
latches, catches, rivets, retainer rings, and retainer chains.

(udoc) An exhibit that is pr
in nature, as opposed to ve

imarily graphical or pictorial
rbal or numerical.

(uci) A collection of data that is stored in a computer,
treated as a single unit by the operating system of the

computer.

(gen) The process of bending of a limb or decreasing the
angle between parts of the body.

(udoc?
that a
alignment of both margins.

el
the eye is adjusted.

Spacing is added between the letters and words so
| lines are the same length, resulting in the

#gen Produced when any luminance within the visual
is suff|C|entI3/ greater than the luminance to which

(acq) Test equipment that provides one of two alternative

answers to any question.

(gen, uci) Vertical lines, horizontal lines or both,
extending from the scale divisions of the respective axes
and intended to aid users in locating and reading data

points.

(gen) An enclosure or barrier intended to prevent
inadvertent or unauthorized operation of a control.

(gen, acq) A permanent part of a unit of equipment that is
designed to be grasped by the hand.

(sec) A question and answer dialogue whereby the
computer asks questions from a previously established set.

(uci, gen) In com(futer graP
permanent repro
transmitted. The reproduct

hics or telecommunications, a

uction of the data displayed or

ion may be on any media
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suitable for direct personal use. Teletypewriter pages,
continuous printed tapes, facsimile pages, computer
printouts, and radiophoto prints are all examples of hard

copy.

(uci, gen) Magnetic tapes, diskettes, or nonprinted
punched paper tapes are not hard copy.

Hazardous condition (%fn) The presence of energy or a substance which is
likely to cause death or injury by reason of physical force,

shock, radiation, explosion, flames, poison, corrosion,
oxidation, irritation, or other debilitation. Biological and
chemical hazards can have debilitating effects through
disease or interference with physiological functions.

Hazardous location (gen) A space within a facility, room, or open _
environment where a hazardous condition exists or is

accessible or exposed within the system or equipment
located within the space.

Heading (udoc) The title of an organizational subdivision of a
document.

Help (uci) A capability that displays information upon user
request for on-line guidance. HELP may inform a user
generally about system capabilities or may provide more
specific guidance in data or information handling
transactions.

HFDG (acq) Human Factors Design Guide; the title for the
current version of this guide.

Hierarchical menu (uci) A large menu that is organized as a multi level
branching structure of smaller menus in which an option
in a higher level menu is the name of another menu on the
next lower level.

Highlighting uci) Emphasizing displayed data or format features in
some way, e.g., through the use of underlining, bolding,
or inverse video.

Hotspot (uci) The precise ﬁart of a screen pointer that marks the
screen position where an operation on a pointing device
will have an effect.

Human-centered (gen, acq) Automation designed to work cooperatively
automation With humans in pursuit of stated objectives. It may

facilitate human attention and effort. Automation can be
regarded as another resource to be used by those humans
who are responsible for and who direct the system and its
components. Human-centered automation is applied in
complex systems in a manner that integrates the automatic
subsystems with the human, their interfaces, and
performance capabilities.

3-10 FAA Human Factors Program January 15, 1996



HFDG 3 Definitions

Human interfaces (gen, acq) Design provisions that enable human
interactions with other components within the operational
system and with interacting systems qlor example,
logistics systems%. Interfaces enable human-human
interactions and human-hardware and -software
interactions. (Human interactions and interfaces
influence the organization of the system and the
information that the operational system handles.)

Human physical (gen) The specific physical, mobility, or strength features
measurement Of hum%r_ll_use_rs and the SX licit way tha;[]a human feature
Y or capability is measured for use as anthropometric or
characteristics biomechanical data.

Icon (uci) A graphic representation of a computer display that
stands for objects, such as files, windows, or applications.

lconized windows (uci) Convert a window from a window to an icon.

Identification (sec) The process that enables the security safeguards to
recognize a user name.

IES (gen) lHluminating Engineering Society of North America

Illumination (gen) The amount of light (Iuminance flux) falling on a
surface. Measured in lumen/m* = lux = 0.093 ft-c.

Impairment (gen) A loss of or abnormality of physiological or
anatomical structure or function.

Indication statement (udoc) States the name of an indicator that the user reads
or observes and the indication expected to result from the
action. The stated indication is what is expected if the
equipment or system is operating normally.

Information (uci, gen) Organized data that users need to perform their
tasks successfully. Information serves as an answer to a
user’s questions about data and may imply effective
assimilation of data by a user. Information may include
data that have been processed and formulated by
automated or manual means to satisfy a knowledge
requirements for use by a decision maker.

Information (uci,gen) A system, whether automated or manual, that
system  comprises people, machines, and/or methods, organized
to collect, process, transmit, and disseminate data that
represent user information. A computer-supported, task
oriented tool desiPnated to help users perform defined
information handling tasks.
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Input focus

Interlocks

Irradiance

Isometric joystick

Item

Keyboard
accelerator

Keyboard lockout
Keyguard

Label

Lateral rotation

Layout

Left-hand page

Left-justified text

(uci) The notion that only one window, and usually only
one object in a window at a time, is capable of accepting
input from the keyboard.

(acq) Devices (for example, switches) connected with a
cover, shield, or case that disable the associated internal
hazard (usually electrical) when the cover, shield, or case
is opened.

(gen) The radiant flux density on a given surface.

(gen) A joystick that responds to the amount and direction
of pressure applied to it, but does not move.

(acq? A non-specific term used to denote any product,
available or in design or development, including parts,
components, modules, and units of equipment.

(uci) A key or combination of keys that a user can type to
select an option or menu without having to display the
menu.

(uci? A state determined by an application in which the
application does not accept input from the keyboard.

(?en) A keyboard cover with holes over keys the user is
allowed to operate.

(gen, acq) Alphanumeric information that identifies or
describes an object. Labels can be printed directly on or
adjacent to the object, or they can be printed on a card or
qute that is attached to the object or adjacent to the
object.

(gen) The turning away from the midline of the body.

(gen, acq) The physical arrangement of the parts and
components that make up a module or a unit of
equipment.

(udoc) On a two sided document the left-hand page is the
page printed on the rear.

(udoc) Text is aligned at the left margin. The right
margin is left ragged.
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Light-emittin
diode (LED%

Limit stops

Line

Linking sentence

Liquid crystal
display (LCD)

List
Location cursor
Lockout

Luminance

Luminance contrast

Luminance ratio

(gen?]A pn-junction semiconductor device that emits
incoherent optical radiation when biased in the forward
direction. Primarily used in place of incandescent lamps
as indicators and in alphanumeric assemblies.

(acq) Mechanisms that restrict a moving object or part by
stopping it at predetermined (limit) positions.

(acq) A single length of pipe, wire, or tubing.

(udoc) A sentence that connects the paragraph it is in to
the paragraph that precedes or follows it. The connection
is usually accomplished by repeating a word or phrase or
referring to a concept.

(gen) A segmented, solid state, passive display device
consisting of a liquid crystal material, composed of
specialized molecules, sandwiched between two
conductive plates, at least one of which is transparent.
Transmission of light through the medium containing the
crystals is affected by the orientation of the crystals.
When a current is applied, the orientation of the crystals,
and therefore the transmission characteristics of the
medium, are altered, resulting in contrast between
particular segments/pixels and their background.

(udoc) A series of similar or related items in which each

item is marked and displayed on a separate line or lines.

The markings can be graphic symbols, such as bullets ()
or squares (=), or sequential identifiers, such as numbers

or letters.

(uci) An indication of the object in a window that has
input focus. Its shape depends on the object; often it is a
rectangle that outlines or highlights the object.

(gen) A mechanical means to disable a control or switch
in its safe position (for example, electrically disconnected)
and to prevent its activation without the use of undue
force or tools.

(gen) The amount of light per unit area emitted or
reflected from a surface.

(gen) The contrast between a figure and its background.
Luminance contrast (C) is equal to the difference between
the higher luminance value (L;) and the lower (L) divided
by the lower value (Ly): C = (L; - Ly)/L..

(gen) The ratio of the luminance of an object to the
luminance of its surroundings; the ratio of the target,
subject, or symbol luminance to the surrounding field or
background luminance. For projection systems, the
luminance ratio is equal to the light output of a projector
(measured with no film in the pro'ectorgj reflected off the
screen (image luminance) divided by all the light falling
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Map
Markings

Master caution
(warning) signal

Mechanical binding

Medial rotation

Menu
Menu bar
Menu function

Menu selection

Mnenomics
Modal window

Modeless window

Modularization

Module

Mounting

on the screen (measured from the greatest viewing angle)
other than that actually forming the i |ma%e (nonimage or
back%round) for example, LR = L/L, where: L=Image
or subject luminance; L,=Nonimage or background
luminance.

(gen) A representation of geographic data.

(gen, acq) Nonverbal information, such as color or
symbols, that identifies or describes an obg)ect. Marking
can appear directly on or adjacent to the object, or it can
be printed on a card or plate that is attached to the object
or adjacent to the object.

gen) A signal that indicates that one or more caution
warning) lights have been actuated (see "Caution signal™
and "Warning signal™)

(udoc) The pages of a document are punched with either
round or slotted holes and placed in a ring binder.

(gen) The turning toward the midline of the body.

(uci) A list of options from which a user makes a
selection.

(uci) A menu that is usually displayed horizontally across
the top of the display screen.

(uci) A function that causes the appearance of a menu
appropriate to the location of the pointer.

(uci) A tP/pe of dialogue in which the user selects one item
out of a list of displayed alternatives, whether the
selection is by pomtmg, by entry of an associated option
code, or by actuation of an assigned function key.

§uci) A single, underlined letter for an option, different
rom any other in the menu.

(uci) A user must interact with this window before
interacting with other windows.

(uci) A user is free to interact with other windows.

#acq) The separation of equipment into physically and
unctionally distinct units that can be easily removed and
replaced.

(acq) An assemblage of two or more interconnected parts
or components that comprise a single, physical and
functional entity.

(acq) The positioning and attachment of parts,
components, and modules.

3-14 FAA Human Factors Program

January 15, 1996



HFDG 3 Definitions

NAS (gen) National Airspace System

En? ish measurement system is equal to 4.4482 Newton
(1 ft1b=4.4482 N).

Newton (N) (genR A metric measure for force. One force pound in the

Noise (snv) A sound having a complex character with numerous
separate frequency components extending over a wide
range of frequencies and not generated to convey meaning
or information.

Nondevelopmental gacq) Equipment that can be commercial-off-the-shelf
item (NDI) (COTS), modified COTS, or previously developed. NDI
can be defined as any one of the following:

a. Item of supply that is available in the commercial
marketplace (COTYS).

b. Previously developed item of supply that is in use
by a department or agency of the U.S., a state or
local government, or a foreign government.

C. Item described above that requires only minor
modification to meet the procuring agency’s
requirements (includes modified COTS). Minor
modifications are defined as modifications that do
not adversely affect safety, durability, reliability,
performance, interchangeability of parts or
assemblies, maintainability, weight (where weight
Is significant), or any other significant objective of
the end item.

d. Item currently being produced that does not meet
the above requirements solely because it is not yet
in use, or not available in the commercial
marketplace.

Note (udoc) A written notice given to draw the readers
attention.

Object (uci) A passive entity that contains or receives
information.

On-line help (uci) An interactive context sensitive source of
information that informs a user what entry to make at a
current location in an application.

Optimal visual zone #gen) Refers to a 30 degree cone symmetrical about a line
rom the design eye position extending outward to the
center of the instrument panel, the apex of the cone being
at the design eye.
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Option
OSF/Motif™

OSHA
Packaging

Packaging (of a unit
of equipment)

Paging
Pamphlet binding
Panel

Panning

Part

Passageway

PC
PCB
PEL

Percentile statistic

Percentile value

Perfect binding

Person with a
disability

(uci) One of the selectable items in a menu.

(gen) A trademark of the Open Software Foundation
Incorporated, a graphical user interface.

(gen) Occupational Safety and Health Administration

(acq) The grouping of functions, components, and parts
Into units or modules.

(acq) The assembling, mounting, and enclosing of the
items that it includes.

(uci) The process of scrolling through data one page at a
time.

(udoc) Stitching or stapling the pages of a document
together.

(gen) The front face of an assembly, normally used for
mounting controls and displays.

(uci) An orientation of display framing in which a user
conceives of the display frame as moving over a fixed
array of data. The opposite of scrolling.

#ac ) An object that cannot normally be broken down
urther without destroying its designated use. Fuses,
resistors, and capacitors are examples of parts.

(gen, acq) Areas across which people must pass for work
purposes.

(gen) Printed Circuit
(gen) Polychlorinated biphenyls
(snv) Permissible Exposure Limit

(gen) Determined by ranking all data values (using the
applicable measurement values related to the selected
human physical characteristic) in the sample and
determining the percentage of data that fall at or below a
specific datum value.

(gen) The percentage of data that fall at or below a
specific datum value.

(udoc) The pages are assembled, the left side is cut and
roughed, glue Is applied, and the cover is glued to the

pages.

(gen) A person who has a disability, has a record of a
disability, or is regarded as having a disability.
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Pica
Pixel
Point

Pointer

Pointing device

Pop-up menu

Position coding

~ Predefined fault
isolation sequence

Preferred speech
interference level-4
(PSIL-4)

Primary window

Print contrast

Proceduralized
instruction

Prompt
Pronation

Pull-down menu

Push button

(udoc) A unit of measurement used in printing. It is equal
to 0.17 inch (4.23 mm).

(uci) A contraction for picture element. A pixel is a
single dot on a display screen.

(udoc) A measure of the height of type; there are 72
points in an inch (2.54 cm).

(uci) A symbol displayed on the screen that is controlled
by a pointing device.

(uci) A nonk%yboard_ device, such as a mouse, that allows
a user to rapidly navigate and select items from a display
screen.

(uci) A menu that is associated with a particular object on
display.

(gen, uci) The consistent placement of controls, displays,
and associated information in the same physical location
within identical (or similar) workstations and displays.

(gen) A sequence of fixed procedures and tests that leads
to a suspected fault. It is similar to a "fault tree” in a
fault isolation manual.

(snv) A measure of the effectiveness of noise in masking
speech. It is the arithmetic mean, in decibels, of sound
pressure levels in the four octave bands with center
frequencies of 500, 1000, 2000, and 4000 Hz.

(uci) A top or high level window in an application.

(gen, udoc) The ratio of the difference in brightness
between the printing and its background to the brightness
of the background (assuming dark print on a light
background%. It is defined by (B1-B2)/B1, where Bl is
the brighter of the two.

(udoc) A set of step-by-step instructions -- a procedure --
intended to ensure the successful completion of a task.

(uci) A cue or reminder provided by the computer that
alerts and guides the user to take some action.

(gen) The downward turning of the palm, or lying face
down.

(uci) A menu that appears when a menu bar is selected.

(uci) A control that appears as a bounded area (for
example, a rectangle or oval) on a window.
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Qualified person
with disability

Query
Query language

Question and
answer

QWERTY

Reasonable
accommodation

Reflectance

RF
Right-hand page

Right-justified text
Saddle stitching
Saturation

Scrolling

(gen) A person with a qualifying disability who meets
legitimate skill, experience, education, or other
reﬂuirements of an employment position that he or she
holds or seeks. This person must be able to perform the
essential functions of the position (with a reasonable
accommodation, if necessary).

(uci) The process of specifying, Iocatin(f;, and retrieving
data matching specified characteristics from a data base.

(uci) A type of dialogue in which users compose control
entries for displaying specified data from a data base.

(uci) A type of dialogue in which the computer displays
questions, one at a time, for a user to answer.

(gen, uci) The name given to the layout of alphabetical
keys on a keyboard where the left to right order of the top
row is QWERTY. These keys are assigned to the left
hand in the touch typing method.

(gen) Any modification or adjustment to a job or the work
environment that will enable a qualified person with a
disability to participate in the application process and to
perform essential job functions. It may include: (1)
making existing facilities readily accessible to and usable
by people with disabilities, (2) restructuring jobs, (3)
providing part-time or modified work schedules, (4)
acquiring or modifying equipment or devices, (5)
adjusting or modifying examinations, training materials or
policies, (6) providing qualified readers or interpreters,
and (7) other similar accommaodations.

(gen) The ratio of luminous flux reflected from a surface
to luminous flux striking it.

(gen) Radio frequency

(udoc) On a two sided document the right-hand page is the
page printed on the front.

(udoc) Text is aligned at the right margin. The left
margin is left ragged.

(udoc) A way of binding a document which permits the
document to lie flat.

(geln) The relative amount of whiteness in a chromatic
color.

(uci) A method used to move through the contents of a
window or list in a dialogue box using the scroll bar or
scroll arrows.
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Scrolling menu (uci) A menu containing many options which permits the
gequential display of all options through the use of a scroll
ar.

Seat reference point (gen, acq) A point in the mid-sagittal plane where surfaces
(SRP) of the seat back and seatpan intersect. The point at which
the center line of the seat back surface (depressed) and
seat bottom surface (depressed? intersect. When the seat
is positioned at the midpoint of the adjustment range(s),
this intersection point is called the neutral seat reference
point (NSRP).

Secondary window (uci) A window that is displayed from within a primary
window or another secondary window.

Security (sec) Physical protection, control of automated system
assets and the information processed by these resources.

Security architecture (sec) A subset of the overall system architecture that
protects the automated system, telecommunication,
physical, and informational assets through denial of
service and unauthorized (accidental or Intentional)
disclosure, modification, or destruction.

Security safeguards (sec) The protective measures and controls that are
prescribed for a system. They may include, but are not
necessarily limited to: operational procedures, physical
security, or hardware and software features.

Select function (uci) Selects or activates objects on the screen or sets the
location of the cursor.

Selection (uci) The action taken by a user in choosing a menu
option.

Service point (acg) A means for lubricating, filling, draining, charging,
and similar service function. Service points allow
adequate adjustment, lubrication, filling, changing,
charging, and other service to be provided on all
equipment and components requiring such service
between overhauls.

Shield (acq) Parts of equipment intended to protect components
that are susceptible to damage or to protect maintainers
from possible injury.

Simple sentence (udoc) Consists of one subject and one predicate.
Situation display (gen) A means of relating dynamic information to a map.

Slider (gen) A control used to set a value and give a visual
indication of the setting.

Soft key (uci) An area on a screen that represents a function.
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Speech
intelligibility

Speech interference
level

Specular surface
Stacking
Static strength

Supination

Supervisory control

Symbol

Symbol size

(snv) A measure of the percentage of words, phrases or
sentences correctly understood over a given speech
communication system in a given noise situation. It may
be measured by either the Phonetically Balanced (PB)
Monosyllabic Word Intelligibility Test or the Modified
Rhyme Test (MRT). The former consists of a list of
1,000 words In which each word is spoken and written
down by a listener. The latter consists of a list of 300
words in which a word is spoken and the listener responds
on a prepared multiple format selecting one of six words
as the item heard. Speech intelligibility may also be
predicted by the Articulation Index (Al) in which
calculation is performed on the peak-speech-to-mean-
square noise ratio obtained in selected frequency bands
from 200 to 7,000 Hertz, i.e., peak amplitude of speech
in relation to the root-mean-square amplitude of the
background noise.

(snv) A measure of the effectiveness of noise in masking
speech. It is the arithmetic mean of the same pressure
levels of interfering noise (in dB re 20x Pa) in the four
octave bands centered on the frequencies 500, 1000,
2000, and 4000 Hz, respectively. The unit of speech
interference is the decibel (dB).

(gen) A surface that provides a specular reflection, a shiny
surface.

(uct) The stringing together of commands so that they all
will be executed with a single command.

(gen) A steady force exerted while the limbs are in a
stationary or static position (also known as isometric
strength).

(gen) The upward turning of the palm, or lying face up.

(gen) A concept derived from an analogy with the
Interaction between a human supervisor and an intelligent
staff. In supervisory control systems, one or more human
operators set, adjust, monitor, and interpret information
from computers that control tasks in external processing
systems. Feedback from sensors in the dynamic processes
may be integrated and displayed for monitoring and
"intelligent" interpretation by human or computer
decision making. Human interactions involve learning,
planning, teaching (programming), monitoring, detecting
problems, diagnosing problems, and intervening with
control actions for operations and maintenance purposes.

(gen) A geometric form or alphanumeric information used
to represent the state of a parameter on a display.

(gen) Actual symbol size on the display, based on eye
distance from the display. Can be calculated using the
following formula: L=2D tan (a/2), where: L= size of
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symbol at the display, D= design eye distance from the
isplay, a= symbol subtense (degrees) at D.

Syntax (udoc) The set of rules governing a command language.

System  (acq) A composite of equipment, skills, and techniques
capable of performing or supporting an operational role,
or both. A complete system includes all equipment,
related facilities, material, software, services, and
personnel required for its operation and support to the
degree that it can be a self-sufficient unit in its intended
operational environment. (Examples: National Airspace
System, Remote Maintenance Monitoring System) When
government furnished equipment (GFE), COTS, NDI are
required for system oi)eration, whether or not operation
with GFE occurs in all cases of system operation, that
GFE is part of the system.

System (acq) A basic process for s?{s_tematically defining the

engineering €quipment, personnel, facilities, and procedural data
required to meet system objectives. The process is
iterative, requiring updating, and having feedback loops
to ensure that each component developed contributes to
the system in meeting mission objectives. A system
engineering analysis may include, but is not necessarily
limited to, the following:

a. Preparation of operationally-realistic mission or role
profiles and mission or role scenarios.

b. Preparation of functional flow block diagrams for
the system.

C. Functional analysis of each flow block and

definition of operational and support equipment and
facilities requirements.

d. Preparation of system and subsystem schematic
block diagrams.

e. Study of detailed functions, environment, and
technical design requirements to allocate assignment
of tasks to personnel, equipment, software, or
some combination thereof.

f. Preparation of operations and maintenance time line
analyses to determine system reaction time.

g. Preparation and analysis of operational and
maintenance task data to determine equipment
quantities, personnel loads, and system down-time
for scheduled and unscheduled maintenance.

h. Training implications.
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I. Development of training equipment requirements.
J. Conduct of failure mode analysis.
K. Preparation of test planning analysis.

Table (gen, udoc) An array of data or text in rows and columns.
Usually at least one dimension, either the rows or the
columns, is labeled; sometimes both are labeled.

Tagout (gen) Tags that are attached to a control or place of
hazard to identify the required control condition and
hazard associated with an ongoing mode of operation or
maintenance.

Technical Issuances (udoc) Publications (according to FAA Order 1320.1D)
acquired from non-agency sources or developed within the
FAA that directly concern installation, maintenance, or
modification of equipment, equipment systems, facilities,
or aircraft. Manufacturers’instruction books for plants
and equipment are included in this category. A basic
objective of using this category is to permit the merging
of internally developed and externally acquired technical
manuals and publications into consolidated, single source
documents. Because of necessary deviations from
standard directive format and issuance procedures, they
are designated technical issuances.

Test point  (acq) A means for conveniently and safely determining the
operational status of equipment and for isolating
malfunctions.

Text entry (uci) Initial entry and subsequent editing of textual
material, including messages.

Thermal comfort (gen) A mental condition that is based upon the lack of
perception of noticeable changes in temperature, which
results in a personal expression of satisfaction with the
environment.

Title (udoc) A word or phrase that describes or identifies the
contents of a document.

Toggle switch I(gen, acq) A switch with discrete positions operated by a
ever.

Tonal coding (gen) Coding based on different shades of the same hue.

Transaction (uci) A user action paired with an associated computer
response (or vice versa).

Transilluminated (gen) A display in which light passes through the element
display being viewed. These displays include panels and
indicators that use back- or edge-lighting and that use
clear, translucent, fluorescent, or sandwich material.
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Transillumination

Tremor

TWA

Unit of equipment

Unitization

Users

VDT

Ventilation

Walkway
Warning

Warning signal

Wet bulb globe
temperature
(WBGT)

Window

(gen) Light passed through, rather than reflected off, an
element to be viewed, e.g., illumination used on console
panels or indicators utilizing edge and/or back lighting
techniques on clear, translucent, fluorescent, or sandwich
type materials.

(gen) The oscillation of a body extremity concomitant
with the effort to maintain a fixed position or direction.

(gen) Time Weighted Average

(acq) An assemblage of items that may include modules,
components, and parts that are packaged together into a
single hardware package. A computer, keyboard, and its
visual display are all units of equipment.

#acq) The packaging of equipment in physically and
unctionally distinct units that can be easily removed and
replaced.

(gen, sec, uci, udoc) Authorized operators, maintainers,
support or supervisory personnel, system administrators,
and communications personnel.

(gen, uci) Visual Display Terminal

#gen, acq) The process of supplying air to or removing air
rom any space by natural or mechanical means.

(gen, acq) Areas designed for walking.

(gen, udoc) A written notice given when a situation might
result in injury or loss of life.

(gerg_ A signal which alerts the operator to a dangerous
condition requiring immediate action.

(gen) A meteorological measurement which can be used as
an index to designate conditions of temperature and
humidity at which on-set of heat stress can be expected at
a particular energy expenditure level. It is calculated as
follows: WGBT=0.7Twgnp+0.2tg+0.1T A, Where:

Twenp=n0on-psychrometric (np) wet-bulb (WB),
temperature,

Tg=temperature at interior center of a 15.2 cm (6
in% black globe, and

Ta=non-psychrometric, but shaded, dry bulb (air)
temperature.

(uci) A rectangular area on the screen that provides a
visual means for interaction with an application.
Aﬁppllcatlons also use windows to provide information to
the user.
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Workplace (gen) Locations where FAA personnel must go in order to
operate or maintain equipment or to control the areas
where equipment is installed (for on-site, on-equipment
tasks), repair shops, and remote maintenance control
areas. Some maintenance activities will be associated
with equipment controlled by operators. Thus the same
workplaces must accommodate both maintainers and
operators.

Workstation #gen) Workplaces with special accommodations,
urnishings, or equipment that are designed for the
intended worker tasks. Desks, offices, repair benches,
tools, equipment, and computer terminals are examples of
these special accommodations and equipment. Work
stations are designed as locations for one or more workers
to use in accomplishing purposeful tasks or jobs.
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o A potential rule written as a design guideline; ® a potential rule written as a design criterion (see 1.4.1.1).
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4.1 Principles
for designing or
selecting systems
and equipment

This FAA Human Factors Design Guide (HFDG) for Acquisition
of Commercial-off-the-Shelf (COTS) Subsystems, Non-
Developmental Items (NDI?{ and Developmental Systems is a
consolidated reference for human factors professionals to use as
an aid in the design and evaluation of new systems and
equipment. By referring to and using this document, human
factors professionals can enhance the effectiveness of human-
system performance in the operational environment.

This section includes general human factors rules that relate to
ﬁrinciples for designing or selecting systems and equipment,

uman performance, and system interactions. To the degree that
the potential design criteria and guidelines become accepted
practice, or serve as a foundation for inputs to contractual
agreements, they can be regarded as requirements.

Design and acquisition personnel, including human factors
professionals, need to recognize that the human components,
their roles, and performance in operational systems require
design considerations similar to those routinely given to other
system components, such as hardware and software. The general
principles which follow contribute to this recognition and to
effective, safe systems. They relate to simplicity, standardization,
safety, and ruggedness.

4.1.1 Simplicity in design. The system or equipment desié:]n
should be as simple as possible, consistent with the desire
human-machine system functions, and compatible with the
expected maintenance concepts. The resulting system or
equipment should be capable of being maintained, operated, and
repaired in the planned operational and maintenance environment
by personnel requiring minimal training.

Discussion. Equipment desié]ned with simplicity in mind
is generally more reliable and easier for personnel to
maintain and operate. When different designs are
compared from a human factors view, the simplest design
usually has less potential for human error.

4.1.2 Hardware and interface standardization. Equipment and
human-machine interface designs shall be standardized to the
degree practical and compatible with system functions and
purposes. Equipment with identical functions shall employ
Identical or similar hardware and human-machine interfaces.

4.1.3 Software standardization. Software shall be as
standardized as possible so that applications that address common
functions employ the same user dialogues, interfaces, and
procedures. When software imﬁrovements are necessary, the
revised software shall employ the same or similar (but improved)
dialogues, interfaces, and procedures to minimize maintainer and
operator confusion.
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m  4.1.4 Standardization for maintenance. ldentical interfaces,
fasteners, switches or breakers, and connectors shall be used
throughout a unit of equipment. Similarly, control, display,
marking, coding, labeling, and arrangement schemes shall be the
same for common functions.

Discussion. Standardization simplifies maintenance
ﬁrocedures, reduces the tools required, the potential for

uman error, training time, skill requirements, inventory
of spares, and documentation.

= 415 Distinctive identification, interfaces, and
interconnections. Units of equipment or modules that have
different functions shall be distinctive in their appearance and
identification. Equipment with different functions shall have
distinctive interfaces (control and display features, and
connectors) so they cannot be interconnected or used
erroneously.

= 4.1.6 Design for common tools. Whenever possible, system and
equigment design shall minimize auxiliary equipment and the
number of tools needed for maintenance by designing for
common tools available in a maintainer’ tool box. Special tools
shall not be designed or required for maintenance without the
approval of the acquisition program office.

m 417 Safety. System and equipment design shall incorporate
applicable system and personnel safety design criteria. These
criteria include those that minimize human error under normal,
degraded, or emergency conditions, and under adverse
environments. Such safety design criteria shall be demonstrated
during development testing. Occupational Safety and Health
Standards adopted by the FAA are spelled out in FAA Order
3900.19B and include 29 CFR 1910 and 29 CFR 1926. These
provide minimal applicable safety and health standards for
acquisition design. If any conflicts are found, the CFRs and
FAA orders prevail over this guide.

= 4.1.8 Fail-safe design. A fail-safe design shall be provided for
systems whose failure could cause catastrophic damage, injury to
personnel, or inadvertent operation of equipment.

= 4.1.9 Ruggedness. Systems and equipment shall be sufficiently
rugged to withstand handling during operation, maintenance,
supply, and transport within the environmental limits specified in
the applicable product specification.

42 Hum General considerations that affect human performance are
. uman ; . o ¢

f presented under the topics of design compatibility, environment,
perrormance protection and safety, work space, and design for the disabled.

= 421 Design compatibility. New FAA systems, facilities, and
equipment managed and maintained by the FAA shall provide the
following system design features:
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adequate physical, visual, and auditory interfaces and
communication links among personnel as well as between
personnel and their equipment under normal, adverse, and
emergency conditions;

provisions for minimizing the physical and psychological
stress effects of task or job demands (including duration
and fatigue effects);

provisions for effective handling of equipment, auxiliary
equipment, and tools (including remote handling, when
applicable);

compatibility of the design, location, and layout of
controls, displays, workspaces, maintenance access,
storage provisions, and rest provisions; and

compatibility with restrictions imposed upon personnel by
clothing, personal equipment, tools, and auxiliary
equipment associated with maintenance tasks.

4.2.2 Environment. Design and selection of FAA systems,
equipment, and facilities shall prevent the following
environmental factors from degrading human performance below
levels Irequired for system operation, maintenance, training, and
control:

a.

atmospheric conditions (including composition, pressure,
temperature, and humidity) and other uncontrolled
variable conditions (snow and floods);

acoustic noise, vibration, acceleration, shock, blast, and
impact forces, as well as uncontrolled variability beyond
safe limits; and

levels of natural or artificial illumination acceptable for
the human tasks.

4.2.3 Protection and safety. Design and selection of FAA
systems, equipment, and facilities shall provide the following
protection and safety characteristics:

a.

effective protection from thermal, chemical, biological,
toxicological, radiological, mechanical, electrical,
electromagnetic, pyrotechnic, optical, and other hazards;

provision of nonrestrictive personal life support and
ﬁrotectlve equipment where potential hazards to life or
ealth necessitate protection;

design features to ensure efficiency, safety, ease, and
economy of maintenance in normal, adverse, and
emergency environments; and
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4.3 System
Interactions

d. adequate emergency systems for contingency
management, escape, survival, and rescue.

The above provisions and features for safety shall also comply
with the minimal OSHA requirements of FAA Order 3900.19B,
as well as 29 CFR 1910 and 29 CFR 1926.

4.2.4 Work sFace. _Design of FAA systems, equipment, and
facilities shall provide the following space characteristics:

a. adequate space for personnel and their tools and
equipment, and sufficient space for the movements and
actions they perform during managerial, operational, and
maintenance tasks under normal, adverse, degraded, and
emergency conditions;

b. acceptablecfersonnel accommodations including body
support and restraint, and seating;

C. adequate and safe passageways, hatches, ladders,
stairways, platforms, inclines, and other provisions for
ingress, egress, and passage under normal, adverse, and
emergency conditions; and

d. workflow productivity and effective arrangement of
workspaces, equipment, controls, and displays.

These space characteristics (a. through d.) and those in sections 6
and 9 address efficient and safe human performance. They are
based upon provisions of the Health and Safety program
prescribed in FAA Order 3900.19B, 29 CFR 1910, and 29 CFR
1926. In case conflicts are found, the specifics of the OSHA
regulations and FAA orders prevail.

4.2.5 Design for the disabled. To comply with the Americans
with Disabilities Act of 1990 (ADA) as prescribed in 28 CFR
35.104 and 36.104, as well as 29 CFR 1630.2, the acquisition
program office shall determine which operations, maintenance,
management, and support jobs associated with systems and
equipment to be acquired will be considered open to qualified
disabled persons who, with reasonable accommodation, can
perform the job. In order to comply with the ADA, the
acquisition program offices shall ensure that the selected jobs, the
effects of associated tasks, and reasonable accommodations for
the disabled are considered in the design of those new FAA
systems, equipment, and facilities. Additional rules and
explanations of ADA implications are found in sections 7.6,
8.10, 9.7, and 10.6.

Within complex systems, humans and equipment interact in a
myriad of ways to carry out the intended functions of systems
and equipment. Expectations and information about these
interactions influence design. Some of the general interactions
and effects are presented in the rules which follow.
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4 General design requirements

4.3.1 Function allocation. The design of FAA systems and
equipment shall incorporate the allocation of functions to
maintainers, operators, equipment, and to personnel-equipment
combinations to achieve:

a. required sensitivity, precision, reaction time, and safety;
b. required system reliability;
C. minimum number of personnel and minimum skills

required to manage, operate, and maintain the system; and

d. the desired system and equipment performance in a cost-
effective manner.

4.3.2 Operation and maintenance effectiveness. To ensure that
costly maintenance or redesign is avoided, the human-system
interfaces shall be designed throughout all phases of development
to optimize the efficiency and effectiveness of operation and
maintenance task performance. Systems and equipment shall be
designed so that they can be maintained in the least amount of
time, at the lowest cost, and with a minimum expenditure of
support resources.

4.3.3 Human-machine interface testing. Appropriate
consideration and incorporation of human-interface design
criteria and guidelines including those from this document
agreed to by a program office and contractors shall be
demonstrated by human factors testinfg, as contractually agreed
upon with the acquisition program office.

Discussion. FAA Order 1810.4B requires that human
factors be an element of Operational Test and Evaluation
planning and implementation.

4.3.4 Human interactions. The system design shall incorporate
interface features to accommodate interactions within maintainer
teams as well as between these team and operations teams.

4.3.5 Human physical interactions. Systems and equipment
design shall accommodate personnel from the 5th through the
95th percentile levels of the human physical characteristics that
represent the user population and the design problem.
Exceptions to this range are given in explicit rules in this
document or shall be approved by the acquisition program office
(see section 14).

4.3.6 Human-computer interaction. Design requirements for
human-computer interaction shall be evaluated in advance of
software coding (via appropriate analyses, rapid prototyping, or
simulation). Human performance shall be evaluated at
appropriate points in the system development and test processes
as approved by the acquisition program office (see also section 8,
Human-computer interfaces).
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5.1 General
goals and
principles

The FAA is developing modern solid-state communications,
navigation, weather, and surveillance systems to satisfy National
Airspace System (NAS) needs and to replace obsolete equipment.
As part of this modernization, the agency is implementing new
maintenance concepts that involve automation as well as remote
maintenance and control.

Future maintenance automation programs will integrate technical
data, on-line training, and procedural aids as well as interact with
FAA logistics systems. Links between future technological
changes in Air Traffic (AT) and Airway Facilities (AF)
maintenance modernization need to be thoroughly integrated in
order to maintain or improve the safety and availability of the
NAS.

Maintenance modernization programs will: (1) increase
centralization of management and work forces, (2) employ
remote monitoring, diagnosis, and control of facilities, (3)
provide easier access to maintenance management information,
(4) increase efficiency and flexibility of the work force, and (5)
improve safety, availability, and reliability of FAA services.

Human factors technology and applications have evolved
sufficiently to make guidelines practical in the area of
maintenance automation. The initial four subsections, 5.1 to 5.4,
begin to capture this on-going human factors experience. Since
decisions to automate require systems analytic perspectives,
subsection 5.5 addresses system engineering. The next
subsection, 5.6, addresses user-interfaces for automated
maintenance. The following three subsections, 5.7 to 5.9, address
monitoring, controlling and managing information associated
with complex remote systems. The final subsection, 5.10, treats
technical considerations associated with training and
documentation for these complex systems.

This general section begins with NAS goals that affect system
design. Human factors efforts relevant to complex systems in
aviation, power plants, and military areas are beginning to focus
upon human-centered automation, process control, as well as
upon command, control, and communications systems. These
topics provide placeholders that await more specific FAA
experience. Because topics for this section come mostly from
experiences of other agencies, this section is more tutorial than
most other sections.

Prioritized NAS goals with human factors implications for design
are followed by general principles applicable to maintenance
automation systems for the FAA.

The prioritized goals of the NAS form a basis for system
effectiveness criteria in the planning, design, development, and
evaluation of the human performance implications of automated
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maintenance systems. Such efforts may employ analytic tools,
prototyping, or simulations of the human interactions in specific
systems, or subsystems of the NAS. The relevant goals are to
ensure and increase:

a. safe NAS operations for commercial, general, and military
aviation,

b. reliability and availability of NAS facilities,

C. operational efficiency with minimal restrictions,
d. efficient and effective repair of NAS facilities, and
e. efficient use of NAS resources.

m 511 Consistency. There shall be a high degree of consistency
throughout the human-interfaces in maintenance automation
programs and subsystems. The way that these subsystems
Interact with their users shall reflect this consistency within and
between subsystems. Procedures, documentation, on-line help or
aids, and training shall illustrate this consistency.

= 51.2 Logical and explicit structure. The human-interfaces as
well as hardware and software subsystems shall reflect an
obvious logic based on human-centered task needs and
capabilities. The display, control, decision aid, and information
structure relationships with human tasks and functions shall be
clear to the users. Human-interfaces and navigation aids shall
make it easy for users to know where their operational focus is in the
data space and they shall be able to easily access needed data.

o 5.1.3 Simplicity. The human-interfaces should represent the
simplest design consistent with functions and tasks of the users of
the operational and maintenance subsystems. Simplicity for the
user 1s achieved by attaining compatibility between the design
and characteristics of users. Important user characteristics
include human perceptual, physical, cognitive, situation
awareness, and dynamic motor responsiveness capabilities.
Design, including interface design, as well as human purposes
dictate the human tasks. Human interfaces include control and
display relationships, information structures, information
communication, and feedback.

o 5.1.4 Situation awareness. Information presented to the user
should accurately reflect system and environment status in a
manner so that the user rapidly recognizes, easily understands,
and easily projects system outcomes in relation to system and
user goals. For example, the designer may consider displays that
provide direct perception or status-at-a-glance.

Discussion. Situation awareness, as a concept, is a goal-
oriented and experience-based moderator of human
perceptual and cognitive assessments which influences
decision making and actions in a complex systems
environment. The concept has implication for the
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5.2 Human-
centered
automation

integration of display information to assist users in
maintaining awareness of dynamic systems.

5.1.5 Task compatibilities. Automated maintenance subsystems
should help the users accomplish their system functions and
tasks. Information and data should be presented in easy-to-use
intuitive formats and control capabilities should account for the
range of safe actions.

Discussion. Tasks include those associated with
command and control functions as well as with processes
that cover normal, degraded, back-up, and emergency
operational modes. Inspection, maintenance, and repair
functions are pertinent. System users need to be able to
access confirmatory or raw data as well as integrated
display information.

5.1.6 Human roles and workload. Human roles should consist
of purposeful tasks with a level of workload that is not high
enough to ne?atively affect performance, but sufficient to
maintain vigilance. The system operating mechanics should
minimize mental calculations or transformations and the use of
recall memory (such as lengthy lists, long complex command
strings, and Ien?thy action sequences). The system should
require minimal inputs without redundant data inputs. System
interfaces should be consistent with the expectations and
understandings of appropriately trained personnel.

Designers and human factors specialists are guided by concepts
and principles of human-centered automation that are emerging
from the aviation and nuclear control industries. The most
important consequence of automation is its effect upon the role of
human components in the operational system. Automation
changes cognitive tasks and decisions and may necessitate
different kinds of information and actions.

Human-centered automation concepts require designers to
recognize that all subsystems, even automated ones, are tools to
aid and enable human +individuals or teams to carry out their
operational intentions. The teams’actions and those of other
subsystems are evaluated in terms of how they carry out human
intentions in system operations.

Definitions. Automation is the operation or control of a
process, equipment, or subsystem without external
Influence -- self-regulation. Automatic processes, for the
most part, lack human capabilities of volition, intention,
or conscious planning and are involuntary or reflexive.
Flight stability and automatic piloting subsystems are
examples of automation applications. Innovative
"artificial intelligence components” may somewhat aid
human capabilities. The principles of human-centered
automation in this section need to prevail in artificial
intelligence design and use.
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Human-centered automation is automation designed to
work cooperatively with humans in pursuit of stated
objectives. It may facilitate human attention and effort.
Automation can be regarded as another resource to be
used by those humans who are responsible for and who
direct the system and its components. Human-centered
automation is applied in complex systems in a manner that
integrates the automatic subsystems with the human, their
interfaces, and performance capabilities.

o 521 Role of Automation. Automation should make the
hardware and software system components efficient and effective
support or "team players" for the human-system team. To be
"team players," automated subsystems should:

a. be subservient rather than authoritative or autonomous in
their role. (The human is ultimately responsible, thus
human components need tools with accessible and
practical interfaces to carry out their intentions for their
system.)

Discussion. Automation that is authoritative,
autonomous, and silent (that is, automation that does its
own thing, doesn’t communicate its intentions, and lacks
feedback) is problematic especially when it is
misunderstood, when it malfunctions, or if it cannot
respond to human intentions.

b. include constant and effective feedback to other system
components (especially, to knowledgeable and
responsible decision-makers, proactive monitors,
controllers, and maintainers).

. be directable, eas?]/ to understand, and to easy to use as a
system resource that enables humans to carry out their
intentions for the system.

= 5.2.2 Human responsibilities. Human responsibilities and
associated command authority shall be stated explicitly for new
or modified systems. Human-centered automation exists to help
humans carry out their responsibilities. Since automation is not
infallible, it shall not subvert the exercise of these
responsibilities. Human responsibilities include detecting
failures, correcting the manifestations of failures, and continuing
safe operations until they restore the system.

= 523 Responsible humans need to be involved and informed.
The system shall be designed so that users who have command,
control, decision-making, diagnostic, and repair responsibilities
are involved and informed consistent with their responsibilities.

Discussion. Automation assists humans by providing
needed status, feedback, and control capabilities. This
information enables those with the responsibilities,
individually and as a team, to understand the state of the
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system and its failures, and to continue operations in
normal or degraded modes.

5.2.4 Involvement through meaningful tasks. Responsible
humans shall be given purposeful, meaningful and relevant tasks
so they remain aware of system status and operation.

Examples. Possible meaningful tasks can have humans
enter data about their intentions and then have the system
compare them with its information, Alternatively, it may be
meaningful to require humans to confirm the
automation’ intentions.

In the aviation flight control area, critical flight data can
be obtained from an aircraft performance data base in the
Flight Management System. This data could be entered
automatically for flight control. But since the responsible
flight crew needs to be aware of what data are being used,
the system can either require them to enter the data and
compare their entries with the automated selection or can
have the crew confirm the data before it is used.

To#'ust have the crew confirm the data before its use may
be fast but may result in unwarranted consent by a
trusting crew.

Management by proactive cross checking or by consent
may be more meaningful than management by exception.
Humans need to know and confirm mutual intentions in
advance. They may detect exceptions too late or not at
all. If the intentions of automated actions are not known,
the human may prematurely and unnecessarily override
the automation subsystem.

5.2.5 Simple subsystem performing human-like tasks.
Automated subsystems should be simple to understand and should
perform tasks as humans would expect. Task failures should be
obvious. If automated control actions are performed, the
automated tasks should be easily understood by responsible
humans and be similar to human control actions.

5.2.6 Predictable automated subsystems. Automated
subsystems shall be predictable so that the intent of the subsystem
is known and aberrant behavior is recognized, detected and
displayed to the human.

Discussion. Responsible humans will rely upon reliable
automation. Meaningful human tasks which check the
intentions, inputs, processes, or outputs of the automation
may be necessary to insure that human involvement is
sufficient. Otherwise automation outcomes will be
accepted without questioning and critical errors and poor
decisions may not be recognized or acted upon
appropriately.
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= 527 Monitoring automated subsystems. The system shall be
designed so that responsible humans are able to monitor the
automated subsystems and the functionality of its hardware and
software. Status and trend information may be necessary. Too
much information may become cluttered and interfere with status,
decision making, or control.

o 5.2.8 Monitoring humans. If circumstances necessitate,
automated subsystems should be able to monitor interacting
human actions and to warn of human errors. To do so,
automated subs%stems may need to be able receive input
information on human intentions.

Discussion. In complex systems, humans monitor each
others behavior by knowledge of intents or by questioning
intents. Interrelated components of a system may need to
ascertain the intent of other subsystems so intentions can
be compared with expectations.

= 529 Automate only with good reason. The decision to
automate functions shall answer a question as to whether the
human involvements, situation awareness, or human performance
in carrying out responsibilities are improved or not. Automation
shall help or enable the humans to accomplish the system’s
mission safely, efficiently, and effectively. Choosing automation
because it is technically feasible is not a sufficient reason.

m 5210 Cost effectiveness of automation. The benefits and costs
of possible automation shall be considered and evaluated in the
context of the specific system concept. Almost any activity
(including human activities) could potentially be automated. The
means, cost, and consequences (including those affecting human
roles) shall be considered. Related system and human
considerations for cost effectiveness follow:

a. long term system operations, maintenance, and personnel
performance with associated costs,

b. degraded, emergency, and back-up modes, capabilities,
and system effectiveness.

c. the costs and consequences (include training) of
monitoring, maintaining, and updating the automation
subsystems themselves, and

d. the operational and environmental uncertainties and
expectations that could demand human analytic, decision
making, and control skills.

= 5211 Analysis and evaluation of human functions. The
Blanned allocation of functions to automation or to humans shall
e carefully analyzed and evaluated in the context of the specific
complex system application. Rapid prototyping and even early
concept simulation can assist in these analyses and tests.
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Discussion. Human capabilities and skills in
communications, planning, problem recognition, problem
solving, conceiving strate%ies, memory capabilities,
pattern recognition, hypothesis formulation and testing,
diagnosis, and analyses of unexpected events may not lend
themselves to automation for certain normal, back-up, or
emergency functions.

5.2.12 User acceptability and performance effectiveness. The
human roles, responsibilities, tasks, and interfaces that relate to
automation decisions should be evaluated for user acceptability
and performance effectiveness in advance of commitments to
concepts or detailed design.

Discussion. Based upon the stage of development, user
acceptance and performance can be addressed analytically,
through collection of expert data, by advanced interface
prototyping, or through system simulations. If
performance and acceptability data differ, performance
metrics may outweigh acceptability ratings. Where there
is consistency in the user acceptance data, the underlying
issues the warrant attention.

5.2.13 Backup for automation. Designers shall ensure that the
necessary functions can be performed by alternative means when
the automation fails. Provisions shall be made, so that when
automated subsystems fail, humans can sense failures and can
perform the associated functions in back up or emergency modes.

5.2.14 Automated control actions, announcements, and
alternatives. Responsible humans shall be informed of automatic
control action to out-of-tolerance conditions or to failures within
the system. If alternative human decisions and choices are
possible, the responsible humans shall be informed of the
situation. When response time permits, the design shall consider
permitting a confirmation or override, before automatic control
takes action.

Discussion. If automatic timing is critical or if the
consequences of the action are not critical because
automated backuB or redundant subsystems are present,
then the responsible human may be informed of the
situation, failure, and action status immediately after the
implementation of the action.

5.2.15 Failure of control automation. Control automation itself
shall never fail silentlg or passively. Failure of automation
control shall be unambiguously announced, so that responsible
humans can take charge of the needed actions. Override and
backup control alternatives shall be available for automation
controls whose failure are critical to the integrity of the systems
or when lives dependent on the system. Information for back-up or
emergency control capability shall be readily accessible.

5.2.16 Workload consideration. Control automation should be
considered as a possible design option when workloads of
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responsible humans warrant. Automation would assist during
particularly busy and critical periods (for example, consider
periods associated with back up responsibilities during wide area
power losses, weather disasters, or contingency operations).

o 5.2.17 Human error resistance and error tolerance. Control
automation should be error resistant and error tolerant. Displays
should be clear and responses to commands unambiguous. Safety
hazard analyses and software testing should be used to reveal
potential errors. Potential errors should be designed out. If a
responsible operator might need to operate in out-of-tolerance
conditions, then an error tolerant choice should be possible as a
deliberate overriding action. In such cases, the operator should be
informed of the status and warned of the condition.

Discussion. Use hazard instructions and warning of
potential consequences when operational alternatives
could be hazardous. Electronic check lists can help make
the system error resistant.

= 5218 Comprehensible automation. Automated subsystems and
associated integrated information displays shall be made
comprehensible to responsible humans. Interactions and
incompatibilities among automated modes of operation and with
operational intentions are especially important and can result in
memory burdens on the operator. Special considerations are
necessary when control, display, or automation functions change
in different modes of operation:

a. Mode and function identifications and status need to be
clear and unambiguous to avoid confusion.

b. When certain modes and functions are seldom used, the
memory burdens may be considerable. Identification
information related to specific modes and alternatives may
be necessary.

C. Critical periods and high workload conditions may
necessitate mode and function information, decision
aiding, and training considerations.

d. Modes, their functions, and their interactions need to be
made error resistant.

o 5219 Display integration. Where display elements can be
meaningfully integrated, that is combined into a more useful
big?er picture, display integration should be considered and
evaluated. The resulting displays should enhance status

interpretation, decision making, situation awareness, or other

aspects of task performance. Integrated displays should be
simple and intuitive.

Discussion. Merely adding compiling information

elements to a single or group of displays may cause
S|Ign|f|cant information to be missed in the resulting
clutter.
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o 5220 Information automation for situation awareness. A
primary objective of information automation is to maintain and
enhance human situation awareness. All displays should
contribute to this objective (see also paragraph 5.1.4).

o 5.2.21 Human responsibility for automated decision aids. If
decisions are automated or aided, the system, itsuser
documentation, and its associated training should clearly indicate
the human responsibilities.

o 5222 Knowledge-based aids. Knowledge-based subsystem aids
should:

a. be capable of planning a strategy to address a problem or
guide a complex process,

b. be consistent with cognitive strategies and expectations
(mental models) associated with the users,

C. not require on-going user tasks to be cancelled,

d. minimize query of the users for information,

e. accept directions from the users when alternative problem
solving strategies are available,

f. be able to explain its rules, knowledge-basis, and
solutions to the user at any time during their transactions
(the level of explanation detail is to be under user
control),

g. alert the user if a problem or situation is beyond its
capability, if new critical information becomes available,
or if additional information is needed,

h. permit rapid retrieval of user exchanges and hard copy
print outs of rules, facts, data consulted, hypotheses
tested, and summary information,

I. be flexible in the types and sequencing of user inputs,

J. estimate and indicate the certainty of analysis and provide
the rationale for the estimate, and

K. highlight for human monitors the changes in system status
due to the use of the knowledge-based system.

5.3 Process Process control lessons can be helpful in the area of complex

control lessons

maintenance automation. Process control concepts derived from
industries in which control of manufacturing production or
processing operations is especially complex, tor example, gas,
petroleum, electrical, and nuclear energy industries.

Where process control is applicable, certain processing variables are
automatically controlled around settings that may be under
human supervisory control. The supervisory controllers: (1) set
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goals to regulate or fine tune the process and to keep it operating
toward the system’ production and safety objectives, (2) monitor
subsystem and variable status, (3) detect failures, (4)

diagnose and correct failures, malfunctions, or errors, and (5)
take corrective control actions to maintain system objectives.

Definition. Supervisory control concepts were derived
by Sheridan from an analogy with the interaction between
a human supervisor and an intelligent staff. In
supervisory control systems, one or more human
operators set, adjust, monitor, and interpret information
from computers that control tasks in external processing
systems. Feedback from sensors in the dynamic processes
may be integrated and displayed for monitoring and
"intelligent" interpretation by human or computer
decision making. Human interactions involve learning,
planning, teaching (programming), monitoring, detecting
problems, diagnosing problems, and intervening with
control actions for operations and maintenance purposes.

Supervisor control offers some research insight into system
complexity and help place the potential for artificial intelligence,
expert knowledge-based subsystems, and decision support
subsystems into the context of complex systems.

o 5.3.1 Automated subsystems as integrated ""team players."
Any automated subsystems in complex process control systems
should assist humans in carrying out their responsibilities and
tasks efficiently and safely (see also paragraph 5.2.1).

o 5.3.2 User information. System engineers, designers, and
human factors specialists should acquire first hand knowledge of
the potential users, their necessary responsibilities, potential
functions, and tasks in order to identify where supervisory
control support for humans may help.

= 533 System analyses of complex supervisory control systems.
System engineers, designers, and human factors specialists shall
analyze complex processing systems and their potential normal,
degraded, and emergency functions and modes of operation.
When warranted, these analyses shall address:

a. human control responsibilities,

b. compatibility with the maintenance and manpower
concepts,

C. potential application of supervisory control concepts,

d. failure modes and human-centered effects,

e. human tasks with an emphasis upon the cognitive aspects

of the tasks, including planning, situation awareness,
problem solving, memory resources, learning, decision
making, and
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f. the need for artificial intelligence aids (such as
knowledge-based aids) or for decision sup?ort systems.
§Current|y such aids do not exist in general off-the-shelf

orms and would need to be developed as system specific
Research, Engineering, and Development projects.g

5.3.4 Reliability, failure mode, error, and risk analyses. Early
in the concept development of complex processing systems,
systems engineers and other developers should consider human
reliability, failure, and risk analyses. Such analyses should treat
humans as major components, consider human interfaces as
contributing elements, and treat human performance. Analytic
capabilities have been emerging in research and applications
projects in avionics, automated test equipment development,
aviation safety, and nuclear developments and operations. The
analyses should be assessed for applicability and cost benefits to
specific system issues. For instance, programs involving
maintenance automation and remote maintenance control may
benefit from human-centered failure mode and effects analyses.

Discussion. When these analysis methods are determined
to be applicable, they should point to areas where human
interfaces and interactions need design attention and
where design enhancements could alleviate human errors
and associated risks. Design functions and human tasks
can be used to compare previous or alternative systems to
subsystems being acquired. Analyses may exercise
critical modes of operation and compare design
alternatives in trade-off studies.

Human error contributions may exceed machine failures
especially when a system is operating in degraded modes.
Reliability block diagrams, event and fault tree analyses,
failure mode and effects analyses, and human probablistic
risk assessment can treat human and system actions in
terms of events, subsystems, functions, tasks, or subtasks.
Human error data associated with reliability and
probablistic risk assessment can be determined from
current system data, comparable data from other systems,
and, if necessary, from expert judgements.

Human reliability (error) analysis is not yet an exact
science. Laboratory data may not represent real world
experience and thus validity for exacting results may be
questioned. Nevertheless, the insights gained from the
analysis processes and comparisons that they permit may
warrant their serious consideration. Human errors are
complex and variable in their effects. Their treatment in
reliability and risk analyses can be valuable.

Explanation. Human errors can be determined in
relationship to expected purposeful and safe system
functioning. Risk is equal to the probability of an event
times the consequences. Consequences can be expressed
in dollar costs or in other terms of value. Uncertainty or
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unreliability of components (including the human
components) contribute to the concept of risk.

= 535 Human mode errors. In some complex systems, control
or display functions may change based upon operator input of a
mode change or upon an automatic change of system status.
When such multi-function dynamics are used, designers shall
emphasize announcements and titles of mode status as well as the
labeling of mode specific meanings of functions. Error resistant
design considerations are necessary.

Discussion. Most computer users experience mode errors
when typeover and insert modes go unrecognized and the
meaning of certain keys change during inputs. Human
mode errors of commission or omission are attributed to a
lack of awareness of the current operating mode situation.
Commission errors result from confusion among mode
operations. Omission errors may be due to a lack of
operator involvement in automatic system mode changes.
In the FAA environment, mode errors could occur when a
back-up system automatically takes over a service and the
0ﬁerator does not notice or continues to operate as if the
change had not been made.

o 5.3.6 User understanding of automated functions. Designers
should draw upon and accommodate the user’s understanding of
functions being automated in interface design, diagnostics design,
and user documentation.

Discussion. In some industrial plant environments,
supervisory control is driven by a set of procedures
established by policy. As a result, operators could have
limited understandings of the system.

Inadequate or erroneous understanding of the complex
system and automated functions can lead to problems of
user distrust or disuse of the automation or to difficulties
in problem diagnosis, status assessment, or maintenance
and operational control.

Note. Human factors researchers hP/pothesize that experts
develop internal cognitive "mental models™ of systems,
processes, components, and variable relationships that
may serve them well in operational problem solving.

Mental models are founded upon individuals’ experiences
and upon common insights across people. This concept
has potential value for the design of comdplex systems. A
research issue is how to capture, create, design for, and
train for adequate "mental models.” For example, a
design use would be to represent the mental models of
experts or expected users graphically. Then status could
be displayed and control capabilities appropriately located
in the graphical representations.
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5.4 Command,
control, and
communications

5.3.7 Advanced design considerations. If costs and benefits are
justified, several advanced design areas should be selectively
explored for application to complex processing system
developments. These areas include:

a. evaluate potential human interfaces by rapid prototyping,
analytic, or modeling approaches,

b. consider integrated display formats that show relationships
among variables §past, current, or predicted in the future)
to enhance the effectiveness of control and goal setting
actions, and

C. explore the use of off-line system modeling which permits
"what if" inquiries that could help in system diagnosis
and control.

FAA maintenance automation programs such as those associated
with the NAS Infrastructure Management System (NIMS) have
many elements that are analogous to command, control, and
communications (C°) systems. Considerable mllltary research
and analyses address C* systems. A o system attends to the
integrity of its own resources and to the integrity of the facilities
and resources it controls.

When system engineers, human factors specialists, and designers
attend to C* aspects of the NAS, they analyze the system’s
information sensing, information flow decision-making, resource
control, and feedback mechanisms. To design the C system
as%ectsi the designers need to focus upon the human components
and roles.

Discussion. For operational C* systems, centralized and
distributed command personnel make decisions about
system changes based on planning and events affecting the
controlled elements. Appropriate "control™ of remote
information sensor resources and timely communications
enable the "command" elements to activate alternative
capabilities and to place the mobile resources at the right
places at the right times. Communications capabilities
make proactive control of the system feasible.

5.4.1 Human groups affect C? architecture. From both
operations and maintenance viewpoints, new or updated C*
systems need to accommodate those organizations of personnel
that act with common and complementary knowledge, skills, and
training. System engineers and design personnel shall take into
account the characteristics and any changes in these groups of
human resources in designing the system.

Discussion. The design of the C* system needs to be
compatible with the capabilities and functions of the
human resource groups. These human components
provide the intelligence, initiative, action, and dynamics
required for the system to accomplish its mission.
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Two aspects of the communications subsystem shall be
monitored:

a. the normal and backup communications structures
underlying the FAA functions of remote
monitoring, diagnostics, and maintenance control
as well as the resources and functions for on-site
repair, and

b. the normal and backup communications structure
underlying air traffic control operations as well as
the AF resources needed to repair this AT
equipment.

m  5.4.2 Deliberate changes in human roles, functions, and tasks.
If changes are necessary in human roles, functions, and
capabilities, these changes in the new or updated system shall be
deliberate objectives of the new system’s design rather than
fallout consequences of the design.

Discussion. Changes in C* systems usually require
transition phases and extensive training for the human
components.

o 5.4.3 Models of C3 systems. When cost benefits warrant, system
engineers, human factors specialists, and designers shoul
consider developing models of maintenance automation
improvements as C” systems. These models can be analytic,
computer-based simulations, or human-in-the-loop simulations.
They can assist with architecture, human-interface, component
interrelationship, and other design issues. If human-subsystems
are integral to safety, acceptability, or system effectiveness,
human activities should be central to the models.

Discussion. C* system analyses and models, like the
systems themselves, are potentially complex and
exBensive. Their developmental costs and benefits need
to be accessed. They may pay for themselves many times
over in terms of user involvement, acceptance, and
effective safe human-system performance. To the degree
that human-centered design and interface considerations
can lead the conceptual design, these considerations can
be cost effective in avoiding system failures, rejections, or
modifications during test or operations. The insights
gained from the process of constructing the models as
well as the insights gained by running mission scenarios
or"what if" questions can warrant the cost and effort.
Models can be used to compare the old and new systems
and to trade-off design alternatives within a system.

The actual modeling techniques used depend upon specific system
and user context as well as issues to be addressed. Areas that
can be addressed are:

a. system responsiveness and effectiveness,
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b. information flow, work flow, and processing
effectiveness,

C. human resource impacts on architecture and effectiveness,

d. interactions among subsystems (including human
subsystems),

e. interactions with external systems (including their human
subsystems),

f. normal, degraded, and emergency mode effectiveness,

g. changes in components and processes,

h. human task, and human interface effects, and

. maintenance concepts and strategy effects.

Definition. Design provisions which enable human
interactions with other components within the operational
system and with interacting systems qlor example,
logistics systems%. Interfaces enable human-human
interactions and human-hardware and -software
interactions. (Human interactions and interfaces need to
influence the organization of the system and the
information that the operational system handles.)

5.4.4 Modes of operation. Communications subsystem status
information for maintenance support and AT operations shall be
displayed for normal, backup, degraded, or emergency
operations.

5.4.5 Communications status displays. When warranted by
system complexity, communications status displays should
incorporate graphical representations that integrate the status,
flow, and coverage information most needed by monitoring and
controlling personnel. The displays should be based upon the task
demands upon the users and the information needed.

Examgles. The following are examples of features that
might be considered for display:

a. continuously operative communications system
status displays that can show options for normal,
degraded, backup, and emergency operations,

b. communications routing status that show displays
where failures have caused automatic switching to
backup capabilities, or where manual or automatic
rerouting is in effect,

. alerting and alarm indications as to the location of
the problem communications equipment and the
nature of the problem,
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failure of components that are transparent to users,
for example, encryption devices and telemetry
subsystems,

periodic manual or automated communications
checking results, and

supportive historical and diagnostic information
available for specific facilities.

5.4.6 Communications system control. Communications system
control capabilities should be provided directly to those
personnel who are using or monitoring components of this
subsystem for communication flow or maintenance.

Examples. The following control features are examples
to be considered:

a.

C.

provisions for notifying all or selected NAS
personnel when control actions that change the
systems status are necessary,

aided or automated transmission provisions when
notifications of control actions or system status are
numerous, and

provisions for acknowledging messages.

5.4.7 Communications alternatives. Control capability for
alternative communications shall be easily accessed and readily
available to monitoring personnel.

Examples. By way of example, other features to be
considered are:

a.

communications alternatives and prioritized
preplanned choices need to be effectively presented
to the person monitoring the communications
system,

readily available control capabilities to enact
flexible solutions to communications problems that
aredthe unique result of human problem solving,
an

capability to automatically log communications
control actions.

5.4.8 Human interfaces with backup or rerouted
communications. When alternatives to the normal operating
communications system are necessary, the human interfaces with the
alternative systems and with interfacing automated

subsystems shall be designed so that they do not become
bottlenecks in continuing operations.
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5.5 System
engineering

It is vital that early requirements and system engineering efforts
associated with the NAS and its subsystems address the human
factors implications of maintenance automation. Decisions to
automate require system analytic considerations of the human
subsystem and its interfaces.

Discussion. The terms "system" and "subsystem™ may
be interchanged depending on the entity which is the focus
of attention. In system theory, where interrelationships
are important, almost any system is a subset or subsystem
of a larger entity or system. In this context, human roles,
responsibilities, functions, tasks, and performance
appreciably influence the effectiveness of the system.

Human factors can not be effective if treated as an "ility."” The
term "ility" refers to analytic efforts that require rather complete
design information to complete the analyses such as reliability,
maintainability, and availability. Human factors efforts involve
design creation and design integration rather than just evaluation
of relatively complete design concepts or products. Human
factors is integral to system engineering activities involving
concept development, prototyping, and trade-offs, as well as
de5|fgn engineering activities such as detailed design, testing, and
configuration control.

5.5.1 Human factors in system engineering. Human factors
efforts associated with system requirements and system
engineering shall address: (1) the potential human roles, (2) new
technology interactions with human components, (3) human-
interface alternatives, and (4) human performance contributions
to system concepts, design, and effectiveness.

5.5.2 Explicit human subsystem differences. The differences
between the human contributions to the current system and those
associated with the new acquisition or modification program shall
be made explicit in terms of how these differences are to impact
design and human roles, responsibilities, performance, and
interfaces.

5.5.3 Prototyping for critical human factors issues. If human
factors issues are critical to safety, availability, or the
effectiveness of the new system or subsystem, then early
prototyping of the human-interfaces and interface acceptability
testing shall be accomplished prior to major concept and design
commitments. When possible, such prototypes for COTS and
NDI components or subsystems shall be evaluated in advance of
full commitment to an "off the shelf" subsystem procurement.

5.5.4 Configuration control of the human subsystem. Human
components and human interfaces shall be subject to
configuration management and control throughout the
development process.

5.5.5 Cognitive aspects of tasks. Human factors specialists shall
attend to the cognitive aspects of users’ operational, maintenance,
and support tasks.
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o 55,6 System effectiveness models. When cost benefits warrant,
human components and activities at either the function or task
level should be included in models thag estimate system
effectiveness or performance (see also C° modeling in paragraph

5.4.3).
56 Human Human interfaces in complex systems associated with _
- f f maintenance automation programs are treated in general terms in
mte_r aces 1or this section. More specific details can be found in other sections
maintenance of this guide, as follows:
automation a. Section 6, Designing equipment for maintenance,
addresses human factors design characteristics of
equipment that requires hands-on maintenance at the
facility or in a maintenance shop.

b. Section 7, Human-equipment interfaces, addresses general
control and display characteristics.

c. Section 8, Human-computer interfaces, addresses both
media and message aspects of computer-driven processing
subsystem.

Discussion. Media refers to hardware and message refers
to information carried in software and presented, for the
most part, through screen displays.

d. Section 9, Workplace design, addresses console design

and Visual Display Terminals.

= 56.1 Human team interactions. System designers and human
factors specialists shall determine the necessary human-human
interactions and facilitate them through:

a. design provisions associated with communications links
and with the layout and design of control centers, work
centers, and facilities,

b. provisions that facilitate management control, team
problem solving, and expert consultation interactions for
all modes of operations, and

C. voice communications provisions for remotely located
team members, at least, as a backup to electronic message
capabilities.

o 5.6.2 Avoiding disciplinary impacts on human interface
design. Technical design or programming personnel should not
confound the users’ understanding of the system or human
interfaces by designing interfaces from their individual
disciplinary perspectives. Designers and human factors
specialists should alleviate such confounding by attending to:

a. the users’ cognitive processes, strategies, and tasks,

b. systematic user inputs and evaluations in interface design,
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5.7 Monitoring

C. rapid prototyping and evaluation of user-interfaces,

human roles, functions, responsibilities, and tasks,
d. simulation of human-interfaces, if cost effective, and
e. users’ understanding, perspectives, and language.

5.6.3 Early interface design for usabilgy and acceptabilitﬁ.
Based upon system complexity and cost effectiveness analyses but
ﬁrior to software coding or other design commitments that impact
uman interfaces, designers shall create effective human
interfaces through storyboarding, rapid prototyping, or
simulations of proposed or alternative designs. User groups shall
make systematic inputs to these design activities. User
evaluations of interface acceptability shall be conducted.

5.6.4 Integrated displays and graphical representations.
When task complexity reguires them, status monitoring and
diagnostic displays should employ information integration and
graphical representations to enhance human performance. The
displayed information interrelationships and representations
should be compatible with the cognitive aspects of users’ tasks
(see paragraph 5.2.19).

Discussion. Advanced (ft;raphics capabilities permit
innovative integration of relationships into three-
dimensional presentations and allow for presentations of
dynamic changes or trends. There are important shifts
occurring in presentation of information with higher levels
of automation.

Monitoring functions enable FAA managers, operators, and
maintainers to compare system and subsystem status against their
expectations for various modes of system operation and against
ongoing and planned activities. Monitoring capabilities need to
cover:

a. the remote monitoring system itself, and
b. the facilities and resources being controlled.

5.7.1 Monitoring the remote monitoring and remote sensor
components. The remote monitoring subsystems and associated
remote sensors shall be monitored and shall include a test
capability at the sensors or "up the line" from the sensor, if
applicable. The human interfaces for these components shall be
consistent and compatible with other subsystem monitoring
capabilities.

5.7.2 Graphical displays for monitoring system and subsystem
status. Designers and human factors specialists should consider
status displays that graphically represent the system or
subsystems of interest and that show their components, functional
relationships, and their operational status. If the monitoring tasks
require planning information, then forecast activities an
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"actions-in-progress” should be integrated with status
information. Lists of exceptions or problems may not provide
the interrelationship and consequence information needed as
simply as a graphic representation can. Graphical representation
may be used to supplement such lists with relationship
information (see also paragraph 5.4.5).

= 57.3 Updating frequency. Subsystem and component status
shall be updated with a frequency that is compatible with those
system demands associated with event detection, control,
maintenance diagnosis, and repair decisions. Monitoring
personnel shall be informed of the update frequencies for the
various subsystems and components.

o 5.7.4 Accessibility of status information. Monitoring tasks
should call for constant and simultaneous access to status
information for one or more subsystems. Designers should
consider the task demands in normal, degraded, and emergency
modes of operation. When necessary, they should provide for
constant or simultaneous presentation of status information.

o 575 Dedicated display. When necessary for the monitoring or
controlling tasks in any mode of operation, a dedicated display of
status information should be considered to ensure information
availability.

Discussion. Where a single display is being used in a
multifunctional display mode, status information could be
continuously, presented in a dedicated window. A second
display or a large scale display can be used if one or more
users need continuous access to the status information.
The mechanics of navigating through application
programs to find and to present data can interfere with the
tasks associated with data use. Dedicated displays can
take advantage of position coding for the location of
necessary information.

= 57.6 Control of the monitoring subsystem. Users shall be able
to set up and control the monitoring subsystem so that the
following categories of information can be easily accessed:

a. system or subsystems requiring continuous or
simultaneous status monitoring,

b. systems or subsystems requiring periodic, intermittent or
on-call monitoring,

C. status of the remote maintenance technician groups,

d. detailed status and diagnostic information for systems,

subsystems, equipment, or components requiring
attention, and

e. settings of alert and alarm ranges and points.
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5.7.7 ldentification of changes, degradations, and failures.
Design personnel shall determine critical parameters for
monitoring or diagnostic inquiry based upon appropriate analyses
(such as functional, failure mode, risk, system effectiveness,
maintainability, reliability, and maintenance task analyses).
Human factors professionals shall systematically obtain and
incorporate user inputs into the identification of changes,
degradations, and failures.

5.7.8 Information presentation and task compatibility. The
status, change, degradation, and failure information that is
presented should be compatible with the situation awareness,
problem identification, system or subsystem level diagnostics,
decision making, and remote control, command, and
communication task needs of responsible personnel.

5.7.9 Presentation of status and diagnostic information. If
certain subsystems or any components are automatically
monitored, analogous to supervisory process control, the
following presentation features should be considered:

a. When status and diagnostic complexity warrants, graphic
representations of the components and functions of
interest are preferable.

b. Failures, changes, trends, or other sensed information
about parameters can be overlaid onto the status
representations to help the user see the effects within the
bigger picture.

. When appropriate and feasible, supplement status and
diagnostic information with guidance indicating the
actions that can be taken.

d. If text or other alphanumeric information is to be
presented, use clear and concise plain English. Refrain
from using acronyms, abbreviations, and other codings
that require memorization and are subject to confusion.

e. Present indications of critical out-of-tolerance conditions
or trends toward out-of-tolerance conditions as visual and
audio alerts or alarms.

Definitions. The following definitions were employed in
the Remote Monitoring Subsystems (RMS) requirements.
An alert indicates that a condition has been detected in
which a sensor of derived parameter has exceeded its ideal
operating range but has not exceeded its acceptable
operating range. An alert is an indication of a potential or
impending alarm condition; however, in most cases
service has not been affected. An alarm indicates that a
condition has been detected in which a sensor or derived
parameter is out of the acceptable o eratin? range. An
alarm is the most severe category of RMS fault that
generally requires remedial action to correct the condition
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and clear the alarm (See more general explanation with
paragraph 5.7.10).

o 57.10 Alert and alarm characteristics. Alert and alarm
features (including any applicable automated aiding) associated
with complex FAA systems should:

a.

ensure that the operator’s attention is directed by an alarm to
the fact that a service, facility, system, subsystem,
process, or equipment has failed or is operating in an out-
of-tolerance condition,

inform the operator of the priority and nature of an
deviation; four levels of priority (or preferably less) will
help prevent excess operator attention from being diverted
to the prioritization process,

guide the operator’s initial responses,

be able to confirm in a timely manner that the operator’s
action corrected the deviation,

be as simple and unambiguous as possible; aiding should
be not be so complex that the operator can not understand
and verify its rationale and processes,

if applicable, employ trend information to alert
responsible humans of pending problems and to increase
their confidence in the alarm system, and

if response time will permit, provide quick means for
operators to evaluate the validity of alarm signals (people
often attempt validation as a first step for significant or
low probability alarms).

Explanation. Most new FAA systems, subsystems, and
equipment are assigned performance parameters that are
generally optimal from a systems engineering perspective.
Each parameter has an initial standard value and operating
tolerance limit or range for maintenance and certification
purposes. These quality control requirements are often
used as alert tolerances. Exceeding alert tolerances
usually means that a more serious failure is being
approached, maintenance may become necessary. Alerts
are sometimes called "soft alarms.” Monitoring or alarm
limits indicate a failure or dangerous condition for
continued equipment operation or for personnel in the
system has occurred. In AF operations, alerts and alarms
require decisions and actions to maintain the NAS and
continue its services. Operational parameters and
tolerances ranges, alert levels, and alarm levels may be
reset based upon operational experience.

Note. Alert status is not to be confused with a notice that
a maintenance technician has local control of either a
facility, system, or equipment. Such a notice is not an
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alert but merely reflects that remote control of the facility,
system, or equipment is restricted. If a technician takes
equipment off line or operates it out of tolerance, the
appropriate alert and alarm conditions will be sensed
unless they have been suppressed or disabled.

5.7.11 False alarm rate. A tolerable false alarm rate shall be
established for each operational environment. If feasible, this
rate shall be subject to contractor warranty and shall be
minimized at near zero or a very low level.

Discussion. Frequent, intermittent, or critical false
alarms can defeat the purpose of the indication because
monitor personnel will quickly lose confidence in the
alarm capability. As false alarms become irritants, the
monitoring personnel could inappropriately turn them off
or ignore them.

5.7.12 Alarm processing and aiding. When necessary and
practical, alarm processing and aiding should be selectively
considered to:

a. indicate those critical alarms that require the most
immediate operator intervention under high alarm volume
situations,

b. support user detection, understanding, or action capability

through screening of spurious alarms, time filtering,
delays formomentary out-of-tolerance conditions, or
sensor failures,

C. help the user with diagnosis by displaying the first-out
alarm and subsequent alarm sequences,

d. ensure that operational mode or system configuration
restrains alarms that are inapplicable to the current mode
or configuration,

e. employ logical consequence processing when a single
event Invariably leads to subsequent alarms, then the
subsequent alarms may be suppressed,

f. enable the operator to easily access suppressed alarms and
their associated input information such as sensor
parameter values, tolerance information, and problems
with the sensor system, and

g. provide alterative interpretations of explicit alarm patterns
and notification of unexpected patterns.

Discussion. Filtered alarms are by design not made
available to operators and thus must have no operational
significance to monitoring or diagnosis, decision making,
or response action. Alarms that have been suppressed by
maintenance personnel data by definition and design can
be retrieved upon proper inquiry.
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o 5.7.13 Alarm and alert displays. Alert and alarm information
displays should:

a. clearly support the operators capability to rapidly discern
new alerts, alarms, and (if provided) their priorities, to
acknowledge, verify and clear them, and to access
associated information,

b. be conspicuously and appropriately labeled and titled,

C. be consistently presented in the same physical location
and format and close to related control capabilities,

d. provide information about primary responsibility for the
alarm acknowledgement and action, e?femally when
alarm information is widely distributed,

e. be accessible from more than one visual display terminal,
if presented through visual displays,

f. provide source information, parameter values, and
tolerance limits or ranges in units of measurement that do
not require any calculations or look-up in tables,

g. provide immediate operator actions associated with alarms
and, at least by reference, provide procedures
information,

h. be displayed and coded, consistent with display principles of
other sections so as to provide rapid detection,
interpretation, and unique precise meanings (redundant
coding for shapes and colors are necessary), and

I. combine alarm display and related control capabilities
within the same screen if practical when a visual display
unit is used.

= 57.14 Alarm subsystem failures. The alarm subsystem shall be
testable and shall provide indication of the separate alarm
subsystem components that have failed.

5.8 Control In the previous section, remote diagnostics were appropriately
f considered as part of the monitoring subsystem. It was noted that

of remote controls were necessary to focus upon the potentially faulty
maintenance com,oonent and to obtain the desired diagnostic information. The
result of diagnostic problem solving is to decide upon the control

actions needed to optimize NAS availability and maintenance
repair effectiveness. There are two categories of remote control
maintenance actions which can occur independently or
simultaneously and that affect the system components being
monitored:

a. control actions to adjust equipment, to switch to
redundant or alternative components, or to switch off
logical units in order to enhance degraded operations, and
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5.9 Maintenance
management
information

b. actions that call upon maintenance technicians to go to the
monitored site and accomplish on-site maintenance. This
category represents control of the human technician
resources in a manner analogous to command and control
systems.

5.8.1 Selection and design of remoteI?/ controlled functions.
Design personnel shall determine critical functions for designed-
in redundant capabilities for automatic or remote selection.
These shall be based upon aﬁpropriate analyses (such as
functional, failure mode, risk, system effectiveness,
maintainability, reliability, or maintenance task analyses).
Similarly, remote switching functions to enhance degraded
operations shall be selected based on analytic and task
information.

5.8.2 Consistent control and display features for remote
switchin caﬁabilities. Controls, or human-computer interface
commands which act as controls, should be consistent in their
own form (design features), in their locations, and with respect to
display features and information locations. (See sections 7 and 8
for other criteria on control and display characteristics and
relationships.)

5.8.3 Control of on-site maintenance. Messages that command
moving and tasking of resources shall be clear and concise.
These messages shall be logged (manually or automatically).
Standard messages and information packets for various repair
categories shall be considered. Acknowledgements of messages
need to be sent and logged. Feedback shall be provided, as
necessary, and management information system maintenance
supi)ort shall be available upon request. Backup communications
shall be available.

Management information systems usually consist of accessible
data bases comprised of historical, operational, planning, and
summarized information for management use. Inputs are
required from diverse sources and outputs may serve diverse
purposes. The management information system associated with
FAA maintenance automation is such a system.

In this section, general rules are established to assist in design of the
human factors aspects of maintenance management
information systems. The section begins with rules associated
with establishing and maintaining only those data that are useful.
Other rules address data Iogging and the use of data in remote
monitoring, diagnostic, and control tasks. A need to keep the
control tasks and the management information system tasks from
interfering with each other is addressed. Where management
information can contribute to the ongoing control tasks, human
interfaces need to be kept simﬁle and straight forward or
automatic and transparent to the user.

5.9.1 Input and data base pruning. Management information
system planners, human factors specialists, and designers shall
ensure that only necessary data are included in the inputs, data
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base storage, user screens, and reports. Data categories shall be
subject to configuration control. Input and data base pruning
shall be accomplished with zystematic participation of appropriate
usergroups. If necessarg, ata bases shall be flexible enough
that data categories can be easily deleted and added as system
changes demand.

Discussion. Information processes that evolve over a
period of years or that are created in the absence of
Information as to how the data will be used, often carry
unnecessary data that are not used or that are of
questionable utility. Continued entry of unnecessary data
creates nonproductive work throughout the system. Data
categories need to be evaluated against criteria of utility
and value.

o 592 Unnecessary reentry of data. If required current data are
already available in the data base, actions calling for entry of that
data should either automatically present the current relevant data
to the operator for confirmation or choice, or should
automatically enter the correct current data and display it to the
operator.

= 5093 Tracking events and chan(lges. Alerting and alarm events
or automatic switching events shall be logged. These events shall
be presented through status displays to notify the individuals
monitoring the system. If manual logging is necessary, the
information being logged shall also be presented to the operator
through the display.

Discussion. Manual logging includes keyboard entry and,
when necessary, written entry in a paper log. A log
provides a historical basis for tracking actions and for
summarizing data. The user needs to be informed of
every automatic log entry and to be allowed to easily
make comments, when desired.

= 5094 Logging, data storage, and tracking. When a person
monitoring the system makes any significant control, diagnostic,
or switching actions, these human control actions shall be entered
into the log automatically, if practical. These data may be used
in trend analysis, historical tracking, legal liability
determinations, reenactment, or other management reporting.
Only information that has approved utility for the future shall be
logged (see paragraph 5.9.1), even mandatory data for logging
needs to be screened periodically for its utility).

o 595 Automated log entries. Automatic log entries for control
actions should be used as needed to assist the monitoring
personnel with their tasks during normal, degraded, or
emergency operation.

= 596 Logging automated aid recommendations or actions.
The actions and recommendations of an automated aid that
pertains to control or diagnosis shall be presented to the person
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monitoring the system and, if significant, these actions and
recommendations shall be logged in the data base.

m 5097 Monitor’s access to the data base. Upon inquiry, the
ﬁerson monitoring the system shall have easy access to any
istorical, trend, or summary data in the data base that can help
the user. Preplanned and flexible inquiries shall be possible.
The inquiry task and the presentation of the data shall not
interfere with on-going monitoring or diagnostic tasks. Such
inquiry actions, when significant, shall be logged.

Discussion. Windows or separate monitors could be used
to present management information so it does not interfere
with the presentation of information for monitoring,
diagnostic, or control tasks. Preplanned inquiry
information could be integrated with status and diagnostic
displays where such integration is necessary to facilitate
operational tasks.

= 59.8 Maintenance technician resource interactions. Routine
or special interactions among personnel controlling remote
maintenance and maintenance technician resources shall be
logged in the management information system data base.

o 5.9.9 Separation of information system and control functions.
The maintenance monitoring and control functions should be kept
separate from maintenance management information functions,
except where an interface is necessary to assist performance of
diagnostic or control tasks. To the extent possible, this interface
should be simple and transparent for the monitoring personnel.
Demands and tasks associated with the management information
system should not interfere with maintenance monitoring and
control tasks.

Example. Routine and special report requirements or
functions should not interfere with monitoring and control
functions or tasks.

o 5.9.10 Plans and scheduled events. Provisions should be made
for entry and retrieval of planning and scheduling information
relative to inspections, on-site maintenance, and periodic
maintenance of facilities and equipment. Similarly, schedule and
status information pertaining to maintenance personnel resources
should be provided. This planning information should be
available for presentation to monitoring and technician personnel.
If it is necessary as an aid to monitoring or technician tasks, this
scheduling information should be integrated with the status
displays.

January 15, 1996 FAA Human Factors Program 5-27



5 Maintenance automation HFDG

5.10 Additional Additional technical information, diagnostic or maintenance
information, procedural information, job aiding information, and

technical and training information are often needed as part of a maintenance
Mmaintenance automation program.
information

. . This section addresses the provision of such information in
considerations automated on-line information services or in off-line user
documentation.

o 5.10.1 Potential on-line information. The following types of
user information should be considered as potentially relevant for
on-line presentation to monitoring, controlling, or technician
personnel if the users need and benefit from such presentation:

a. technical data about systems, subsystems, equipment,
components, or assoclated functions,

b. procedural information,

C. diagnostic aiding,

d. training materials used as help information,

e. embedded training, and

f. job aids for navigating within the system and for making
connections or obtaining information from outside the
system.

= 5.10.2 Provisions for understanding automation features.
Designers shall ensure that users will be able to understand
automation features by providing understandable:

a. appropriate human control and display design interfaces,

b. off-line or on-line user technical documentation,

C. on-line help,

d. off-line or on-line procedural guidance,

e. on-line or off-line job aids, or

f. training (on-line, embedded, or off-line) and training
materials.

o 5.10.3 Simple to train, learn, and use. Automation should be
designed so it is simple for the users to learn, use, repair, and be
trained on. Simplicity, clarity, and intuitiveness should be
among the cornerstones of its design. Training considerations
should be reflected in the design.

= 5.10.4 Interface designs for the entry level user. When human-
computer interfaces are used in the control of remote or
automated systems, the design focus shall be on the entry-level
trained user. Although, options and provisions can also be made
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for "power users," the primary design focus shall be the lowest
acceptable job skill level.

Discussion. Designers, who often are highly experienced
"power users" of computer application software, need to
avoid the tendency to design for others like themselves. It
can take many months or years of experience for entry
level operators to become "power users" of particular
application packages.

Human resource selection and training needs to emphasize
the primary professional skills, like maintenance
diagnosis, rather than interface operation. Interfaces must
not be so complex that they interfere with using the
primary skills. Costs to select or train professionals to be
"power users" may be prohibitive.

5.10.5 Training and automation. Decisions to automate system,
subsystem, or component functions shall weigh the training
impacts of the potential automation as a design trade-off factor.
Automation features, especially those that are complex or which
change human roles and tasks, shall be analyzed for training
subs%/stem implications. Automation features shall receive
emphasis in the training analyses, training systems, training
curricula, and user documentation.

Discussion. It is not unusual for automation features to
increase the need for training because the skills and
knowledge may differ from those associated non-
automated equipment and may be especially demandin(lg
for degraded, back up and emergency operations as well
as for diagnosis, and repair. Some increase in training is
the result of having to monitor and maintain the
automation subsystem itself.
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6.15.1.4.1

Selector SWItCNES ...ovvveeeee e
Maintenance iNStruCtions ........ccovvveeeeeeeeiieee e
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Labeling ...ooooveeeee
Label CONtENES ..oovvveeeeee e

Shielding hazardous parts .........cccccevveviieeciieesnnen.
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ACCESSIDIILY ..o
Minimizing test equipment .........ccccccccveeviveccieeennn,
EaSE OF USE ..oovveiiieieciiieie e
Reducing the number of Steps .........cccocvevieeiinnnn,
Individual operation ...........cccccoviiiiiiie e,

Calibration check ......ooovmveeei e

6.15.1.4.2 Warm-up indicators ..........ccccovvvveeiiineeiiieesiee s

6.15.1.4.3
6.15.1.4.4

6.15.2.1.1
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6.15.2.1.4

6.15.2.2.1
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6 Designing equipment for maintenance

6 Designing equipment for maintenance

6.1 General

6.1.1 General design
guidance

This section contains human factors criteria and guidelines
intended to make equipment maintenance easy, fast, and safe.
The topics include: (1) general criteria and guidelines, (2)
designing equipment for handling, (3) packaging, arrangement,
and mounting of equipment, (4) access openings, (5) covers and
shields, (6) cases, (7) fasteners, (8) connectors, (9) lines and
cables, (10) packaging, layout, and mounting of internal
components, (11) adjustment controls, (12) failure detection and
isolation, (13) fuses and circuit breakers, (14) test points and
service points, (15) test equipment, and (16) tools.

Equipment maintenance does not, of course, occur in isolation.
The overall system of which the equipment is a part affects the
design of the equipment; for example, if the system must run
continuously, the equipment might be designed to allow
maintenance while it is in operation, or some sort of redundancy
might be provided. The system maintenance concept also affects
equipment design; for example, is a particular unit of equipment
intended to be repaired on site? Is it intended to be removed and
repaired at another location? Or is it intended to be discarded
and replaced with another unit? A third factor affecting
equipment design is the physical environment in which it will be
located; will it be exposed to weather or to temperature
extremes? Will the maintainer be wearing gloves or other
protective clothing? Finally, equipment must accommodate
characteristics of the maintainers themselves, their sizes and
shapes, their skills, and their training.

This section contains criteria and guidelines for: (1) designing

equipment in general, (2) emphasizing maintenance during the

design of equipment, modules, and components, (3) maximizin
the use of existing equipment and tools, (4) minimizing the skil
and training requirements for maintainers, and (5) minimizing the

need for maintenance.

One of the most important aspects of designing equipment for
maintenance is the breaking up of a unit of equipment into
modules that are independent, interchangeable, and easily
replaced. If warranted, these modules can also be disposable.
Other important aspects are: ease of access to test and service
points, ease of access to internal parts and components, and, if
warranted, built-in testing, diagnostic and fault localization
capability.

Definitions. A unit of equipment is an assemblage of
items that may include modules, components, and parts
that are packaged together into a single hardware package.
For example, a computer, its keyboard, and its visual
display are all units of equipment, as are radio transmitters
and receivers. A module is an assemblage of two or more
interconnected parts or components that
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comprise a single, physical and functional entity. It is this
singular functionality that defines a module. A
component is a subdivision of a unit of equipment that
can be treated as an object by the maintainer, but which
can be further broken down into parts. A mounting board
together with its mounted parts is an example of a
component. A part is an object that cannot normally be
broken down further without destroying its designated
use. Fuses, resistors, and capacitors are examples of
parts.

o 6.1.1.1 General design guidance. The following features should
be incorporated into the design of all equipment, modules, and
components, as appropriate:

a.
b.

C.

simplification of maintenance functions,
modularization of equipment and components,

minimization of the number and complexity of
maintenance tasks,

use of built-in testing, diagnostic, and fault localization
capabilities,

use of disposable modules, components, and parts, where
cost effective and appropriate,

simplification of design,

quick and easy access to all units of equipment, modules,
components and parts that require maintenance,
inspection, removal, or replacement,

compliance with lifting, carrying, and force criteria and
guidelines,

minimization of the numbers and types of tools and test
equipment required for maintenance,

desidqn alternatives dependent on the skills and training
needed by maintainers and operators,

maximization of the safety and protection of maintainers
and equipment,

ease of assembly, disassembly, installation, and removal,
elimination of precise torque requirements,

ability to perform maintenance from above and outside
rather than from underneath and inside,

use of self lubrication, and

use of sealed and lubricated modules.

6-2 FAA Human Factors Program
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6.1.2 Emphasizing
maintenance during
design

6.1.2.1 Noninterruption of continuous operation. Equipment
that is part of a system that must operate continuously shall be
capable of undergoing maintenance without interrupting the
operation.

6.1.2.2 Redundancy to prevent interruption. If continuous
operation is required and required maintenance on a unit of
equipment would interrupt the operation, redundant equipment
shall be provided.

6.1.2.3 Degraded oTperation. When warranted by its importance
in a system, a unit of equipment that has a partial failure shall be
designed to operate in a degraded mode while awaiting
maintenance. This degraded operation shall not cause damage to
other equipment or components, nor shall it aggravate the original
fault. Degraded operation and faults shall be sensed and appropriate
information identified, displayed, or transmitted to maintainers
and, if appropriate, to operators.

6.1.2.4 Automation of fault detection and isolation. When
warranted, equipment shall have automatic fault detection and
isolation capability.

6.1.2.5 Equipment independence for maintenance. Units of
equipment shall be as independent (functionally, mechanically,
electrlc)ally, and electronically) as is practical (see paragraph
6.3.1.1).

6.1.2.6 Designing for safety of maintainers. Equipment shall
not present hazardous conditions to maintainers as they perform
maintenance procedures. A positive means (for example,
disconnects or lockouts) shall be designed into equipment and
used to control hazardous conditions and facilitate safety as
outlined in 29 CFR 1910.147.

Definitions. A hazardous condition is the presence of
energy or a substance which is likely to cause death or
injury by reason of physical force, shock, radiation,
explosion, flames, poison, corrosion, oxidation, irritation or
other debilitation. Biological and chemical hazards can have
debilitating effects through disease or interference with
physiological functions. A hazardous location is a space
within a facility, room, or open environment where

a hazardous condition exists or is accessible or exposed
within the system or equipment located within the space.

6.1.2.7 Dividing equipment into modules. Heavy, large, or
complex equipment should be divided into modules.

Discussion. Modularization of equipment can make it
easier to: (1) locate and isolate malfunctions, (2) properly
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6.1.3 Use of existing
or common
equipment and tools

allocate maintenance functions and responsibilities, (3)
reach, remove, and maintain components, and (4) handle
the equipment for installation and repair.

6.1.2.8 Controls and displays for maintenance. Controls and
displays for maintenance shall comply with the criteria and
guidelines in section 7, Human-equipment interfaces.

6.1.2.9 Replacement of failed components. Equipment shall be
desi%ned so that components that fail frequently (such as lamps
and fuses) can be easily replaced.

6.1.3.1 Use of existing items. If an existing unit of equipment,
module, component, or part meets the relevant requirements and the
aﬁplicable human engineering criteria in this document, designers
shall use that existing item rather than design a new one.

Discussion. Relevant requirements include performance,
maintainability, and reliability criteria designated by the
acquisition program office.

Definition. Item is a nonspecific term used to denote any
product, available or in design or development, including
parts, components, modules, and units of equipment.

6.1.3.2 Interchangeability of items. Units of equipment shall be
designed to maximize the interchangeability of modules,
components, and parts (see paragraph 6.3.2.1).

6.1.3.3 Noninterchangeable items. Items (units of equipment or
modules) that are similar in size and shape to other items but
different from them in functional properties, shall be easily
identifiable and distinguishable. In addition, they shall not be
physically interchangeable (see paragraph 6.3.2.3).

6.1.3.4 Minimize maintenance equipment and tools. Units of
e?uipment shall be designed to minimize the numbers and types
of auxiliary equipment and tools required to accomplish
maintenance tasks.

6.1.3.5 Use common test equipment and tools. Whenever
possible, systems and units of equipment shall be designed so that
madntenlance can be accomplished with common test equipment
and tools.

6.1.3.6 Special tools. Uncommon or specially-designed tools
shall be used only when common hand tools do not satisfy the
requirements or when the special tools provide a significant
advantage over common hand tools. Special tools shall not be
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6.1.4 Optimize skills
and training

6.1.5 Minimizing
need for
maintenance

6.2 Designing
equipment for
handling

6.2.1 General

re?uired or used without approval by the acquisition program
office (same as paragraph 6.16.1.4).

6.1.4.1 Optimize balance between use, maintenance, and
special skills. As practical, optimize the balance between ease of
use, maintenance, and the need for special skills on the part of the
maintainers.

6.1.4.2 Optimize balance between ease of use and training. As
practical, optimize the balance between ease of use and training
on the part of the maintainers. Special training shall only be
required when equipment or automation is implemented or has
undergone major modification.

6.1.5.1 Ease of servicing. Equipment shall be designed so that it
can be serviced in its installed position.

6.1.5.2 Minimize maintenance time. Equipment shall be
designed to minimize the time required for maintenance.

The purpose in designing equipment for handling is to increase
the efficiency of the maintainer and to reduce the likelihood of
injury to the maintainer or damage to the equipment. The topics
covered in this section include (1) the weight, size, and shape of
the equipment, (2) the provision of handles and grasp areas, (3)
the provision of stands, rests, and alignment aids, (45designing
fordremote handling, and (5) designing for the use of hoists, jacks,
and cranes.

6.2.1.1 Maintainer efficiency and safety. Units of equipment
shall be designed, located, and protected so that they maximize
the efficiency of the maintainer and minimize the likelihood of
injury to the maintainer and damage to the equipment. (See
paragraph 12.4.1.18 for safety aspects of electrical utilization
equipment as required by OSHA.)

6.2.1.2 Prevention of damage. Units of equipment shall be
designed, located, and protected so that they will not be damaged
when they are stored, shipped, handled, installed, operated, or
maintained. Susceptibility to damage shall be clearly identified.
Procedural guidance and suitable warning labels shall be
provided to help prevent such damage.

6.2.1.3 Minimal number of maintainers. Units of equipment
shall be designed, placed, and mounted so that they can be
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installed and removed by a minimum number of people wearing
clothing appropriate to the environment.

6.2.2 Weight The weight limits provided in this section assume that they will
be lifted by able-bodied people not by those covered by the
Americans with Disabilities Act.

= 6221 Maximum weight of units of equipment to be lifted by
one person. If a unit of equipment is designed to be lifted by a
single person, its weight shall not exceed the value in exhibit
6.2.2.1 that is appropriate for the height to which it is to be lifted and
tne size of the unit as it affects the distance between the body and
the grip.

Exhibit 6.2.2.1 Maximum weight limits for objects lifted by one person using both hands; data
are for a male or female

Height to Distance between body and grip

which lifted 150 mm (6 in) 300 mm (12 in) 460 mm (18 in) 610 mm (24 in)
.9 m (3 ft) 20.2 kg (44 Ib) 13.3 kg (29.3 Ib) 10.1 kg (22 Ib) 6.6 kg (14.7 Ib)
1.5 m (b ft) 16.8 kg (37 Ib) 11.2 kg (24.7 1b) 8.4 kg (18.51b) 5.6 kg (12.3 Ib)

= 6.2.2.2 Lifting in the presence of obstacles. The values given in
exhibit 6.2.2.1 assume that there are no obstacles between the
person lifting and the surface onto which the object is to be

laced. If there is an obstacle, such as a lower shelf, the weight

imit shall be reduced by 33 percent for an obstacle protruding
300 mm (12 in), 50 percent for an obstacle protruding 460 mm
(18in), and 66 Percent for an obstacle protruding 610 mm (24
in). No lift shall be performed at a reach distance greater than
635 mm (25 in). If the allowable weight must be reduced by both
size (distance between body and grip?] and obstacle considerations,
only the more restrictive single value shall apply, that is, two
reductions shall not be applied.

= 6.2.2.3 Maximum weight of units of equipment to be lifted by
two people. If a unit of equipment is designed to be lifted by two
people, the weight lifted by either one of them shall not exceed
the appropriate valuedqiven in exhibit 6.2.2.1; thus, if the weight of
the unit is distributed uniformly, the maximum weight is twice
that for a single person.

®  6.2.2.4 Maximum weight of units of equipment to be lifted b
three or more people. If a unit of equipment is designed to be
lifted by three or more ﬁeople, the weight lifted by any one of
them shall not exceed the appropriate value given in exhibit
6.2.2.1. The maximum weight of the unit may be increased by
three-fourths of the single person value for each person in
addition to the first. Thus the maximum weight shall not exceed

X + 0.75(N-1)X
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6.2.3 Size

where X is the approPriate value from exhibit 6.2.2.1, and N is
the number of people lifting. This increase assumes that the unit is
IaLge enough that the people lifting do not interfere with each
other.

6.2.2.5 Maximum weight of units of equipment to be carried
by one person. The weight of a unit of eiuipment designed to be
carried by one person shall not exceed 16 kg (35 Ib). This limit
applies to carrying distances up to 10 m (33 ft).

6.2.2.6 Maximum weight of units of equipment to be carried
by more than one person. If a unit of equipment is designed to be
carried by two people, the weight carried by either one of them
shall not exceed 19 kg (42 Ib); thus, if the weight of the unit is
distributed uniformly, the maximum weight of the unit is 38 k
(84 Ib). This limit applies to carrying distances up to 10 m (33 ft).

6.2.2.7 Maximum weight of units of equipment to be carried
by more than two people. If a unit of equipment is designed to be
carried by more than two people, the total weight shall not exceed
19 kg (42 Ib) plus 14.3 kg (31.5 Ib) for each person carrying in
addition to the first. This increase in weight assumes that the unit is
large enough that the people carrying do not interfere with each
other. This limit applies to carrying distances up to 10 m (33 ft).

6.2.2.8 Lifting eﬁes or jacking points. Units of equipment
weighing more than 68 kg (150 Ib) shall have lifting eyes or
jacking points (same as paragraph 6.2.10.1).

6.2.2.9 Reducing weight by removing parts. Heavy pieces of
equipment should be made more manageable by designing them
with removable parts.

6.2.2.10 Labeling heavy units. Weight and center of gravity
cautiongalacards shall be placed on any unit of equipment to be
moved for maintenance if it’s weight exceeds 13.6 kg (30 1bs).
Any unit of equipment designed to be lifted or carried b?]/ more
than one person shall be labeled prominently with its weight and the
number %f people recommended to lift or carry it (see paragraph
6.3.5.1.3).

The size of a unit of equipment affects its weight limits; a large
unit intended to be handled by one person cannot weigh as much as
a smaller one, as can be seen in exhibit 6.2.2.1. Similarly, a unit
intended to be handled by two or more people that is so small that
the people interfere with each other cannot weigh as much as a
unit that is large enough to avoid such interference.

6.2.3.1 Desirable size. Each unit of equipment should be small
enough for one person to lift or carry.

6.2.3.2 Reducing size by removing parts. Units of equipment
that are too large to be handled by one person should be designed
with removable parts to reduce their size.
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6.2.4 Shape

6.2.5 Handles

6.2.5.1 When handles
are needed

6.2.4.1 Avoiding protuberances. Equipment shall be designed
with a minimum number of bulges or extensions that might
interfere with handling.

6.2.4.2 Removing protuberances. If a unit of equipment
includes irregbular bulges or extensions that make handlingi
difficult, the bulges or extensions shall be easily removable by
hand or with common hand tools.

A handle is a permanent part of a unit of equipment that is
designed to be grasped by the hand. Handles may extend out
from the unit so that the fingers wrap around them, or they may
be recessed areas so that the fingers fit inside an opening.
Extended handles may be rigid or folding.

The size, number, and location of handles depend upon: (1) the
weight and center of gravity of the unit, (2) the number of people
lifting or carryin? the unit, (3) the type of clothing worn and
whether or not gloves are worn, (4) the position of the unit before
handling and its final position, (5) the frequency with which the
unit is handled, and (6) any additional uses the handles may serve.

6.2.5.1.1 Units of equipment designed for carrying. Units of
equipment intended to be carried shall have handles or grasp
areas.

6.2.5.1.2 Units of equipment weighing less than 4.5 kg (10 Ib).
Units of equipment weighing less than 4.5 kg (10 Ib) shall have
handles if they would otherwise be difficult to grasp, remove, or
carry.

6.2.5.1.3 Units of equipment weighing between 4.5 and 18 kg
(10 to 40 Ib). Units o eﬂuipment weighing between 4.5 kg (10
Ib) and 18 kg (40 Ib) shall have one or more handles that permit
easy handling of the unit by one person. If the unit is bulky or if its
welght is unevenly distributed, the handles shall permit easy
handling by two people.

6.2.5.1.4 Units of equipment weighing between 18 and 68 kg
(40 to 150 Ib). Units of e(1uipment weighing between 18 kg (40
Ib) and 68 kg (150 Ib) shall have handles thatProvide easy
handling of the unit by two or more people. If the unit is very
large, it shall have lifting eyes (see paragraph 6.2.10.1).

6.2.5.1.5 Force limits. The force exerted pulling or pushing a
handle or grasp area shall not exceed the values given in exhibit
6.2.5.1.5 for the appropriate elbow angle. The values provided in
the exhibit shall be reduced by 30% if the work is performed in
excess of 30 minutes. The values given are projected to a
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mixed male and female population by taking two-thirds of the
values for a male population. For a more detailed coverage of
pulling and pushing limits, see Snook & Ciriello (1991).
Exhibit 6.2.5.1.5 Maximum force limits for pulling and pushing
units of equipment using handles or grasp areas

Degree

of elbow Pulling Pushing

flexion Left arm Right arm Left arm Right arm
° N (Ibf) N (bfl N (lbf) N (Ibf)
180 148 (33) 154 (35) 125 (28) 148 (33)
150 125 (28) 166 (37) 89 (20) 125 (28)
120 101 (23) 125 (28) 77 (17) 107 (24)
90 95 (21) 110 (25) 65 (15) 107 (24)
60 77 (17) 71 (16) 65 (156) 101 (23)

6.2.5.2 Handle

characteristics

6.2.5.3 Dimensions

6.2.5.2.1 Handle comfort. Handles shall be comfortable and easy
to grasp; they shall not cut into the hand or cause undue pressure
on the fingers.

6.2.5.2.2 Handle surface. The surface of handles shall be
sufficiently hard that grit and grime do not become embedded
during normal use.

6.2.5.2.3 Handle conductivity. The handle material that comes
into contact with a maintainer’s hand shall not conduct heat or
electricity.

6.2.5.2.4 Handle attachment. Handles shall be permanently
attached to the unit of equipment.

6.2.5.2.5 Recessed, hin%ed, and folding handles. Recessed,
hinged, or folding handles may be used to conserve space or to
achieve a smooth surface; when they are used, they shall be
accessible without the use of tools, and they shall remain securely
folded when not in use.

6.2.5.2.6 Stops for hinged or folding handles. Hinged or folding
handles shall have a stop that holds them perpendicular to the
surface on which they are mounted when they are moved into
carrying position. It shall require only one hand to move them
into this position.

The dimensions of handles depend primarily upon the type of
handle, the weight of the unit of equipment, and the type of hand
covering the maintainer wears (none, gloves, or mittens). Other
factors affecting handle dimensions include the normal operating
position of the unit, the frequency and distance it is lifted or
carried, and whether or not the handle has an additional purpose,
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such as protecting the front of the equipment or serving as a stand
when the equipment is in its maintenance position.

= 6.25.3.1 Minimum handle dimensions by type of handle and
hand covering. Handles shall equal or exceed the dimensions in
exhibit 6.2.5.3.1 for the appropriate type of handle and the

maintainer’s hand covering.

Exhibit 6.2.5.3.1 Minimum handle dimensions

Type of Bare hand Gloved hand Mittened hand
bandle Z X Y Z X Y Z
Two-finger mm 32 65 75 38 75 75 N/A
bar {in) (1.25) (2.50) (3.0) (1.5) (3.0) (3.0) N/A
D One-hand mm 48 111 75 50 125 100 75 135 150
bar (in) (1.88) (4.37) (3.0) (2.0) (5.0) (4.0) (3.0)(5.25)(6.0)
3~ >~ Two-hand mm 48 215 75 50 270 100 75 280 150
< X v bar (in) (1.88) (8.5) (3.0) (2.0) (10.5) (4.0) (3.0)(11.0)(6.0)
22~
>
Yj\
d p T-bar mm 38 100 75 50 115 100 N/A
1 {in) (1.5) (4.0) (3.0) (2.0} (4.5) (4.0) N/A
/\z Y
>
°/
>
<Y J-bar mm 50 100 75 50 115 100 75 125 150
P X (in) (2.0) (4.0) (3.0) (2.0) (4.5) (4.0) (3.0) (5.0) (6.0)
Z\/
Two-finger mm 32 65 50 38 75 50 N/A
D recess {in) (1.25) (2.5) (2.0) (1.5) (3.0) (2.0) N/A
S~
’<z>/ \(’/ One-hand  mm 50 110 90 90 135 100 90 135 125
recess {in) (2.0) (4.25) (3.5) (3.5) (5.25) (4.0) (3.5)(5.25)(5.0)
A2 - Finger-tip mm 19 - 13 26 - 19 N/A
' recess (in) (0.75) - (0.5 (1.0) - (0.75) N/A
One-finger mm 32 - 50 38 - 50 N/A
recess (in) (1.25) - (2.0) (1.5) - (2.0) N/A
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6.2.5.4 Location

6.2.6 Grasp areas

6.2.5.3.2 Minimum Exhibit 6.2.5.3.2 Minimum handle
handle diameter by diameter required by weight of unit
weight of unit of of equipment

equipment. Heavier units

require handles of greater Weight Diameter
diameter. The diameter of

the handle shall equal or Up to 6.8 kg: 6 mm:
exceed the value given in (151b) (¥4 in)
exhibit 6.2.5.3.2 for the 6.8 10 9.1 kg: 13 mm:
appropriate weight range. (15 to 20 Ib) (¥ in)
6.2.5.3.3 Finger curl. 9.11018.1 kg: 19 mm:
The size and shape of a (20 to 40 Ib) (%4 in)
handle shall allow the Over 18.1 kg: 25 mm:
maintainer’s fingers to (40 Ib) (1 in)

curl around the handle at

least 120°.

The location of handles with respect to the center of gravity of a unit
of equipment determines the tendency of the unit to tip or sway
when it is lifted or carried. Placing the handles above the center
of gravity and placing pairs of handles on opposite sides of the unit
on a line passing through the center of gravity horizontally ensure
the stability of the unit. However, other considerations may
outweigh these "balance™ considerations. For example, if a unit
is intended to be pulled out of a rack, its handles will probably be
located on the front of the unit.

6.2.5.4.1 Single handles. A single handle should be located
directly above the center of gravity of a unit of equipment.

6.2.5.4.2 Pairs of handles. The two handles of a pair of handles
should be located on opposite sides of the unit of equipment on or
above a line passing horizontally through the unit’s center of
gravity.

6.2.5.4.3 Exposure to hazards. Handles shall be located so that
Lhelr L(ste does not expose a maintainer to thermal or electrical
azards.

6.2.5.4.4 Structural clearance. Handles shall be located to
provide a clearance of at least 50 mm (2 in) between the handle
and any obstruction when the equipment is in its installed or
maintenance position.

6.2.6.1 Location of grasp area. Grasp areas should be located
above the center of gravity of a unit of equipment so that the unit
does not tend to tip or sway when it is lifted or carried.

6.2.6.2 Grasp area finish. Grasp areas shall have a nonslip
finish. If the bottom of a unit of equipment is designed to serve
as a grasp area, the bottom surface shall have a nonslip finish.
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6.2.7 Stands and
rests

6.2.8 Alignment aids

6.2.6.3 Grasp area material. The material used for the grasp
area shall be sufficiently hard that grit and grime do not become
embedded in it during normal use.

6.2.6.4 Grasp area conductivity. Grasp area material shall not
conduct heat or electricity.

If a unit of equipment contains components that could be

damaged easily during maintenance, stands or rests might be
rovided to protect the susceptible parts. If the unit has handles, the
andles can be designed to serve as the stands or rests.

6.2.7.1 Prevention of damage. If appropriate and practical, units
of equipment that contain components that are susceptible to
damage shall have stands or rests that protect the susceptible
components when the unit is in its maintenance position.

6.2.7.2 Integral to chassis. When provided, stands or rests shall
be part of the basic chassis of the unit of equipment.

6.2.7.3 Handles as stands or rests. If a unit of equipment
requiring stands or rests has handles, the handles should be
designed to serve as the stands or rests.

Ideally it would be impossible to install equipment incorrectly.
Alignment aids can help to achieve correct installation. The
emphasis in this section is on physical devices, such as guides
and pins, but labels can also serve as alignment aids.

6.2.8.1 Guides, tracks, and stops. Guides, tracks, and stops shall
be provided wherever appropriate to facilitate handling and
to prevent damage to equipment and injury to maintainers.

6.2.8.2 Prevention of improper mounting. Units of equipment
shall include physical features (such as supports, guides, or
alignment pins) that prevent improper mounting.

6.2.8.3 Alignment of light-weight units of equipment. Units of
equipment weighing less than 9 kg (20 Ib) should have bottom-
mounted alignment pins.

6.2.8.4 Alignment of heavy units of equipment. Units of
equipment Weighin% more than 9 kg (20 Ib) should have side-
aligning guides so that the unit can be slid into place.

6.2.8.5 Labeling units of equipment. Units of equipment shall
have labels that identify their proper alignment, unless the
alignment is immediately obvious.

6.2.8.6 Labeling insertion holes. If a unit of equipment has
holes through which connectors or other objects that require
proper alignment are inserted, the holes shall have labels showing
proper alignment of the object to be inserted (same as paragraphs
6.4.6.4 and 6.10.5.18 for modules).
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6.2.9 Designing for
remote handling

6.2.10 Designing for
use of hoists, jacks,
and cranes

6.3 Packaging,
arrangement,
and mounting of
equipment

6.2.9.1 Alignment aids. All units of equipment designed for
remote handling shall have alignment aids.

6.2.9.2 Quick-action connectors. All connectors on units of
equipment designed for remote handling shall be of the quick-
action type.

6.2.9.3 Fasteners. All fasteners on units of equipment designed
for remote handling shall be of the captive type and shall be
operable by remote handling techniques.

6.2.9.4 Latches. All latches on units of equipment designed for
remote handling shall: (1) be operable from a single point, (2
have positive catches, and (3) provide a clear visual indication of the
latch position.

6.2.10.1 Lifting eyes or jacking points. Units of equipment
weighing more than 68 kg (150 Ib) shall have lifting eyes or
jacking points (same as paragraph 6.2.2.8).

6.2.10.2 Location of assistance points. The lifting eyes or
jacking points shall be located so that the unit of equipment does not
tilt or swing uncontrollably while it is being lifted.

6.2.10.3 Labeling. Lifting eyes and jacking points shall be
labeled conspicuously.

Equipment can be packaged, arranged, and mounted in a variety
of ways. This section gives criteria and guidelines to narrow the
choices. Several goals and principles underlie the requirements
and guidelines of this section. They include:

a. avoiding irregular, fragile, or awkward extensions to
equipment, or, if they cannot be avoided, ensuring that
such extensions are easy to remove,

b. packaging equipment so that it can be handled by one
person or as few people as possible,

c. arranging different units of equipment so that maintenance
by one specialist does not require moving or handling
equipment maintained by another specialist,

d. mounting equipment so that it is easily installed or
removed and readily accessible for maintenance,

e. mounting equipment in a way that minimizes the need for
the maintainer to bend, stretch, crawl, assume awkward
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6.3.1 Unitization
of equipment

positions, or move from place to place in performing
maintenance tasks, and

f. mir;imizing the need for tools, particularly specialized
tools.

Unitization is the packaging of equipment in physically and
functionally distinct units that can be easily removed and
replaced. This sort of separation can have a number of
advantages, such as providing easy access to malfunctioning
equipment, allowing a high degree of standardization, simplifying
and speeding equipment design by using previously developed
standardized designs, and reducing the skill and training
requirements for maintainers.

Definitions. A unit of equipment is an assemblage of
items that may include modules, components, and parts
that are packaged together into a single hardware package.
For example, a computer, its keyboard, and its visual
display are all units of equipment, as are radio transmitters
and receivers. A module is an assemblage of two or more
interconnected parts or components that comprise a
single, physical and functional entity. It is this singular
functionality that defines a module. A component is a
subdivision of a unit of equipment that can be treated as
an object by the maintainer, but which can be further
broken down into parts. A mounting board together with
its mounted parts is an example of a component. A part
is an object that cannot normally be broken down further
without destroying its designated use. Fuses, resistors,
and capacitors are examples of parts. The packaging of
a unit of equipment is the assembling, mounting, and
enclosing of the items it includes.

6.3.1.1 Functional independence. Units of equipment shall
correspond to the functional design of the equipment and shall
maximize the functional independence of each unit while
minimizing the interaction between units (see paragraph 6.1.2.5).

6.3.1.2 Packaging equipment. Whenever possible, units of
equllpment shall be independent, interchangeable, and easy to
replace.

6.3.1.3 Ease of installation. All equipment shall be easy to
mount and easy to connect to other equipment.

6.3.1.4 Independent adjustment. Units of equipment shall be
capable of being checked and adjusted sei)arately; when
interconnected with other units, they shall require little or no
additional adjustment.

6.3.1.5 Handling by one person. Units of equipment should be
installable and removable by one person (see section 6.2.2 on
weight limits).
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6.3.2
Interchangeability,
noninterchange-
ability

6.3.3 Mounting in
drawers, on racks,
and on hinges

6.3.3.1 General

6.3.1.6 Interconnectivity. The number of inputs and outputs
associated with a unit of equipment shall be minimized.

6.3.1.7 Protrusions. Any irregular protrusions on a unit of
equipment, such as cables, waveguides, or hoses, shall be easily
removable to prevent damage during installation and
maintenance.

6.3.1.8 Prevention of incorrect mounting. Units of equipment
should be designed so that they cannot be mounted incorrectly.

Units of equipment may be interchangeable physically,
functionally, or both. This section contains requirements and
guidelines that might be summarized in the general statements
that if two units of equipment are interchangeable functionally,
they will also be interchan?eable physically; if they are not
interchangeable functionally, they will not be interchangeable
physically.

6.3.2.1 Interchangeability of equivalent units of equipment.
Units of equipment having the same form and function shall be
interchangeable throughout a system and related systems (see
paragraph 6.1.3.2).

6.3.2.2 ldentifiability of interchangeable units of equipment.
Interchangeable units of equipment shall be clearly identifiable
and easily distinguishable from units that are similar, but not
interchangeable. Identification methods might be physical ﬁsuch
as size, shape, and mounting provisions), visual (such as color
coding), or verbal (such as labeling).

6.3.2.3 Noninterchangeability of nonequivalent units of
equipment. Units of equipment that are not functionall
interchangeable shall not be physically interchangeable zlsee
paragraph 6.1.3.3).

6.3.2.4 ldentifiability of noninterchangeable units of
equipment. Noninterchan?eable units of equipment shall be
clearly identifiable and readily distinguishable from units that are
interchangeable. Identification methods might be physical ﬁsuch
as size, shape, and mounting provisions), visual (such as color
coding), or verbal (such as labeling).

6.3.3.1.1 Mounting frequently-moved units of equipment.
When appropriate, units of equipment that must be moved
frequently from their installed positions for maintenance shall be
mounted in drawers, on sliding racks, or on hinges.
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6.3.3.2 Restraints
and supports

6.3.3.1.2 Mounting of heavy units of equipment. When
appropriate, heavy, relatively inaccessible units of equipment that
must be inspected or maintained shall be mounted in drawers, on
sliding racks, or equipment covers on hinges.

6.3.3.1.3 Access to rear or bottom of units of equipment. If the
maintainer must have access to the rear or bottom of units of
equipment mounted in drawers, on sliding racks, or equipment
covers on hinges, the units shall open or rotate fully and remain
in that position (held by braces, for example) without being
supported by the maintainer.

6.3.3.1.4 Avoidance of instability. If opening or extending a unit
of equipment that is mounted in a drawer, on a sliding rack, or on
hinges would shift the center of gravity of the mounting structure
]§o that (ijt becomes unstable, the structure shall be securely
astened.

6.3.3.1.5 Attachment of equipment. Units of equipment
mounted in drawers, on sliding racks, or on hinges should be
attached only to the drawer, rack, or hinge and to interconnecting
lines and cables.

6.3.3.1.6 Ease of moving mounted units of equipment. When
units of equipment are mounted in drawers, on sliding racks, or
on hinges, the drawers, racks, or hinges shall be easy (require few
operations) to open or extend.

6.3.3.1.7 Maximum force to move mounted units of equipment.
The force needed to open or rotate a drawer, slide, or hinged
mount shall not exceed the values given in paragraph 6.2.5.1.5.

6.3.3.1.8 Guards and shields. If needed to protect fragile or
scre]nsll(tjlve components, drawers and racks should include guards or
shields.

Equipment mounted in drawers, on sliding racks, or on hinges
must be protected with stops or supports that prevent it from
falling or tipping over and that hold it in position both for
operation and for maintenance. These stoBs and supports must be
easily overridden so that the equipment can be easily removed and
replaced.

6.3.3.2.1 Limit stops. Limit stops shall be provided on all
drawer-, slide-, or hinge-mounted equipment that must be moved
from its operating position to a maintenance position.

Definition. Limit stops are mechanisms that restrict a
moving object or part by stopping it at predetermined
(limit) positions.

6.3.3.2.2 Automatic locks. Drawers and slides shall lock
automatically in both the operating and maintenance positions.
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6.3.3.3 External
connectors and
interlocks

6.3.4 Positioning
equipment

6.3.4.1 Physical
accessibility

6.3.3.2.3 Lock release. The locks holding drawers and slides in the
operating and maintenance positions shall be easy to release,
preferably requiring only one hand to operate.

6.3.3.2.4 Supports for hinge-mounted equipment. Hinge-
mounted equipment shall have a means of support to hold it in
both the operating and maintenance positions.

6.3.3.3.1 Preservation of external connections. If external
connections are required for maintenance as well as for normal
operation, mounting shall be designed so that these connections
are not broken when the unit of equipment is slid or rotated into
its maintenance position.

6.3.3.3.2 Breaking of external connections. If it is required that
external connections be broken for maintenance, interlocks shall
be provided that break the connections when the equipment is slid or
rotated into its maintenance position.

6.3.3.3.3 External connectors as part of supporting structure.
If equipment mounted in a drawer or on a sliding rack Is intended to
be removed and replaced by maintainers, and If external
connections are not required during maintenance, the drawer or
rack shall be provided with connectors on the rear of the
equipment that mate with connectors mounted on the structure.

Some general considerations affecting the positioning of
equipment are:

a. Avoid locations where the equipment or the maintainer
would be exposed to damage or injury.

b. Avoid locations where the equipment or the maintainer
would be exposed to oil, dirt, or other contaminants.

C. Choose the most accessible locations for the most
frequently serviced equipment.

d. Choose the most accessible locations for the heaviest or
bulkiest equipment.

e. Choose the most protected locations for the most fragile
or sensitive equipment.

6.3.4.1.1 Complete visual and physical access. Equipment shall
be positioned so that the maintainer has complete visual and
physical access to all parts of the equipment on which
maintenance is performed; this includes access openings,
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adjustment points, test points, cables, connectors, labels, and
mounting fasteners.

®  6.3.4.1.2 Freedom from structural obstruction. Units of
equipment shall be positioned so that neither visual nor physical
access is obstructed by structural members or permanently
installed equipment.

®  6.3.4.1.3 Working space. Units of equipment shall be positioned
so that there is sufficient space around them for the use of any
tools and test equipment required for their maintenance (see also
paragrap;l 9.1.3 and section 9.2.2, particularly paragraph
9.2.2.1.1).

= 6.3.4.1.4 Roomto oPen covers. Units of equipment shall be
positioned with sufficient clearance from other equipment and
structures to permit unhindered opening of any covers that are
opened during maintenance tasks.

m  6.3.4.15 Stacking or blocking equipment. Units of equipment
shall not be stacked or placed in front of or behind other units;
each unit shall be positioned so that it is both visually and
physically accessible without the removal of another unit.

m 6.3.4.1.6 Full extension or rotation. Units of equipment
mounted in drawers, on sliding racks, or on hinges shall be
positioned so that the drawer, rack, or hinge can be opened or
extended without hindrance.

o 6.3.4.1.7 Working level. Units of equipment should be
positioned so that they are at the most favorable working level,
this is usually between the maintainer’s hip and shoulder height,
from approximately 1 to 1.5 m (3 to 5 ft).

m 6.3.4.1.8 Visual access. Units of equipment that require frequent
visual inspection shall be positioned so that the components to be
inspected (such as displays, test points, and labels) can be seen
easily without the removal of any other equipment.

= 6.3.4.1.9 Removal path. Units of equipment intended to be
replaceable by maintainers shall be positioned so that they can be
removed along a straight or moderately curved path, not along a

sharply bent path.
6.3.4.2 Relative In addition to considerations of physical accessibility, the
accessibility positioning of equipment is affected by its indispensability, the

freqqenc?]/_with which it is serviced or maintained, the
relationship of one unit of equipment to other units, and the
difficulty with which it is serviced or maintained.

= 6.3.4.2.1 Criticality of equipment. The most critical units of
equipment shall be the most accessible. Accessibility may be
compromised for highly reliable critical equipment.
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6.3.5 Labeling and
marking

6.3.5.1 Types of labels

6.3.4.2.2 Frequency of access. If criticality is not a factor,
equipment requiring the most frequent servicing or maintenance
shall be the most accessible.

6.3.4.2.3 Grouping to minimize movement. Units of equipment
maintained by the same person shall be positioned near each other
(provided the operational grouping of equipment remains in close
proximity) to minimize the amount of movement required of the
maintainer.

6.3.4.2.4 Noninteraction with equipment maintained by others.
Access to units of equipment maintained by one type of
maintenance specialist shall not require moving equiFment
maintained by another type of specialist. When conflicts with
paragraphs 6.3.4.2.1 through 6.3.4.2.3 occur, the previous
paragraphs shall have priority.

6.3.4.2.5 Difficulty of moving. Units of equipment that are
difficult to move shall not prevent convenient access to other
units.

6.3.4.2.6 Noninteraction with equipment not in need of
maintenance. It shall not be necessary to remove or disable an
operable unit of equipment to obtain access to a unit requiring
maintenance.

Labels on equipment can be used to (1) identify the equipment,
(2) state warnings or cautions, (3) supply useful information,
such as instructions, the weight of the equipment, or calibration
information, and (4) record and supply historical data, such as
periodic readings or the date of servicing or replacement.

Definitions. A label is alphanumeric information that
identifies or describes an object. Labels can be printed
directly on or adjacent to the object, or they can be printed
on a card or plate that is attached to the object or adjacent
to the object. Marking is nonverbal information, such as
colors or symbols, that identifies or describes an object.
Marking can appear directly on or adjacent to the object,
or it can be printed on a card or plate that is attached to
the object or adjacent to the object.

6.3.5.1.1 Equipment identification. All units of equipment shall
have identifying labels. These labels shall be securely attached,
permanent, nonfading, oil-, gasoline-, and corrosion-resistant,
and shall include all of the following that are applicable: (1)
contract order or task number, (2) equipment name, (3)
specification number, (4) manufacturer’s part number, (5) serial
number, (6) manufacturer’s name and address, and (7) if
necessary, stock number.

Discussion. Note that 29 CFR 1910.303 (e) requires that
electrical equipment itself must have a manufacturers
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6.3.5.2 Location and
orientation

name or trademark or other descriptive material which
identifies product responsibility and includes markings
giving voltage, current, wattage or other ratings.

6.3.5.1.2 Hazard labels. If any hazard exists in servicing or
maintaining a unit of equipment, the equipment shall have a
Warm;\g label attached that describes the hazard (see section
12.16).

Discussion. Electrical equipment that is to be used in
hazardous locations must be marked to show the
hazardous location class and group (from National Fire
Protection Association 70) and operating temperatures.

6.3.5.1.3 Weight labels. Weight and center of graviti/) caution
placards shall be placed on any unit of equipment to be moved
for maintenance if it’s weight exceeds 13.6 kg (30 Ibs). Ifitis
designed to be lifted or carried by more than one person, the label
shall include the number of people recommended to lift or carry it
(see paragraph 6.2.2.10; same as paragraph 12.16.15).

6.3.5.1.4 Instruction labels. If there are critical instructions for the
servicing or maintenance of a unit of equipment, and if these
instructions are not likely to be available through other means,
they shall be provided in a label on the equipment.

6.3.5.1.5 Data labels. If there are critical data that must be
available to or recorded by the maintainer of a unit of equipment,
and if there is no other provision for them, a label shall be
provided for these data.

6.3.5.2.1 Readability. Equipment labels shall be located so that
they are visible and readable with the equipment in its installed
position (same as paragraph 7.5.2.1).

6.3.5.2.2 Preserving readability. Equipment labels shall be
located so that they will not become obscured by dirt, moisture,
or other foreign materials. If these materials are likely to
accumulate, the labels shall be mounted on a vertical surface
(same as paragraph 7.5.2.10).

6.3.5.2.3 Consistent location. Labels on similar units of
equipment should be placed in approximately the same location
on each (same as paragraph 7.5.2.7).

6.3.5.2.4 Horizontal orientation. Labels shall be oriented so that
alphanumeric characters are read horizontally, not vertically
(same as paragraph 7.5.2.9).

6-20 FAA Human Factors Program January 15, 1996



HFDG

6 Designing equipment for maintenance

6.3.5.3 Typographic
matters

6.3.5.3.1 Character height for viewing distance. Unless
circumstances require otherwise, labels shall be clearly legible at a
viewing distance of 710 mm (28 in). The recommended height
for letters and numerals at this distance is approximately 5 mm
(.18 in). Exhibit 6.3.5.3.1 gives minimum character heights for
other viewing distances.

Exhibit 6.3.5.3.1 Minimum character height for various viewing
distances

Viewing distance Minimum height
Less than 0.5 m (20 in) 2.3 mm (0.1 in)
0.5-1.0m (20-40in) 4.7 mm (0.2 in)
1.0-2.0m (40-80in) 9.4 mm (0.4 in)
2.0-4.0m (80 -160in) 18 mm (0.75 in)

6.3.5.3.2 Stroke width in normal illumination. If labels are
expected to be read under normal illumination, characters shall be
black on a white or light background, and stroke width shall be
1/6 to 1/7 of the height (same as paragraph 7.5.3.2).

6.3.5.3.3 Stroke width in dim illumination. If labels are
expected to be read under dim illumination, characters shall be
white on a black or dark background, and stroke width shall be
from 1/7 to 1/8 of the height (same as paragraph 7.5.3.3).

6.3.5.3.4 Width to height ratios. The width to height ratio of
letters and numerals shall be 3:5 with the exceptions of "M" and
"W," which shall be 4:5, "4," which shall be one stroke width
wider, and "I" and "'1," which shall be one stroke wide (same as
paragraph 7.5.3.5).

6.3.5.3.5 Character spacing. The spacing between characters
shall be at least one stroke width (same as paragraph 7.5.3.6).

6.3.5.3.6 Word spacing. The spacing between words shall be
approximately the width of one normal-width character (same as
paragraph 7.5.3.7).

6.3.5.3.7 Line spacing. The spacing between lines shall be
approximately least one-half the character height (same as
paragraph 7.5.3.8).

6.3.5.3.8 Case of letters. If the text on a label is exclusively
single words, such as names, the words shall appear as all capital
letters; if the text is phrases or sentences, the text shall appear as
mixed case letters &ame as paragraph 7.5.3.9).
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6.3.5.4 Wording

6.3.5.5 Markings

6.3.5.3.9 Text and background combinations. Text and
background combinations shall provide sufficient contrast to
ensure legibility. Black characters may appear on white, yellow,
light gray, matte-finished brass or aluminum, or any bright plated
backgrounds; white characters may appear on dark backgrounds;
other acceptable combinations are blue on white, green on white,
green on red, and red on yellow.

6.3.5.4.1 Consistency. Designations and terms used on labels
shall be consistent with designations and terms in user
documentation and parts catalogs.

6.3.5.4.2 Wording. The wording of labels should be brief but
explanatory, using words that are familiar to maintainers.
Abbreviations and abstract terms should be used only if it can be
reasonably expected that they will be known to all maintainers.

6.3.5.4.3 Instructions. Labels containing a series of steps to be
?arrled out should list the steps, not present them in paragraph
orm.

6.3.5.5.1 Number of color codes. If color coding is used, the
number of different colors shall not exceed nine.

6.355.2 Recommended  pypihit 63552 Recommended
colors. If color coding is

used, the colors shall be  colors

distinguishable by both
color-normal and color- Color Spec No*
deficient persons. Colors
meeting this criterion are

iven in exhibit 6.3.5.5.2. Red 1110
g Orange 1210
Yellow 1310

Blue 10B 7/6

Purple 2715

Gray 1625

Buff 1745

White 1755

Black 1770

* From Fed. Spec. II-C-595
except for blue, which is
from Munsell (1942)
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6.4 Access
openings

6.4.1 General

6.4.2 Access

6.3.5.5.3 Arrows. Arrows  Exhibit 6.3.5.5.3 Good and bad
used in labels or markings —arrows

should be clearly
recognizable and easily Use these Not these
identifiable from a
distance. Sharp angles
and a tapered overall _b >
shape are preferable to

wide angles and a

relatively uniform overall > X>

shape (see exhibit

6.3.5.5.3).

This section contains criteria and guidelines for access openings,
that is, openings in a case, cover, panel, or door through which a
maintainer requires visual or physical access or both, to perform
maintenance tasks. Criteria and guidelines are given for
properties of the openings, how to ensure both visual and physical
access, the size, shape, and location of the openings, and their
labeling. Criteria and guidelines regarding covers for access
openings are given in section 6.5.

6.4.1.1 When an access opening is required. An access opening
shall be provided whenever a maintenance task would otherwise
require removing a case or covering, opening a fitting, or
dismantling a unit.

6.4.1.2 Number of openings. When appropriate, one large
opening should be provided rather than several small ones.

6.4.1.3 Prevention of injury or damage. The edges of access
openings shall be either (1) sufficiently rounded and smoothly
finished or (2) covered or coated sufficiently to prevent injury to the
maintair;er’s person, clothing, and equipment (see paragraph
12.5.1.4).

6.4.1.4 Uncovered openings. When environmental, operational,
and safety conditions permit, openings should be left uncovered
(same as paragraph 6.5.7.1).

6.4.1.5 Unacceptability of rivets. Riveted panels or doors shall
not be used to cover access oL)enings. Quick-action fasteners shall be
used except in cases when the panel or door is subjected to stress
or pressure, in which case screws shall be used.

6.4.2.1 Visual and physical access. If a maintainer must see
what he or she is doing inside the opening, then either the
opening shall be large enough and positioned so that the
maintainer has the necessary view, or separate openings shall be
provided for visual and physical access.
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6.4.3 Size

6.4.2.2 Visual access only. If a maintenance task requires only
visual access, the access opening should be designed and
positioned so that the maintainer can see whatever is needed
without removing panels or other components. Such openings
should not compromise personnel safety.

6.4.2.3 Physical access only. Physical access without visual
access, that is, access in which the maintainer cannot see what he or
she is doing inside an access opening, shall not be provided
without approval of the acquisition program office.

6.4.3.1 Accommodation. An access opening shall be large
enough to accommodate whatever combination of components,
tﬁols, tl)<ody parts, clothing, and movements is required to perform
the task.

6.4.3.2 Dimensions for one- or two-finger access. Dimensions
of openings intended to allow access by one or two fingers shall
equal or exceed those given in exhibit 6.4.3.2.

Exhibit 6.4.3.2 Minimum dimensions of openings designed for access by one or two fingers

without visual access

Bare hand Gloved hand
Action mm (in) mm (in)
Push button 32 (1.25) 38 (1.5)

)z LL !? Turn knob having diameter X X + 50 (2.0) X + 65 (2.5)
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®  6.4.3.3 Dimensions for one hand or arm access.

Dimensions

for openings intended to allow access by one hand or one arm
shall equal or exceed those given in exhibit 6.4.3.3.

Exhibit 6.4.3.3 Minimum dimensions of openings designed for access by one hand or arm

without visual access

mm

Height Width Diameter

{in) mm_(in) mm_{in)

Empty hand, to wrist

Bare hand, flat 55
Bare hand, rolled 95

Glove or mitten 100

Arctic mitten 125

y

g

Bare hand 5
Glove or mitten 115
Arctic mitten 180

¥

Glove or mitten 150
Arctic mitten 180

!

Bare hand
Glove or mitten
Arctic mitten

Arm to elbow

U

& =3

Light clothing 100
Arctic clothing 180

@ With object
@ Arm to shoulder
Light clothing 125

Arctic clothing 215
With object

(2.25) 100 (4.0) 100 (4.0)
(3.75) 95 (3.75) 95 (3.75)
(4.0) 16560 (6.0) 160 (6.0)
(5.0) 165 (6.5) 165 (6.5)

Clenched hand, to wrist

(3.75) 125 (5.0) 125 (5.0)
(4.5) 150 (6.0) 150 (6.0)
(7.0) 215 (8.5) 215 (8.5)

Hand plus 25 mm object, to wrist
—~—— )
.-. Bare hand 95 (3.75) 95 (3.75) 95 (3.75)

(6.0) 150 (6.0) 160 (6.0)
(7.0) 180 (7.0) 180 (7.0)

T Hand plus X mm object, to wrist

45 (1.75) clearance around object

X +
X + 65 (2.5) clearance around object
X + 90 (3.5) clearance around object

(4.0) 115 (4.5) 115 (4.5)
(7.0) 180 (7.0) 180 (7.0)
Same clearances as hand plus object

(5.0) 125 (5.0) 125 (5.0)
(8.5) 215 (8.5) 215 (8.5)
Same clearances as hand plus object
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= 6.4.3.4 Dimensions for two-hand access. Dimensions of
openings intended to allow access by two hands shall equal or
exceed those given in exhibit 6.4.3.4.

Exhibit 6.4.3.4 Minimum dimensions of openings designed for
access by two hands without visual access

Reaching with both hands to depth of 150 to
500 mm (6 to 20 in):

Light clothing: Width: 200 mm (8 in) or
depth of reach*
Height: 125 mm (5 in)

Arctic clothing: Width: 150 mm (6 in) plus
% the depth of reach
Height: 180 mm (7 in)

Reaching full arm's length (to shoulders) with
both arms:

Width: 500 mm (20 in)
Height: 125 mm (5 in)

Inserting box grasped by handles on front:

13 mm (% in) clearance
around box, assuming adequate
clearance around handles

Inserting box with hands on the sides:

Light clothing: Width: Box plus 115 mm
(4% in)

Height:T 125 mm (5 in) or 13
mm (% in) around box*

Arctic clothing: Width: Box plus 180 mm (7

6.4.4 Shape As with size, the shape of an access opening is influenced by: (1)
the body appendages and equipment that will pass through the
opening, 2§ the movements the maintainer will perform inside
the opening, and (3) the maintainer’s need for visual access
through the opening. The shape need not be a conventional shape
such as a circle or rectangle.

= 6.4.4.1 Shape appropriate to task. The shape of an access
opening shall allow the maintainer to perform those tasks
requiring access through the opening.

6.4.5 Location
m  6.45.1 On accessible surfaces. Access openings shall be located

on equipment surfaces that are accessible when the equipment is
in its normal operating position.
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6.4.6 Labeling and
marking

6.4.5.2 Near related displays, controls, and connectors. Access
openings shall be located within easy view and reach of any test
points, displays, controls, or connectors that require access in
performing a particular maintenance task.

6.4.5.3 Away from hazards. Access openings shall be located at a
safe distance or shielded from any hazards such as high voltages
or dangerous moving parts to which the maintainer might be
exposed.

6.4.5.4 Comfortable for maintainer. Access openings shall be
located so that they do not require undue bending, stretching or
other awkward body postures of the maintainer while he or she
performs required tasks.

6.4.5.5 Easy removal of components. Access openings should
be located so that heavy or bulky components can be pulled out
rather than lifted out.

6.4.5.6 Conformance with related items. If work stands or carts
are used in the maintenance tasks, access openings shall conform
to the height of the stands or carts.

6.4.5.7 Free of obstructions. Access openings shall be located
so that it is not necessary to remove any components or wires to
reach them.

6.4.5.8 Impervious to environmental conditions. Access
openings shall be located so that environmental conditions such
as rain, snow, and ice neither interfere with access nor damage
components when the access is open.

The criteria and guidelines in this section apply only to labeling
and marking access openings; if the opening has a cover, the
relevant criteria and guidelines are given in section 6.5.10.

6.4.6.1 Identification of opening. Each access oi)ening shall be
labeled with a name, number, letter or other symbol and referred to
by that identification in maintenance instructions.

6.4.6.2 ldentification of accessible components and
maintenance tasks. Each access opening should be labeled with
identifiers for the maintainable components accessible through the
opening. This labeling may also include information about
equipment to be used In the maintenance tasks and procedural
information about the tasks themselves.

6.4.6.3 Warning labels. If any hazardous condition exists inside
an access opening (such as high voltages or dangerous moving
parts), the opening shall have a conspicuous warning label
advising the maintainer of the hazard and stating any necessary
precautions (see section 12.16).

6.4.6.4 Insertion holes. If a unit of equipment has holes through
which connectors or other objects are inserted, the holes shall
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6.5 Covers,
guards, and
shields

6.5.1 General

have labels showing the proper alignment of the object to be inserted
(same as paragraphs 6.2.8.6 and 6.10.5.18 for modules).

This section contains criteria and guidelines governing the size,
sﬂaplt(aj, location, fastening, and labeling of covers, guards, and
shields.

Definitions. A cover is a part of a unit of equipment that
closes an access opening. A shield is an enclosure or
barrier intended to protect components that are susceptible
to damage or to protect maintainers from possible injury.
A guard is an enclosure or barrier intended to prevent
inadvertent or unauthorized operation of a control.

Covers, guards, and shields may take a variety of forms, including
(1) hinged doors or caps, (2) sliding doors or caps, (3) removable
doors or caps, (4) removable panels, and (5) physical barriers.

Hinged doors and caps allow the fastest and easiest access; they
require few fasteners and, depending upon their orientation, may not
need support in the open position. They do require "swinging"
space, and they may intrude on the maintainer’s work space.

Sliding doors or caﬁs are particularly useful where "swinging"
space Is limited. They do not generally provide a tight seal.

Removable doors or caps require little space for opening and,
once removed, do not interfere with working space. Handling
them does take time and effort.

Removable panels can give access to large portions of a unit of
equipment. They do not require “swinging" space, but they may be
awkward to handle or susceptible to damage.

6.5.1.1 How to open. It shall be clear to the maintainer how to
open a cover, either through a property of the cover itself, such as
its shape, or by the provision of instructions on or near the cover
(see also paragraph 6.5.10.1).

6.5.1.2 Ease of opening. Covers and fasteners should be selected
or designed so that their combination makes the cover easiest to
remove, open, and close while meeting the closure and structural
require)ments of the equipment (see also paragraphs 6.5.7.2 and
6.5.8.2).

Example. A cover that is or)ened relatively frequently but
that does not need to be sealed tightly might be a hinged
door with a quick-release latch.

6.5.1.3 Fastened-unfastened indication. Covers shall be
designed or mounted so that it is clear whether or not they are
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faster;ed when they are in place (same as paragraph 6.6.3.5 for
cases).

Example. Covers might be spring loaded so that they stay
open when they are not fastened.

m 6.5.1.4 Handles or grasp areas. If a cover is heavy or difficult to
open or handle, it shall have one or more handles, grasp areas, or
both. If present, handles and grasp areas shall accommodate any
gloves or other special clothing the maintainer might be expected
to wear (see section 6.2.5 for criteria and guidelines for handles).

m 6515 Shift in balance of equipment. Hinged or sliding
doors shall not unbalance equipment when they are opened.

Discussion. If an imbalance would otherwise
result, the cover or the equipment might have
some sort of prop or support to prevent the
unbalance.

m 6.5.1.6 Stops and retaining devices. Attached covers shall have
stops or retaining devices that hold them in both the open and
closed positions. These stops and retainers shall be appropriate
to the ambient environment.

Example. An access door on equipment out of doors and
subject to wind would need a more secure restraint than
one on equipment located indoors.

= 6.5.1.7 Ventilation holes. If a cover or shield requires ventilation
holes, the holes shall be small enough to prevent inadvertent
insertion of objects that might touch high voltage sources or
moving parts (same as paragraph 12.5.2.3).

= 6.5.1.8 Rounded edges. The corners and edges of covers shall be
smooth or rounded so that they do not injure the maintainer or
damage his or her clothing (see paragraph 12.5.1.4; same as
paragraph 6.6.1.7 for cases).

= 6.5.1.9 Small removable covers. Small removable caps or covers
that might be susceptible to dropping or loss, perhaps with resulting
damage to components inside the opening, shall be attached to
the equipment or structure.

6.5.2 Size

= 6.5.2.1 Size of covers. Covers shall be as small and light in
weight as possible while meeting the closure, structural, and ease
of maintenance requirements of the equipment.

Discussion. It is most desirable that covers be openable,
removable, and transportable with one hand; next most
desirable that they require handling by only one person;
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6.5.3 Shape

6.5.4 Location

6.5.5 Hinged covers

least desirable, that they require handling by two or more
people.

6.5.3.1 Appropriate to opening. The shape of a cover shall be
appropriate to the opening it covers and shall provide the degree of
closure required.

6.5.3.2 Proper orientation. If a removable access cover requires a
particular orientation, the cover shall be designed to prevent
attachment in any other orientation.

Example. This might be accomplished by: (1) giving the
cover an asymmetric or irregular shape, (2) inc udin?
alignment guides or pins, or (3) arranging the holes for
fasteners asymmetrically.

Most of the location considerations are preempted by those
governing the location of the openings. Location considerations
specific to covers include: (1) accessibility of the covers
themselves with the equipment in its installed position, (2)
accessibility of the fasteners, and (3) location of attached covers
so that in their open positions they do not obstruct or interfere
with maintenance tasks.

6.5.4.1 Accessible with equipment in installed position. When
maintenance tasks require that a cover be opened with the
equipment in its installed position, both the cover and its fasteners
shall be located so that they are visually and physically accessible
with the equipment in that position.

6.5.4.2 Noninterference of open cover with accessibility.
Hinged and sliding covers shall be located so that when they are
open, they do not Interfere with access to the openings
}hfmselves, or to related controls, displays, test points, and the
ike.

6.5.5.1 Safe operation. Hinged covers shall be designed so that
opening and closing them will not interfere with, damage, or have
the potential for harmful contact with wires or other components.

6.5.5.2 Self-supporting. Hinged covers shall have stops or
retainers that hold them in the open position. These stops shall
also prevent the cover from swinging into or falling on fragile
equipment, from swinging into the maintainers themselves, and
from springing the hinges.

6.5.5.3 Operable with one hand. The maintainer should be able
to open and close a hinged cover using only one hand.
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6.5.6 Sliding doors
and caps

m 6.5.6.1 Safe operation. Sliding doors and caps shall be designed
so that opening and closing them will not interfere with, damage, or
have the potential for harmful contact with wires or other
components.

o 6.5.6.2 Positive locking. Sliding doors and caps should lock in
the closed position, giving the maintainer feedback, perhaps with
a "snap" action or an audible click, when they are closed. They
should also lock and give feedback in the open position unless
they are removed when opened.

o 6.5.6.3 Nonjamming. Sliding doors and caps should not bind or
jam while being opened or closed.

o 6.5.6.4 Easy hand operation. Sliding doors and caps should be
easy to open and close without the use of tools.

6.5.7 Preferred type
of covering

o 6.5.7.1 Uncovered openings. When environmental, operational,
and safety conditions permit, openings should be left uncovered
(same as paragraph 6.4.1.4).

m 6.5.7.2 Preferred type of cover. The cover of an access opening
shall be appropriate to the type of access required and the
prevailing environmental conditions as outlined in exhibit 6.5.7.2
(see also paragraph 6.5.1.2).

Exhibit 6.5.7.2 Type of covering appropriate for type of access and environmental conditions

Condition Physical access Visual access
No adverse condition No cover No cover
Debris, moisture, other Hand-operated, latched, Transparent plastic
foreign material present sliding or hinged cap or window

door, or, less desirable, a
removable panel with
captive, quick-action

fasteners
Subject to wear or Break-resistant glass
contact with solvents window
Stress or pressure Removeable panel with Opaque cover plate with
requirements the smallest number of the smallest number of
the largest screws that the largest screws that
meet the requirements meet the requirements
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6.5.8 Fasteners

6.5.8.1 Fastener security. Fasteners shall hold covers securely in
their operating environment, for example, withstanding the
effects of vibration, wind gusts, and pressure (same as paragraphs
6.6.4.1 for cases and 6.7.1.1 for fasteners).

6.5.8.2 Number and ease of opening. The fasteners for a given
cover shall be the fewest in number and the simplest to operate
that meet the closure, structural, and ease of maintenance
requirements for the cover (see also paragraph 6.5.1.2; same as
paragraph 6.6.4.2 for cases and 6.7.1.2 for fasteners).

6.5.8.3 Common fasteners. The fasteners for a given cover shall
be interchangeable with the fasteners for other covers on the same
equipment and with fasteners for similar covers on other
equipment (same as paragraph 6.6.4.3 for cases and 6.7.1.3 for
fasteners).

6.5.8.4 Captive fasteners. Captive fasteners should be used for
cover)s (see also paragraph 6.7.3.7.4; same as paragraph 6.6.4.4 for
cases).

6.5.8.5 Quick-action fasteners. Fasteners for covers should be
of the quick-action type, requiring only part of a turn or a snap
actlor)1 to fasten and unfasten (same as paragraph 6.6.4.5 for
cases).

6.5.8.6 Self-alignment. Fasteners for covers shall be selected or
designed so that they are easily aligned with their retaining
catches, nuts, blocks, or inserts. This alignment shall occur
without binding and without damage to fastener threads or
receptacles (same as paragraph 6.6.4.6 for cases and 6.7.1.4 for
fasteners).

6.5.8.7 Operable by hand or common hand tools. Fasteners
shall be operable by hand if possible; otherwise, by common
hand tools (same as paragraph 6.6.4.7 for cases and 6.7.1.5 for
fasteners).

6.5.8.8 Opened-closed indication. Fasteners should give a clear
indication that they are open (unfastened) or closed (fastened;
same as paragraph 6.6.4.8 for cases and 6.7.1.6 for fasteners).

6.5.8.9 Hole size. The holes in covers or shields through which
fasteners pass shall be large enough to permit inserting or

"starting” the fasteners even when the covers or shields are not
perfectly aligned (same as paragraph 6.6.4.9 for cases and 6.7.1.7
for fasteners%.

6.5.8.10 Covers as structural members. When covers serve as
stress-bearing structural members, their fasteners shall be large
and strong enough to withstand the stress.
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6.5.9 Interlocks

6.5.8.11 Pin-and-hook fasteners. If a cover must have the ability
to survive nuclear, biological and chemical hazards, it should be
attached with pins and hooks rather than hinges (same as
paragraph 6.7.3.5.4 for fasteners).

Interlocks are distinguished from lockouts and tagouts.

Definitions. Interlocks are devices (for example,
switches?] connected with a cover, shield, or case that
disable the associated internal hazard (usually electrical)
when the cover, shield, or case is opened. OSHA
regulations discuss lockout and tagout procedures to be
used in the workplace during maintenance or operations to
protect from electrical hazards. A lockout uses a
mechanical means to disable a control or switch in its safe
position (for example, electricity disconnected) and to
prevent its activation without the use of undue force or
tools. Tagouts are tags that are attached to a control or
place of hazard to identify the required control condition
and hazard associated with an ongoing mode of operation or
maintenance.

6.5.9.1 Protection from hazards. If a hazardous condition (such as
a high voltage or moving parts) exists behind a cover or shield,
that cover or shield shall have an interlock that disables the
hazard when the cover or shield is removed or opened (see
paragraphs 12.4.1.9 and 12.4.1.10; same as paragraph 6.6.5.1 for
cases). Human protection from hazardous conditions with
unexpected energization or release of stored energy is treated in
29 CFR 1910.301 -308, 331 -335, and 399. The OSHA
regulation 29 CFR 1910.333 (B) (2? (iii) requires the
simultaneous use of both tagout and lockout in the workplace; 29
CFR 1910.333 (b) (ii) (B) states that interlocks shall not be the
sole means of de-energizing circuits of equipment and are not
substitutes for lockout and tagout procedures and practice (see
paragraph 12.4.1.11).

6.5.9.2 Interlock override switch. If a task requires that a
maintainer work on hazardous equipment that is equipped with a
disabling interlock, the equipment shall have an interlock
override switch that permits manual b?]/passing or overriding of
the interlock when the cover is open. This override switch shall
automatically reset to the non-by-pass position which is the safe
operating position when the cover is replaced (same as paragraph
6.6.5.2 for cases and 12.4.1.11). OSHA 29 CFR 1910.333
_requilreskthat only qualified personnel be allowed to disable an
interlock.

6.5.9.3 Labeling covers with interlocks. If a cover or shield has an
interlock, a label stating the presence of both the hazard and the
interlock shall be placed on the equipment or the cover so that it is
visible both when the cover is in place and when it is open (same
as paragraph 6.6.5.3 for cases).
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6.5.10 Labeling and
marking

6.6 Cases

6.6.1 General

This section contains criteria and guidelines for labeling and
marking covers; criteria and guidelines that apply to labeling and
marking the openings themselves are given in section 6.4.6.

6.5.10.1 Method of opening. If the method for oBening a cover is
not obvious, a label with opening instructions shall be attached to
the outside of the cover itself or to the equipment adjacent to the
cover)(see also paragraph 6.5.1.1; same as paragraph 6.6.6.1 for
cases).

6.5.10.2 Hazard labels. If a hazardous condition exists behind a
cover, a label describing the hazard shall be attached to the cover
itself or adjacent to the cover. Opening or removing the cover
shall neither remove nor visually obstruct the label ?see paragraph
12.16.1; same as paragraph 6.6.6.2 for cases).

6.5.10.3 Instructional labels. If instructions are provided
regarding maintenance tasks, components, test points or service
points inside the opening, they shall be attached to the cover
Itself or to the equipment adjacent to the cover so that the
instructions remain visible when the cover is opened. These
instructions shall be oriented horizontally with respect to the
maintainer (same as paragraph 6.6.6.3 for cases).

This section contains criteria and guidelines regarding the size,
mounts, fasteners, interlocks, and labels for cases.

Definition. A case is the part of a unit of
equipment that encloses and protects the equipment
from its surroundings. It may also serve to protect
the surroundings - including maintainers - from the
equipment.

6.6.1.1 Lift case, not equipment. The case for a unit of
equipment shall be designed so that the case is lifted off the
equipment, not so that the equipment is lifted out of the case.

6.6.1.2 Ease of removal and replacement. Cases shall be easy
to open, remove, and replace.

6.6.1.3 Accessibility. Cases shall be designed so that they can be
opened, removed, and replaced without dismantling the
equipment or associated equipment and items.

6.6.1.4 Minimizing need for removal. Cases and equipment
should be designed to minimize the need to remove the case.

Example. Adjustment controls, test points, and service
points might be made accessible without requiring
opening or removing the case.

6.6.1.5 Accessibility upon opening or removal. Cases and units of
equipment shall be designed so that when a case is opened or
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6.6.2 Size

6.6.3 Mounting

removed, all portions of the e(?uipment that are relevant to the
maintenance task are accessible. The opened case shall not
obscure or interfere with any controls, displays, test points,
service points, or connections relevant to the maintenance task.

6.6.1.6 Handles or grips. Ifa case is heavy or difficult to open,
remove, or replace, it shall have appropriate handles, grasping
areas, lifting eyes, or other lifting aids.

6.6.1.7 Rounded edges. The corners and edges of cases shall be
smooth and rounded so that they do not injure the maintainer or
damage his or her clothing (see paragraph 12.5.1.4; same as
paragraph 6.5.1.8 for covers).

The primary determinant of the size of a case is the size of the
equipment it encloses. Some additional criteria for case size are
given in this section.

6.6.2.1 Precise movements not required. Cases shall be
sufficiently larger than the items they cover so that they can be
opened, removed, and replaced without requiring precise
movements on the part of the maintainer.

6.6.2.2 Clearance between case and components. Cases shall
be large enough that they do not damage internal wiring or
components when they are opened, removed, or replaced.

6.6.3.1 Alignment aids. If a case is heavy or awkward to handle,
or if it encloses delicate, sensitive components, the case or the
equipment shall have guide pins, tracks, or some other alignment
device to help guide the case while it is being opened, removed,
or replaced.

6.6.3.2 Sealing material. If the equipment design includes
sealing material between the case and the base to which it is
attached, the sealing material and its mounting method shall be
selected so that the material is not damaged while the case is
being opened, removed, or replaced.

6.6.3.3 Stops and retainers. If a case is attached by hinges, it
shall have stops or retainers that prevent it from swinging into or
dropping onto other equipment or maintainers.

6.6.3.4 Supports. If acase is attached by hinges, it shall have a
stop or support to hold it in the open position, that is, the
maintainer shall not have to support the case.

6.6.3.5 Fastened-unfastened indication. Cases shall be designed
or mounted so that it is clear whether or not they are fastened
when t;]ey are in their closed position (same as paragraph 6.5.1.3 for
COVvers).
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6.6.4 Fasteners

6.6.5 Interlocks

Example. Cases might be spring loaded so that they stay
open when they are not fastened.

6.6.4.1 Fastener security. Fasteners shall hold cases securely in
their operating environment, for example, withstanding the
effects of vibration, wind gusts, and pressure (same as paragraphs
6.5.8.1 for covers and 6.7.1.1 for fasteners).

6.6.4.2 Number and ease of opening. The fasteners for a given
case shall be the fewest in number and the simplest to operate
that meet the closure, structural, and ease of maintenance
requirements for the case (see also paragraph 6.5.1.2; same as
paragraph 6.5.8.2 for covers and 6.7.1.2 for fasteners).

6.6.4.3 Common fasteners. The fasteners for a given case shall be
interchangeable with the fasteners for other cases on the same
equipment and with fasteners for similar cases on other
equipment (same as paragraph 6.5.8.3 for covers and 6.7.1.3 for
fasteners).

6.6.4.4 Captive fasteners. Captive fasteners should be used for
cases (same as paragraph 6.5.8.4 for covers).

6.6.4.5 Quick-action fasteners. Fasteners for cases should be of
the quick-action type, requiring only part of a turn or a snap
action to fasten and unfasten (same as paragraph 6.5.8.5 for
covers).

6.6.4.6 Self-alignment. Fasteners for cases shall be selected or
designed so that they are easily aligned with their retaining
catches, nuts, blocks, or inserts. This alignment shall occur
without binding and without damage to fastener threads or
receptacles (same as paragraph 6.5.8.6 for covers and 6.7.1.4 for
fasteners).

6.6.4.7 Operable by hand or common hand tools. Fasteners
shall be operable by hand if possible; otherwise, by common hand
tools (same as paragraph 6.5.8.7 for covers and 6.7.1.5 for
fasteners).

6.6.4.8 Opened-closed indication. Fasteners should %ive a clear
indication that they are open (unfastened) or closed (fastened)
(same as paragraph 6.5.8.8 for covers and 6.7.1.6 for fasteners).

6.6.4.9 Hole size. The holes in cases through which fasteners
pass shall be large enough to permit inserting or "starting" the
fasteners even when the case Is not perfectly aligned (same as
paragraph 6.5.8.9 for covers and 6.7.1.7 for fasteners).

Definitions for interlocks, lockouts, and tagouts are provided in
section 6.5.9.
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6.6.6 Labeling and
marking

6.6.5.1 Protection from hazards. If a hazardous condition (such as
a high voltage or moving parts) exists inside a case, the case shall
have an interlock that disables the hazard when the case is
opened or removed (see paragraphs 12.4.1.9 and 12.4.1.10; same
as paragraph 6.5.9.1 for covers).

Human protection from hazardous conditions with unexpected
energization or release of stored ener%y is treated in 29 CFR
1910.301 -308, 331 -335, and 399. The OSHA regulation 29
CFR 1910.333 (B) (2) (iii) requires the simultaneous use of both
tagout and lockout in the workplace; 29 CFR 1910.333 (b) (2) (ii)
(B) states that interlocks shall not be the sole means of de-
energizing circuits of equipment and are not substitutes for
lockout ar)1d tagout procedures and practice (see paragraph
12.4.1.11).

6.6.5.2 Interlock override switch. If a task requires that a
maintainer work on hazardous equipment that is equipped with a
disabling interlock, the equipment shall have an interlock
override switch that permits manual bypassing or overriding of
the interlock when the case is open. This override switch shall
automatically reset to the non-by-pass position which is the safe
operating position when the case Is replaced (same as paragraphs
6.5.9.2 for covers and 12.4.1.11). OSHA 29 CFR 1910.333
requires that only qualified personnel shall be allowed to disable
an interlock.

6.6.5.3 Labeling cases with interlocks. If a case has an
interlock, a label stating the presence of both the hazard and the
interlock shall be placed on the equipment or the case so that it is
visible both when the case is in place and when it is open or
removed (same as paragraphs 6.5.9.3 for covers).

6.6.6.1 Method of opening. If the method for oFening a case is
not obvious, a label with opening instructions shall be attached to
the outside of the case itself or adjacent to the case (same as
paragraph 6.5.10.1 for covers).

6.6.6.2 Hazard labels. If a hazardous condition exists inside a
case, a label describing the hazard shall be attached to the case
itself or adjacent to the case. Opening or removing the case shall
neither remove nor visually obstruct the label (see also paragraph
12.16.1; same as paragraph 6.5.10.2 for covers).

6.6.6.3 Instructional labels. If instructions are provided
regarding maintenance tasks, components, test points, or service
points inside a case, they shall be attached to the case itself or
adjacent to the case so that the instructions remain visible when
the case is opened. These instructions shall be oriented
horizontally with respect to the maintainer (same as paragraph
6.5.10.3 for covers).
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6.7 Fasteners This section contains general criteria and guidelines for fasteners
and specific criteria and guidelines for nuts and bolts, screws, the
heads of bolts and screws, latches and catches, and other fastening
devices. Additional criteria and guidelines are provided for quick
fastening and releasing devices, captive fasteners, and the
labeling and marking of fasteners.

Definition. Fasteners are devices that join, attach, and
mount parts, components, cases, covers, and units of
equipment. They include quick fastening and releasing
devices, screws, bolts, latches, catches, rivets, retainer
rings, and retainer chains.

Fasteners are available in a wide variety of types and sizes, and
new types appear frequently. Designers are advised to review the
varieties available before selecting fasteners for a particular
application. Factors influencing the choice of a fastener for a
particular application include: ?1) the stress and environmental
factors the fastener must withstand, (2) the tools and clearance
required to fasten and release the fastener, (3) the frequency with
which the fastener will be fastened and released, (4) the speed
with which the fastener must be fastened and released, ﬁS) the
types and varieties of other fasteners used in that and related
applications, and (6) the clothing, especially gloves or mittens,
the maintainer may be expected to wear.

6.7.1 General

m 6.7.1.1 Fastener security. Fasteners shall hold securely in their
operating environment, for example, withstanding the effects of
vibration, wind gusts, and pressure (same as paragraphs 6.5.8.1
for covers and 6.6.4.1 for cases).

= 6.7.1.2 Number and ease of opening. The fasteners for a given
application shall be the fewest in number and the simplest to
operate that meet the closure, structural, and ease of maintenance
requirements for the application (same as paragraphs 6.5.8.2 for
covers and 6.6.4.2 for cases).

= 6.7.1.3 Common fasteners. To the extent possible, fasteners
shall be interchangeable throughout a given application (see
paragraphs 6.5.8.3 for covers and 6.6.4.3 for cases).

= 6.7.1.4 Self-alignment. Fasteners shall be selected or designed
so that they are easily aligned with their retaining catches, nuts,
blocks, or inserts. This alignment shall occur without binding
and without damage to fastener threads or receptacles (same as
paragraphs 6.5.8.6 for covers and 6.6.4.6 for cases).

= 6.7.1.5 Operable by hand or common hand tools. Fasteners
shall be operable by hand if possible; otherwise, by common hand
tools (same as paragraphs 6.5.8.7 for covers and 6.6.4.7 for cases).

6-38 FAA Human Factors Program January 15, 1996



HFDG

6 Designing equipment for maintenance

6.7.1.6 Open-closed indication. Fasteners should give a clear
indication that they are open (unfastened) or closed (fastened)
(same as paragraphs 6.5.8.8 for covers and 6.6.4.8 for cases).

6.7.1.7 Hole size. The holes through which fasteners pass shall
be large enough to permit inserting or "starting" the fasteners
even when parts are not perfectly aligned (same as paragraphs
6.5.8.9 for covers and 6.6.4.9 for cases).

6.7.1.8 Fastener variety. The variety of fasteners used in a
particular application (that is, the number of different types and
sizes) shall be the minimum that meets the requirements for
closure, structure, and ease of maintenance. These requirements
include such aspects as stress, bonding, pressure, temperature,
and shielding.

Discussion. Minimizing the variety of fasteners
simplifies the stocking of spare parts and reduces the
danger that maintainers will damage fasteners or
equipment by using the wrong tool or the wrong fastener.

6.7.1.9 When different fasteners are required. If removal or
insertion of a wrong fastener could result in damage to equipment or
a change in calibration settings, distinguishably different
fasteners shall be used.

6.7.1.10 Different fasteners must be distinguishable. If more
than one type of fastener is required for a unit of equipment:

a. The different types shall be easily_disti_nc};uishable from
each other, for example, screws with different threads
might also be different in physical size.

b. The fastener-receptacle interface shall permit the
maintainer to distinguish the intended location of each
fastener easily.

6h7.1.11 Location of fasteners. Fasteners shall be located so that
they:

a. are easily accessible to the maintainer without requiring
the removal of other parts or units,

b. can be operated with little or no interference from other
structures,

C. do not interfere with each other or with other components,

d. are not hazardous to maintainers or potentially damaging
to wires or hoses, and

e. have adequate clearance to permit easy hand or tool
operation.
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6.7.2 Number

6.7.3 Types

6.7.3.1 Nuts and bolts

6.7.1.12 Strength of hand-operated fasteners. Fasteners that
are normally operated by hand shall be strong enough to
withstand being operated with a tool.

6.7.1.13 Painted or coated fasteners. If fasteners are painted or
coated, the paint or coating shall not adversely affect their
removal or installation.

6.7.1.14 Precise torque requirements. Equipment should be
designed so that precise torque on fasteners is not required. If it is
Eequw%d, fasteners that incorporate torque indications should

e used.

Examples. Some examples of fasteners that incorporate
torque indications are: (1) nuts that break away, (2)
crushable washers that give a visual indication that correct
torque has been reached, and (3) tools that crimp the nut
and achieve the correct torque.

6.7.1.15 Torqued fasteners. If a precise torque is required, the
fastener shall be located so that the torquing tool can be applied
directly, without the use of irregular extensions.

6.7.2.1 Minimum that meets requirements. The number of
fasteners used in a particular application shall be the minimum
number that meets the closure, structural, and ease of
maintenance requirements. A few large fasteners are preferable
to many small fasteners as long as they meet the requirements.

6.7.2.2 Mounting. No more than four fasteners should be used to
mount a unit of equipment.

6.7.2.3 Minimize by using hinges, catches, latches, and quick
fastening and releasing devices. Hinges, catches, latches, and

uick fastening and releasing devices should be used to reduce
the number of fasteners whenever they meet the other relevant
requirements.

6.7.2.4 Minimize by using tongue-and-slot design. Tongue-
and-slot design should be used whenever possible in covers and
cases to minimize the number of fasteners.

This section lists criteria and guidelines for different types of
fasteners. For ease of maintenance, the order of preference by
type is: 21; quick fastening and releasing devices, é) latches and
catches, (3) captive fasteners, (4) screws, and (5) nuts and bolts.

Nuts and bolts are relatively time consuming to install and
remove. The maintainer usually has to have access to both ends
of the bolt, to use both hands, and to make fairly precise
movements in starting the nut. Often the maintainer has to use
two tools, one for the bolt and one for the nut. The inclusion of
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6.7.3.2 Screws

\I/vashers increases the number of parts to handle and possibly
ose.

6.7.3.1.1 Bolt length. Bolts shall be no longer than necessary for
their given application. If a nut is used, at least two threads of
the bolt shall extend beyond the nut when the nut is tightened.

6.7.3.1.2 Bolt threads. The bolt threads should be no finer than
strength requirements dictate.

6.7.3.1.3 Turns to tighten. The number of turns to tighten a bolt
should be less than ten.

6.7.3.1.4 Hexagonal nuts. Hexagonal nuts shall be used in high-
torque applications.

6.7.3.1.5 Wing and knurled nuts. Wing nuts or knurled nuts
should be used in low-torque applications.

6.7.3.1.6 Left-hand threads. Left-hand threaded nuts and bolts
shall be used only when conditions require them, for example to
prevent loosening due to rotation. When used, they shall be
coded by marking, shape, or color so that they are easily
distinguishable from right-hand threaded nuts and bolts.

6.7.3.1.7 Lock washers. Lock washers or other restraining
measures shall be used to prevent nuts and bolts from loosening
under vibration.

6.7.3.1.8 Removal and replacement with one hand or tool.

Nuts and bolts that are removed and replaced frequently or that
are relatively inaccessible should be mounted so that they can be
removed and replaced with one hand or one tool. A recess should
be provided to hold either the bolt or the nut.

6.7.3.1.9 Bolt mounting. Bolts should be mounted with their
heads up so that they remain in position if the nut falls off.

Screws are relatively time consuming to insert and remove, and
their threads and slots are susceptible to damage. However,
screwdrivers usually require less operating space than wrenches,
and they usually require the use of only one hand. In addition,
screws are usually used alone, as opposed to bolts, which are
usually used in combination with washers and nuts.

6.7.3.2.1 Number of turns. The number of turns to tighten or
loosen a screw should be less than ten.

6.7.3.2.2 Slot depth. Screw heads should have deep slots that
will resist damage.

6.7.3.2.3 "Straight-in" screwdriver orientation. Screws shall
be used only when screwdrivers can be used in a "straight-in"
orientation; the use of offset screwdrivers shall not be required.
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6.7.3.3 Screw and
bolt heads

6.7.3.2.4 Blind operation. If a screw must be operated in a
position in which the maintainer cannot see its head, a guide shall be
provided to help position the screwdriver.

Example. The screw might be located at the bottom of a
cylindrical hole so that the hole guides the screwdriver to the
screw head.

6.7.3.2.5 Screws for pressurized enclosures. Fine-thread screws
should be used for pressurized units.

6.7.3.2.6 Countersunk screws. Screws should be countersunk
when a smooth surface is required.

6.7.3.2.7 Screws for thin panels. Flat-head screws should not be
used on panels less than 2.4 mm (3/32 in) thick.

6.7.3.2.8 Self-tapping screws. If a unit of equipment requires
more than one size of self-tapping screw, the different sizes shall be
kept to a minimum, and they shall all have the same type of head.

Combination-head bolts and screws are preferable to other bolts
and screws since they allow operation with both wrenches and
screwdrivers. Slotted hexagonal heads are preferable to slotted
knurled heads. Combination-head bolts and screws reduce the
likelihood of damaged slots and stuck fasteners.

6.7.3.3.1 Same heads for screws and bolts. To the extent
ossible, all bolts and screws on agiven unit of equipment shall
ave the same size and type of head so that maintainers can
operate all of them with a single tool.

6.7.3.3.2 Combination-head Exhibit 6.7.3.3.2 Examples
bolts and screws. Combination-  of combination-head bolts
head bolts and screws should be q

used, preferably those having and screws

slotted, hexagonal heads. Exhibit

6.7.3.3.2 shows examples of & (o
combination-head bolts and =y &
screws; the combinations =
illustrated are slotted-hexagonal

and slotted-knurled.

6.7.3.3.3 Straight-slot and cross- Use This OrThis  Not This

recess type internal fasteners. T ——
Noncomgination straight-slot or :@‘\"‘- % ?

Cross-recess t¥pe internal
fasteners shall not be used except
to fasten wood.
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6.7.3.4 Latches and
catches

]§.7.3.3.4 Inter?]al-wrenching | Exhibit 6.7.3.3.4
asteners -- where to use. Internal-

wrenching fasteners shall not be used Example of an
except where a flat, smooth surface is ~ Internal-wrenching
required and where the fasteners are  bolt and nut
protected from the accumulation of

foreign material such as dirt, ice, or
snow. Exhibit 6.7.3.3.4 shows an @‘

example of an internal-wrenching ‘,3,,
bolt and an internal-wrenching nut. &)

6.7.3.3.5 Internal-wrenching @

fasteners slots. If internal-

wrenching fasteners are used, the
slots should be deep enough so that
the fastener is not damaged when it is operated. The fasteners
should be located where they can be removed by the special tools
required if a slot is damaged.

6.7.3.3.6 High-torque fasteners. If a torque of more than 14
Num (10 ft-Ib) is required, fasteners shall have external hexagonal
or double-hexagonal heads. If external-wrenching heads cannot
meet functional or personnel safety requirements, or in situations in
which the fastener is protected from accumulation of foreign
material, internal-wrenching fasteners may be used.

6.7.3.3.7 Low-torque fasteners. If atorque of less than 14 Num
§10 ft-1b) is required, fastener heads should be one of the
ollowingt pes: (1) combination-head, (2) hexagonal, external-
grip head, 2&) hexagonal internal-grip heads, or (4) Torg-set.

Latches and catches can be operated quickly and easily. They do not
require the use of tools, and they have good holding power, but
they cannot be used where smooth surfaces are required.

6.7.3.4.1 Positive catch. Latches and catches shall have a
positive catch.

6.7.3.4.2 Visual indication. Latches and catches shall give a
clear visual indication that the latch or catch is engaged.

6.7.3.4.3 Spring-loading of catches. Catches should be spring-
loaded so that they lock on contact rather than requiring some
other action by the maintainer.

6.7.3.4.4 Nonhazardous. The spring action or snap-down force
in a catch or latch shall not be so strong that it could injure the
maintainer (see also paragraph 12.3.5).

6.7.3.4.5 Associated handles. If a latch or catch is associated
with a handle, the release mechanism for the latch or catch shall
be located on or near the handle so that release and opening can
be accomplished with one hand.
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6.7.3.5 Other fastening
devices

6.7.3.4.6 Preventing inadvertent operation. Latches and catches
shall be located and positioned so that it is not likely that they will
be operated inadvertently under normal operating conditions.

This section gives criteria and guidelines for a variety of
additional fastening devices, including cotter pins and keys,
retainer rings, safety wire, rivets, retainer chains, and washers.

6.7.3.5.1 Integral fasteners not allowed. Fasteners shall not be an
integral part of the equipment’s housing; studs are an example of
disallowed integral fasteners.

6.7.3.5.2 Cotter pins and keys. Guidelines for cotter pins and
keys are:

a. Pins and ke?/s should fit snu%ly, but not so tightly that they
cannot be slid in and out by hand.

b. The heads of cotter keys should be large enough so that they
do not slip through the hole and so that they are easy to
remove.

6.7.3.5.3 Retainer rings. Criteria for retainer rings are:

a. Retainer rings shall be easy to remove and replace when
worn.
b. When possible, retainer rings shall lock into position with a

positive snap.

c. Twist-to-lock retainer rings shall have spring tension to
prevent their loosening.

6.7.3.5.4 Pin-and-hook fasteners. If a cover must have the
ability to survive nuclear, biological and chemical hazards, it
should be attached with pins and hooks rather than hinges (same
as paragraph 6.5.8.11 for covers).

6.7.3.5.5 Safety wire. Criteria for safety wire are:
a. Safety wire shall be used only when self-locking fasteners or

fasteners with cotter pins are not adequate to withstand the
expected vibration or stress.

b. When safety wire is used, it shall be easy to remove and
replace.

C. If a visible means of detecting that a fastener has become
loosened or has changed position is required, safety wire
shall be used.

6.7.3.5.6 Rivets. Rivets are permanent fasteners that are difficult
and time consuming to remove and replace; they are not ordinarily
used on parts that might require removal. Criteria for rivets are:

6-44 FAA Human Factors Program January 15, 1996



HFDG

6 Designing equipment for maintenance

6.7.3.6 Quick fastening
and releasing devices

a

a. Rivets shall not be used to attach hinges, latches, catches, or
other quick fastening and releasing devices.

b. Rivets shall be of softer material than the pieces they
fasten.

C. The holes for shear rivets shall be drilled to close

tolerances. Maintenance instructions shall specify these
toleéances and the sizes of plug gauges and reamers to be
used.

6.7.3.5.7 Retainer chains. Retainer chains or locking bars are
used to: (1) keeﬁ hatches or doors from opening too far or from
springing their hinges, (2) convert doors or covers into shelves
for the maintainer, (3) prevent small covers or caps from being
misplaced, (4) secure small, special tools at the location where
they will be used, (5) secure objects that might otherwise fall and get
lost, and (6) secure objects that might otherwise fall and injure
t?}e maintainer or damage the equipment. Guidelines for retainer
chains are:

a. Only link, sash, or woven-mesh tyge chains should be
used. Bead-link chain should nof be used:; it is more
breakable than other types.

b. Retainer chains should be attached with screws or bolts so
that they can be disconnected easily if necessary.

C. Each end of a retainer chain should have an eyelet.

d. Retainer chains for filler caps should be attached
externally, not internally.

e. Chains should not be used where they might interfere with
moving parts.

f. If chain covers are required, they should be flexible and
durable.

6.7.3.5.8 Washers. Guidelines for washers are:

a. Washers should fit tightly against the underside of the
fastener head.

b. Washers should fit the shaft snugly, but should be easy to

remove.

C. Split-rin? washers should be used with static loads in
excess of 55 g (2 0z).

d. Lock washers should be used with lock nuts for maximum

locking action.

Quick fastening and releasing devices are quick (by definition)
and easy to use. They require no tools; they can be operated with
only one hand; and they are good for securlng plug-in
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6.7.3.7 Captive versus
removable

components, small components, and covers. However, they have
relatively low holding power, and they cannot be used where a
smooth surface is required.

6.7.3.6.1 Fre(%uent access. Quick fastening and releasing devices
shall be used for components that must be dismantled or removed
frequently.

6.7.3.6.2 Tools not required. Quick fastening and releasing
devices shall fasten and release easily without the use of tools.

6.7.3.6.3 Single motion. Quick fastening and releasing devices
shall operate with a single motion of the hand, for example,
requiring no more than one complete revolution.

6.7.3.6.4 Visual indication of state. Quick fastening and
releasing devices shall give a clear visual indication that they are
fastened or released.

6.7.3.6.5 Minimum turns. Wherever bolts or screws are used,
they shall be selected so that fastening them requires only the
minimum number of turns necessary to meet the closure and
structural requirements of the application.

Discussion. Bolts and screws requiring more than the
minimum number of turns may be excepted from this rule if
they are used to reduce the variety of fasteners in a unit of
equipment (see paragraph 6.7.1.8).

Captive fasteners can be time consuming and difficult to operate.
They usually require the use of a tool, but the tool can usually be

operated with one hand. The fasteners stay in place, thus saving

handling time and avoiding the possible loss of parts.

6.7.3.7.1 When to use. Captive fasteners shall be used whenever
dropping a fastener or a related part, such as a washer or bolt,
might cause damage or excessive loss of time.

6.7.3.7.2 Operation and replacement. Captive fasteners shall be
operable by hand or with common hand tools, and they shall be
easily replaceable if damaged.

6.7.3.7.3 "Quarter-turn™ fasteners. If "quarter-turn” type
fasteners are used, they shall be self-locking and spring-loaded.

6.7.3.7.4 Access covers. Access covers that are removed
frequently should have captive fasteners (see paragraph 6.5.8.4
for covers).

6.7.3.7.5 Small removable pins, caps, and covers. Small
removable pins, caps, and covers should be attached, probably
with a retainer chain, so that they are not lost or dropped into the
equipment.

6.7.3.7.6 Mounting bolts. Mounting bolts should be semi-
permanently captive, perhaps by means of "snap-on" collars.
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6.7.4 Labeling,
marking, and coding

6.8 Connectors

6.8.1 General

[m]

6.7.4.1 Mounting bolts. Bolts that mount units of equipment
should be color coded or perhaps embossed with the letter "M" to
distinguish them from other visible fasteners.

6.7.4.2 Fasteners requiring torquing. Fasteners that require a
precise torque should have labels on or near the fasteners stating the
required torque value and the torquing sequence.

6.7.4.3 Durability of marking. If fasteners are marked or coded,
the marks or codes shall withstand exposure to any chemicals,
fuels, weather, or other adverse conditions in their ambient
environment.

6.7.4.4 Consistent coding. If a coding system for fasteners is
used, it shall be consistent throughout a unit of equipment and for
similar or related units of equipment.

This section contains criteria and guidelines for various types of
connectors (plug-in, threaded, and quick-action), for the location
and accessibility of connectors, and for alignment aids. It also
contains criteria and guidelines specific to electrical connectors
and to fluid and gas connectors, including criteria and guidelines for
their labeling and marking.

Definition. A connector is a piece of hardware that joins
or attaches lines or cables to other lines or cables or to
units of equipment. The term is used rather loosely to
refer to either of the two parts that mate with each other
and to the plug that mates with a receptacle.

6.8.1.1 Fast, easy operation. Connectors shall be selected or
designed to permit fast, easy maintenance operations, including
such tasks as testing, servicing, removing, and replacing units of
equipment and components.

6.8.1.2 Safety. Connectors shall be selected or designed to ensure
the safety of maintainers and equipment from pressures, contents,
or volt)ages, during the release of connectors (see paragraph
12.6.2).

6.8.1.3 Hand or common tool operation. Connectors shall be
?]eleé:ted ?r designed to permit operation by hand or by common
and tools.

6.8.1.4 Compatibility. Connectors shall be selected or designed to
be compatible with their associated lines and cables, fasteners,
mounting, environmental extremes, and maintenance routines.
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6.8.2 Types
6.8.2.1 Distinctive

6.8.2.2 Plug-in

6.8.2.3 Threaded

6.8.1.5 Protection of connectors. If a connector is susceptible to
damage, it shall be protected by one or more of the following
measures: (1) recessing the receptacle, (2) recessing delicate parts
such as pins and keys within the connector, and ?3) providing a
protective cap, insert, cover, case, or shield.

6.8.1.6 Ca||otive covers. If a connector has a protective cover, the
cover shall be of the captive type.

6.8.2.1.1 Distinctive types. Connectors for lines serving different
functions, for example, fuel lines and water lines, or electrical
power lines and radio-frequency si?nal lines, shall be
distinctively different and physically incompatible (same as
paragraph 12.6.2).

6.8.2.1.2 Preventing mismating. Connectors serving the same or
similar functions shall be selected or designed to minimize the
likelihood of mismating.

Discussion. Preferably this will be accomplished by
makin? the connectors physically incompatible, for
example, by using connectors of different sizes or by
using alignment pins or keys. If that is not feasible,
coding by color may be acceptable.

Plug-in connectors are the easiest and least time consuming to
use, but they have low holding power. They are particularly
convenient where frequent connection and disconnection is
required.

6.8.2.2.1 When to use. If a line or cable is Iikel?/ to be connected
and disconnected frequently, and if the line or cable is not likely to
be pulled accidentally, plug-in connectors should be used.

6.8.2.2.2 Preventing damage. Plug-in connectors and their
receptacles shall be selected or designed so that the plug cannot
be inserted into a receptacle that it does not match. An attempt to
insert a plug into a nonmatching receptacle shall damage neither
the plug nor the receptacle.

Threaded connectors provide very secure connections,
particularly when locked in place with set screws, retainers, or
safety wires. The?/ are more time consuming to connect and
disconnect than plug-in connectors.

6.8.2.3.1 Ease of operation. Threaded connectors shall be
selected or designed so that they meet the holding requirements
for the connection with a minimum number of turns.
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6.8.2.4 Quick-action

6.8.3 Location and
accessibility

Quick_—actipn con_nekctorg are, as their Exhibit 6.8.2.4

name implies, quick and easy to use. e
They include connectors that operate in Example of a quick
one of the following ways; (1) by a snap action connector

action, (2) by rotating the connector up
to one complete turn, (3) by triggering a
latch or spring device, and (4) by

removal of an external pin. Exhibit \ 3 %
6.8.2.4 illustrates a common type of

quick-action connector, one that operates

with a quarter-turn rotation.

6.8.2.4.1 When to use. Quick-action connectors shall be used
when units of equipment or components must be connected or
disconnected frequently or when connection and disconnection
must be completed quickly, provided that they meet all other
requirements for the connection, such as holding or sealing.

6.8.2.4.2 Self-locking. Quick-action connectors shall have self-
locking catches that prevent loosening and ensure a secure
connection.

6.8.3.1 Visual and physical access. Connectors shall be located
so that maintainers can see, reach, connect, and disconnect them
easily and safely.

6.8.3.2 Unobstructed access. Connectors shall be located so that
they can be seen and reached without the disassembly or removal of
other equipment or components.

6.8.3.3 Relative accessibility. The connectors that are connected
and disconnected most frequently shall be the most accessible.

6.8.3.4 Full access. The rear of plug connectors shall be
accessible for testing and servicing.

6.8.3.5 Protected from dislodging and damage. Connectors
shall be located so that theﬁ_are not dislodged or damaged by the
movement of people or objects in their vicinity.

6.8.3.6 Minimum spacing. The space between a connector and

any other connector or obstruction shall be sufficient to permit

the connector to be grasped as firmly as necessarP/ for connecting
e

and disconnecting 1t. This spacing shall be at least:

a. 25 mm (1 in) if the connector is operated with bare
fingers,

b. 32 mm (1.25 in) if the connector is operated with gloved
fingers,
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6.8.4 Alignment aids

C. 64dmm (2.5 in) if the connector must be "gripped firmly,"
an

d. zS r(rjlm (3 in) if the connector is operated with mittened
ands.

Clearance shall be measured from the outermost portion of the
connector, that is, from the backshell, strain relief clamp, dust
cover, or electromagnetic interference shield or radio frequency
interference shield, If they exist, and it shall permit a rotation of
at least 270°.

6.8.3.7 Space for wrench. If the connector requires high torque,
there shall be enough space around it to permit use of a wrench.

6.8.4.1 Preventing misalignment. Wherever a particular
orientation of a connector Is required, the connector and its
receptacle shall be provided with an alignin? device, such as a
pin or key way, that prevents the connector from being inserted in
any but the correct orientation.

Discussion. Even when an alignment device is provided,
care must be taken to ensure that the connector is not
symmetric, which would permit connection 180° from the
correct orientation.

6.8.4.2 Alignment before contact. Alignment devices shall
ensure that correct alignment is achieved before electrical contact is
made (same as paragraph 6.8.5.1.3).

6.8.4.3 Aliﬂning the alignment devices. If a unit of equipment
has more than one connector having the same sort of alignment
device, all of those connectors shall be oriented so that the
alignment device is in the same relative position. For example,
all alignment keys might be at the top.

6.8.4.4 Alignment coding. If a connector has an alignment
device, the connector shall be durably marked or coded to show
the position of the alignment device. Methods for marking or
coding i;](:lude painted stripes and arrows (same as paragraph
6.8.8.11).

6.8.4.5 Alignment of drawer connectors. If a module or unit of
equipment is mounted in a drawer with a connector at the back
that mates with a connector in the rack, guide pins or other
alignment devices shall be provided to ensure proper mating.
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6.8.5 Electrical
connections

6.8.5.1 Plugs and
receptacles

o 6.8.5.1.1 Fast, easy connection. Unless ‘precluded by other
requirements, electrical connectors should be of the plug-in or
quick-action types.

= 6.85.1.2 Prevention of insertion errors. Electrical plugs shall
be selected or designed so that it is physically impossible to insert a
plug in the wrong receptacle or to insert it into a receptacle the
wrong way. Some ways in which this can be accomplished are:

a. Use plugs with polarized prongs or prongs of different
sizes,
b. Use plugs having different numbers of pins or different

configurations of pins, and
C. Use plugs of different sizes.

= 6.8.5.1.3 Alignment before contact. Alignment devices shall
ensure that correct alignment is achieved before electrical contact is
made (same as paragraph 6.8.4.2).

= 6.85.1.4 Few plugs, many contacts. Where applicable, electrical
connections shall be accomplished by using few connectors with
many contacts rather than many connectors with few contacts.

= 6.8.5.1.5 "Hot" leads. Wiring shall be routed through plugs and
receptacles so that "hot" leads are not exposed in either the plug
or2 the recgptacle when they are disconnected (same as paragraph
12.4.1.17).

m 6.8.5.1.6 "Cold" plugs. Wiring shall be routed so that
receptacles are "hot," and plugs are "cold" when they are
disconnected.

= 6.8.5.1.7 Electrical charges. Disconnected ﬁlugs and leads shall
not expose maintainers to stored electrical charges.

o 6.8.5.1.8 Self-locking or latching. Electrical connectors should
be self-locking or should have safety catches; they should not
require safety wire.

o 6.85.1.9 Insertion force. Electrical connectors should require
low insertion forces to minimize the possibility of damaging the
connector or injuring the maintainer.

= 6.8.5.1.10 Durability. Plugs and pins shall be selected or
designed to withstand rough use.
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6.8.5.2 Wire
connections

6.8.5.1.11 Nonshorting contacts. Connectors shall be selected or
dgs_lgned so that electrical contacts cannot be shorted by external
objects.

6.8.5.1.12 Pin identification. Each pin on each plug shall be
clearly identified or coded, using labels or color or shape coding.

6.8.5.1.13 Test points. If test points are required to measure
inputs or outputs that cannot be easily checked otherwise, they
should be provided: (1) on the plug itself, or (2) on an adapter
that can be inserted between the plug and the receptacle (see
paragraph 6.14.4.4 for additional information and exhibits
6.14.4.4 (a) and (b) for illustrations of a plug with test points and an
adaptor with test points, respectively).

6.8.5.1.14 Disassembly by hand or using common hand tools.
The disassembly of connectors to change pin connections should
not require the use of special tools; it should be possible by hand or
with the use of common hand tools.

6.8.5.1.15 Drawer module connectors. Units of equipment that
are mounted in drawers and that do not require that connections
be maintained when the drawer is extended, shall be provided
with plugs mounted on the back of the drawer. These plugs shall
have alignment guides that allow the unit to be slid back into
place and mate with receptacles in the cabinet to accomplish
whatever electrical interconnections among the drawer, other
equipment in the cabinet, and external connections are required.

This section contains criteria and guidelines governing the
arrangement and attachment of individual wires. Lu?s and
crimp-on devices are preferable to wire-wrap, pig tailing, and
soldering for connecting or splicing individual wires. Soldering
provides the most secure connection, but it is also the most time-
consuming.

6.8.5.2.1 Length of leads. Leads shall be as short as possible but
long enough to allow all of the following that apply (same as
paragraph 6.9.1.2.5):

a. easy connection and disconnection, with enough slack to
back the wire away from the point of attachment to
facilitate removal of the unit,

b. sufficient slack for at least two (preferably six) _
replacements of terminal fittings, electrical considerations
permitting,

C. movements of parts to which they may be attached (doors,
covers, and the like) without undue stress or bending,

d. connection, disconnection, or movement without requiring a
Ibenddlng dradlus of less than six times the diameter of the
ead, an
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e. movement of units that are difficult to handle in their
mounted position to a more convenient position for
connection or disconnection.

6.8.5.2.2 Spacing of leads. It shall be easy for maintainers to
perform any necessary operations on leads, in particular
connecting and disconnecting them. This may be accomplished
by adequate SEacing of the terminals to which they are attached
(see paragraph 6.8.5.2.9), or by ensuring that the leads are long
enough that they can be separated by the maintainer (see
paragraph 6.8.5.2.1).

6.8.5.2.3 Cable "fan out." The Exhibit 6.8.5.2.3 Fanning
wires in cables shall "fan out,”  J \+ .opjac
see exhibit 6.8.5.2.3, so that the

individual wires can be attached
to junction boxes, terminal
blocks, or other mounts. Each
attachment point shall be easily
identifiable and easy to reach =
with test probes (same as
paragraph 6.9.1.1.5).

-

7ddddEnen
29399299pp

—

6.8.5.2.4 Extra wire length. If
wires terminate in lugs or crimp-

on devices, the wires shall be e
long enough to permit at least six EXh.'b't 6.8.5.2.4 Example of
replacements of the devices. a crimp-on splice

Exhibit 6.8.5.2.4 illustrates an
example of a crimp-on splice.

6.8.5.2.5 Clamping insulation.
Lugs and crimp-on devices shall
clamp the insulation as well as the
conductor.

6.8.5.2.6_Compatibility of lugs with terminals. Lugs shall be
compatible with terminal post requirements.

g.s.s.zg L{hlu%a Uéllljgs s(hould Exhibit 6.8.5.2.7 Examples
e used rather than O-lugs (or eye - -
lugs). Exhibit 6.85.2.7 illustrates 22 Y-1ug and an O-lug

a U-lug and an O-lug. Use this Not this

6.8.5.2.8 Soldered connections. ,E
Soldered connections shall be 7,
compatible with terminal post

requirements.

6.8.5.2.9 Spacing of terminals. Terminals to which wires are to be
soldered shall be far enough apart that work on one terminal does
not damage neighboring terminals or nearby parts (same as
paragraph 6.10.3.1.6).
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6.8.6 Fluid and
gasline connections

6.8.7 Gaskets and
seals

6.8.5.2.10 Length of terminals. Terminals or other connections
to which wires are soldered shall be long enough that soldering
does not damage anything nearby.

6.8.5.2.11 Soldered wires. The end of a wire soldered to a
terminal shall extend beyond the solder so that the wire will be
easy to remove.

6.8.5.2.12 Wire wrapping or pig tailing. Wire wrapping and pig
tailing shall not be used unless authorized by the acquisition
program office.

6.8.6.1 Connectors for rigid lines. Connectors for rigid fluid
and gas lines shall be located and installed so that it is not
necessary to back the lines off or remove other equipment or
components to connect or disconnect the connectors (see
paragraph 6.9.2.2.2).

Discussion. Protruding gaskets or seals might be
susceptible to damage, and that damage might spread
internally, destroying the seal. Tapered nylon or Teflon
washers of appropriate size can be employed to prevent
extrusion.

6.8.6.2 Draining and filling. Fluid and gas line connectors shall
be located and installed so that draining, filling, and other
maintenance involving the connectors or lines can be
accomplished without jacking up the equipment.

6.8.6.3 Leakage tests. Fluid and gas line connectors shall be
located and installed so that leakage tests can be performed easily
and without danger to the maintainer or the equipment (see
section 12.6).

6.8.6.4 Control of leakage and spillage. Fluid and gas line
connectors shall be selected or designed so that leakage and
accidental spillage during connection and disconnection are
prevented or controlled so that they do not injure maintainers or
damage equipment (see section 12.6).

6.8.6.5 Exposure to noise and vibration. Fluid and gas line
connectors shall be located and installed so that maintenance
activities involving them do not require that the maintainer be
expos;ad to extreme noise, vibration, or other danger (see section
12.12).

6.8.7.1 Replaceable, renewable gaskets and seals. Gaskets and
seals used in connectors for fluid and gas lines shall be selected
and installed to be replaceable or to have renewable wearing
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6.8.8 Labeling,
marking, and coding

surfaces; it shall not be necessary to discard the connector when
the seal is damaged or worn.

6.8.7.2 Repair and replacement of gaskets and seals. Gaskets
and seals used in connectors for fluid and gas lines shall be easily
inserted and removed, without requiring the removal of other
connector parts or the disassembly of other equipment.

6.8.7.3 ldentifiability of gaskets and seals. Part numbers for
gaskets and seals used in connectors for fluid and gas lines shall
be easily identifiable. This may be accomplished through
labeling, coding, marking, or user documentation.

6.8.7.4 Life expectancy of gaskets and seals. Job instructions
shall state the life expectancy of gaskets and seals and
recommend when they should be changed.

6.8.7.5 Prevent entrance of air. If the entrance of air into a
disconnected fluid or gas line would create a maintenance
problem, as for example, in a hydraulic line, gaskets and seals
used in connectors shall prevent the entrance of air when the line is
disconnected.

6.8.7.6 Tightening to offset shrinkage. If a gasket or seal used
in a fluid or gas line connector is subject to shrinkage, the
connector shall permit tightening to offset the shrinkage.

6.8.7.7 Visibilit?/. Gaskets and seals used in fluid and gas line
connectors shall be visible after they are installed so that
maintainers can see that the gasket or seal is present (same as
paragraph 6.9.2.1.3).

6.8.7.8 Nonprotrusion. Gaskets and seals used in fluid and gas
connectors shall not protrude beyond the coupling (same as
paragraph 6.9.2.1.4).

Discussion. Protruding gaskets or seals might be
susceptible to damage, and that damage might spread
internally, destroying the seal. Tapered nylon or Teflon
washers of appropriate size can be employed to prevent
extrusion.

Coding and identifying connectors and associated parts can
expedite maintenance and troubleshooting procedures by keying
the connectors to references in job instructions and by identifying
replaceable parts for ordering. Labeling, marking and coding can
also provide appropriate warnings and cautions.

6.8.8.1 Matching connectors or plugs and receptacles. Each
connector or plug and its corresponding connector or receptacle
shall be labeled or coded so that the two parts are easily matched.

6.8.8.2 Noninterchangeable connectors. Noninterchangeable
connectors shall be labeled or coded so that they are cIearIP/
distinguishable. Coding methods include shape, size, and color.
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6.9 Lines and
cables

6.8.8.3 Matching wires to terminals or pins. Each wireina
connector or receptacle shall be clearly identified with its
terminal post or pin.

6.8.8.4 ldentification of terminals on terminal strips or blocks.
Terminals on terminal strips or blocks shall be identified on the
terminal strip or block itself or on the chassis, adjacent to the
terminals (same as paragraphs 6.9.1.8.3 and 6.10.5.8).

6.8.8.5 Visibility of codes and labels. Labels or codes associated
with connectors shall be located so that:

a. they are clearly visible during maintenance,

b. they are visible whether the connector is connected or
disconnected, and

C. tﬂe connectors can be identified without disconnecting
them.

6.8.8.6 Location of labels and codes -- connectors. Labels and

codes on connectors shall be located, in order of preference, (1)
directly on the connector, (2) on plates permanently attached to
the connector, or (3) on tabs or tapes attached to the connector.

6.8.8.7 Location of labels and codes -- receptacles. Labels and
codes for receptacles shall be located, in order of preference, (1)
directly on the receptacle, (2) on the surface or panel immediately
adjacent to the receptacle or, if it is recessed, adjacent to its
access opening.

6.8.8.8 Consistency of labels and codes. Labels and codes on
connectors shall be consistent with labels and codes on associated
items, such as pins, terminals, and receptacles.

6.8.8.9 Warnings and cautions. If any hazard to maintainers or
equipment exists in the connection or disconnection of a
connector, the connector shall be labeled or coded with an
appropriate warning or caution.

6.8.8.10 Marking electrical connections. Marking adjacent to
plugs, jacks and other electrical connectors shall identify the
connected circuits to preclude cross connections.

6.8.8.11 Alignment coding. If a connector has an alignment
device, it shall be durably marked or coded to show the position
of the alignment device. Methods for marking or coding include
painted stripes and arrows (same as paragraph 6.8.4.4).

General criteria and guidelines for lines and cables are given in
this section. The routing and mounting of electrical cables
(including extension and mock-up cables) and fluid and gas lines are
covered, as well as their labeling and marking.
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6.9.1 Electrical
6.9.1.1 General

Definitions. A cable is a number of lines bound together
within a single, permanent sheath. A line is any single
length of pipe, wire, or tubing.

Lines and cables most often end in connectors, and some criteria and
guidelines regarding connectors are also given in this section. See
section 6.8 for detailed information pertaining to connectors.

6.9.1.1.1 Selection. Lines and cables shall be selected, designed,
bound, mounted, and routed to:

a. preclude wear out, breakage, or damage,

b. facilitate logical and efficient divisions of maintenance
responsibilities, and

C. allow maintainers to quickly and easily: (1) troubleshoot,
test, check, and isolate malfunctions, (2) remove, repair,
and replace other units of equipment and components, and
(3) connect and disconnect lines and cables.

6.9.1.1.2 Insulation. Clear plastic insulation should be used
where possible to allow rapid detection of internal breaks.

6.9.1.1.3 Minimization. Lines and cables should be designed to
minimize the number of:

a. types and varieties of lines and cables,
b. different lengths of otherwise identical lines or cables, and
C. related connectors, fittings, and fixtures.

6.9.1.1.4 Quick-action connections. When maintenance requires
that cables be connected or disconnected easily or frequently,
cables shall terminate in quick-action connectors.

6.9.1.1.5 Cable "fan out™. The wires in cables shall “fan out",
(see exhibit 6.8.5.2.3) so that the individual wires can be attached
to junction boxes, terminal blocks, or other mounts. Each
attachment point shall be easily identifiable and easy to reach
with test probes (same as paragraph 6.8.5.2.3).

6.9.1.1.6 Preformed cables. Preformed cables should be used
wherever possible to minimize wiring errors and allow for the use
of more flexible and efficient assembly methods. Spare lines should
be included to allow for growth and to speed wiring time as
agreed upon by the acquisition agency.
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m  6.9.1.1.7 Harnesses. When harnesses are used they shall:

a. be designed, fabricated, and installed as units,

b. be held securely with lacing twine or other means
acceptable to the user, and

C. keep the individual conductors essentially parallel, so they
do not intertwine, though twisted pairs may be used when
required.

= 6.9.1.1.8 Protection. Shields or other protection shall be
ﬁ_rowded for easily damaged conductors such as waveguides,
igh-frequency cables, and insulated high-voltage cables.

= 6.9.1.1.9 Exposed cables. Exposed cables shall be protected from
mechanical damage. For example, armored cables might be used
where damage is likely.

= 6.9.1.1.10 Special purpose cables. Cables intended for use in the
presence of nuclear, biological, or chemical hazards shall be
sealed.

= 6.9.1.1.11 Insect protection. If damage from termites is likely,
line and cable insulation shall be protected by coating it with
compounds of creosote, antimony, or other acceptable mixtures.

m  6.9.1.1.12 Fluid protection. All electrical lines and cables shall
be protected from oil, grease, fuel, hydraulic fluid, water or
cleaning solvents. These may damage insulation and may result
in injury to personnel.

= 6.9.1.1.13 Storage space. Exhibit 6.9.1.1.13 Cable winders

If long electrical cables
are required for auxiliary
power or test equipment,
storage space shall be
provided.

Example. Often, a
storage
compartment is
present, but no R
easy means is : NN
provided for BRI
coiling the wire

AN
g': %5‘-5 A
AR

o

into a shape and

size which will Eermit storage. A simple means of
accomplishing this is a cable winder, a device around
which the cable can be wrapped (see exhibit 6.9.1.1.13).

= 6.9.1.1.14 Use of grommets. When cables must pass over sharp
edges, insulation shall be protected from fraying or other damage by
grommets or equivalent means.
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6.9.1.2 Length of cables
and leads

6.9.1.2.1 Length of cables. If a circuit might be affected by
differences in the length of a cable, the length of cables should be
the same for each installation of a given type of electronic
equipment.

Discussion. Even if a unit can be adjusted to compensate
for differences in the length of the cable, using different
lengths of cable means that an adjustment made on the

bench might be out of tolerance when the unit is installed.

6.9.1.2.2 Extra cable. Cables shall be long enough so that a unit of
equipment can be moved to a convenient place for maintenance
activities; extension cables shall be provided if necessary.

6.9.1.2.3 Accessibility. Cables shall be long enough so that units of
equipment mounted in drawers and on slide-out racks can be
worked on without breaking electrical connections.

6.9.1.2.4 Cable length and connectors. Cables shall be long
enough so that connectors can be easily connected and
disconnected.

6.9.1.2.5 Length of leads. Lead lengths shall be as short as
possible but long enough to allow all of the following that apply
(see paragraph 6.8.5.2.1):

a. easy connection and disconnection, with enough slack to
back the wire away from the point of attachment to
facilitate removal of the unit,

b. sufficient slack for at least two (preferably six) _
replacements of terminal fittings, electrical considerations
permitting,

C. movements of parts to which they may be attached (doors,
covers, and the like) without undue stress or bending,

d. connection, disconnection, or movement without requiring a
Ibenddlng dradlus of less than six times the diameter of the
ead, an

e. movement of the units which are difficult to handle in
their mounted position to a more convenient position for
connection or disconnection.

6.9.1.2.6 Slack. Leads or cables to moving parts, doors, and
covers shall have adequate slack and protection so that they:

a. permit movement, such as pulling out a drawer for
maintenance, without breaking the electrical connection,

b. fold out of the way when the part is moved,
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C. are not pinched or otherwise damaged when the part is
returned to its original position (see exhibit 6.9.1.2.6 for
the use of springs and cable mechanisms to prevent
pinching),

Exhibit 6.9.1.2.6 Recoiling slack cable

¢— Cabinet

Spring

Cable

Coiled cable with
internal coil spring

Slide

d. do not chafe or break under the repeated flexing required.

6.9.1.3 Routing and
mounting

= 6.9.1.3.1 Routing considerations. Lines and cables shall be
routed so they will not be:

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

b. walked on or rolled over by heavy traffic,

c. used for hand- or foot-holds (a protective guard should be
placed over the cables where the possibility of such use
exists), or

d. bent or sharply twisted.

m  6.9.1.3.2 Combining lines. The layout and routing of lines shall be
determined during design and made as simple and functionally
logical as possible by combining lines into cables (preferable) or
combining lines into harnesses if cables are not used.

= 6.9.1.3.3 Segregate conductors. Conductors shall be se(a;regated
into cables or harnesses according to their functions an
relationships to replaceable equipment.

= 6.9.1.3.4 Routing over pipes. Electrical wires and cables shall be
mounted above, rather than under, pipes or fluid containers.
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m 69135 Lightly insulated wires. Lines and cables that are
Iightlydinsulated shall be at least 19 mm (0.75 in) from a potential
ground.

m 6.9.1.3.6 Protection. Raceways, stuffing tubes, conduit, junction
boxes, and insulation shall be provided as necessary to obtain the
required degree of protection, security of mounting, and ease of
maintenance.

® 6.9.1.3.7 Visual and physical access. Lines, cables, and wire
harnesses shall be routed so that they are readily accessible for
inspection and repair, especially at points of connection, splicing,
and testing.

= 6.9.1.3.8 Unobstructed access. Lines and cables shall be
accessible without requiring disassembly or removal of other
equipment or components.

= 6.9.1.3.9 Replacement. Lines and cables shall be accessible
throughout their route for removal and replacement if they are
damaged.

= 6.9.1.3.10 Areas to avoid. High voltage lines and cables shall be
routed away from sensitive equipment, high temperature sources,
work areas, controls, and the like.

= 6.9.1.3.11 Ease of maintenance. Line and cable routing shall
facilitate maintenance by ensuring that each unit of equipment can
be moved to a convenient place for maintenance activities;
extension cables shall be provided if necessary.

= 6.9.1.3.12 Nonobstruction. Line and cable routing shall not
obstruct visual or physical access to equipment for operation or
maintenance.

= 6.9.1.3.13 Remote switches. Lines and cables shall not be routed
through remote switches which may be turned on and off
inadvertently while maintenance is being performed.

®  6.9.1.3.14 Cables within racks. Cables shall not be terminated or
mounted on the front of cabinets, control panels, display panels,
or on the face of equipment racks. Test cables are an exception
to this criterion (see paragraph 6.9.1.6.4).

= 6.9.1.3.15 Shortest route. Lines and cables shall be routed over the
shortest runs allowable by lead, mounting, and other
requirements.

6.9.1.4 Leads
= 6.9.1.4.1 No weight-bearing. Leads shall be mounted so that
they do not bear the weight of cables, harnesses, or other
components.

= 6.9.1.4.2 Support. Leads shall be mounted so that they are
supported at splices and points of connection.
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6.9.1.5 Clamps and
mounting plates

6.9.1.4.3 Orientation. Where possible, leads shall be mounted so
that they are oriented in a way that prevents erroneous connection
or "crossing”.

6.9.1.4.4 No flexing. Leads shall be mounted so that they do not
allow flexing at weak areas, for example, at splices, solder points,
points where the conductor is bare or crimped, or points where
strands are tinned together.

6.9.1.4.5 Signal checks. Signal flow checks shall be made
osgible by the appropriate arrangement, location, and mounting of
eads.

6.9.1.5.1 Snug fit. Clamps and mounting plates shall fit snugly
without deforming or crimping the line or cable.

6.9.1.5.2 Spacing. Clamps and mounting plates shall be operable
by hand or with common hand tools.

6.9.1.5.3 Special clamps.
Quick-release clamps
(hinged or spring) shall be

Exhibit 6.9.1.5.3 Quick-release
clamps, hinged and spring

used if cables are removed
frequently. Hinged clamps
are preferable for non-
overhead mounting, {
because they support the

weight of the line during
maintenance, freeing the
maintainer’s hands for
other tasks. Exhibit
6.9.1.5.3 shows these two

types of clamps.

Discussion. For overhead mounting, a spring clamp with a
hinged, locking latch over the clamp’s open side is
preferable because it would help prevent accidents.

6.9.1.5.4 Placement. Clamps and mounting plates shall be located
?t both ends of bends where the bending radius is 75 mm (3 in) or
ess.

6.9.1.5.5 Unsupported cable. Lengths of cable or wire longer
than 300 mm (12 in) shall be attached to the equipment chassis by
means of clamps, unless contained in wiring ducts or cable
retractors.

6.9.1.5.6 Visibility of clamps. All clamps shall be visible when
equipment is installed.

6-62 FAA Human Factors Program

January 15, 1996



HFDG

6 Designing equipment for maintenance

6.9.1.6 Test and
extension cables

6.9.1.5.7 Mechanically-mounted clamps. If a wire or cable is
not routed th_rou?h a wiring duct or conduit, it shall be attached
with mechanically-mounted (not adhesive) cable clamps.

Discussion. Mechanically-mounted clamps can ensure the
correct routing of electrical cables within and between
units of equipment. They can also: (1) ensure that cables do
not hinder or obstruct equipment maintenance, (2) prevent
chafing due to contact with an adjacent surface, and (3)
facilitate the mating of cables with their associated
equipment.

6.9.1.5.8 Nonconductive. Clamps and mounting plates that
secure a conductor shall be nonconductive or properly insulated.

Test and extension cables need to be planned, designed, and
provided to increase the efficiency and ease of maintenance.

6.9.1.6.1 Easy access. Test and extension cables shall allow
eqmﬂment and components to be moved to a convenient location
for the performance of maintenance activities.

6.9.1.6.2 Multiple related functions. Test and extension cables
should serve as many related functions as possible, but should
avoid the possibility of misuse or misconnection.

6.9.1.6.3 Support equipment. Test and extension cables shall
permit support equipment to be placed in a convenient location.

6.9.1.6.4 Noninterference. If it is essential that test cables
terminate on control and display panels, the panel test receptacles
shall be located so that the test cables will not visually or
physically interfere with operational controls and displays.

6.9.1.6.5 Storage provisions. Adequate storage shall be provided
for test and extension cables. For example, racks, hooks, or cable
winders might be provided within the storage place.

6.9.1.6.6 Handling devices for cable. Exhibit 6.9.1.6.6

Reels or reel carts shall be provided for Line and cable reel
handling large, heavy, or long lines of
cable. Exhibit 6.9.1.6.6 shows an carts
example of a line and cable reel cart.

6.9.1.6.7 Automatic rewind. If reels or
reel carts are Brovided, they should
rewind the cable automatically, when
possible.
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6.9.1.7 Bench mockup
cables

6.9.1.8 Labeling,
marking, and coding

6.9.1.6.8 Mobile support. If Exhibit6.9.1.6.8 Line
especially large lines or cables must and cable mobile support

be moved frequently, wheels or other
mobile supports shall be provided.
Exhibit 6.9.1.6.7 shows an example
of a line and cable mobile support.

6.9.1.7.1 Extension cables. Bench mockups shall have extension
cables for all units so that the units can be removed from the
bench mockup for the performance of maintenance activities
(same as paragraph 6.15.6.3).

6.9.1.7.2 Connectors on mockup cables. Bench mockup cables
shall have connectors that require only a strong push or pull to
connect or disconnect them. Bench mockup cables are not subject to
strong vibration or shock, but they are connected and
disconnected frequently (same as paragraph 6.15.6.4).

6.9.1.7.3 Coverings. Mockup cables shall have an extra-heavy
covering gfor example, vinyl tubing) to protect them from wear
resulting from frequent connection and disconnection (same as
paragraph 6.15.6.5).

6.9.1.7.4 Checkin? signal flow. Bench mockup cables, including
extension cables for units of equipment, shall have test points to
check th)e signal flow through each wire (same as paragraph
6.15.6.6).

Examples. One method for accomplishing this is to
provide test points at the connector; another Is to provide
test points on the junction boxes or terminal strips.

6.9.1.8.1 Coding wire. Insulated wire, cables, and electrical
connectors shall be color- or number-coded in accordance with
standards (for example, MIL-STD-195 and MIL-STD-681)
acceptable to the acquisition agency.

Discussion. Number-coded wire, cables, and electrical
connectors are preferred so that maintainers who have

roblems discriminating various colors may be able to
Identify these items.

6.9.1.8.2 ldentification. Cables shall be labeled to indicate the
e(w_lpment with which they are associated and the connectors with
which they mate.
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= 6.9.1.8.3 ldentification of terminals on terminal strips or
blocks. Terminals on terminal strips or blocks shall be identified on
the terminal strip or block itself or on the chassis, adjacent to the
terminals (same as paragraphs 6.8.8.4 and 6.10.5.8).

= 6.9.1.8.4 Methods of color- Exhibit 6.9.1.8.4 Electrical cable
coding. Conductors shall be  ¢gijng
color-coded using, in order of

preference, (1) solid-color Number of Basi
insulation, (2) solid-color Contuctor coor Tracer
insulation with a colored-
stripe tracer, or (3) color braid
insulation with a woven tracer. 1 Black None
2 White None
Explanatiﬁn. Exhibit 3 Red  None
6.9.1.8.4 shows 21
discriminably different : Sﬁgﬁge None
attern variations 6 Blue  None
ased on different
insulation and tracer 7 White Black
colors. For more than 8 Red Black
21 wires, see MIL- 9 Green Black
STD-686. If a wire’s 10 Orange Black
color coding is 11 Blue  Black
susceptible to 12 Black White
becoming obscured,

wires may be coded
with numbered metal tags.

= 6.9.1.85 Cableswithin a sheath. Cables containing individually
insulated conductors with a common sheath shall be coded. The
Icodinrg]g shall be repeated every 300 mm (12 in) along their entire
ength.

= 6.9.1.8.6 Coding for orientation. Coding by such means as color
or labels shall identify the correct item and its proper orientation
or replacement.

= 6.9.1.8.7 Color-coded values for fixed resistors and small
capacitors. Fixed resistors and small capacitors shall be color-
coded in accordance with exhibit 6.9.1.8.7. For fixed resistors
(starting at the left-hand side), the first and second bands are for
significant values, the third band is for the multiplier, and the
fourth band signifies the tolerance value. The extra color band on
the capacitor indicates the temperature coefficient.

Example. If a resistor is coded blue, gray, blue, and black
(from left to right), its resistance is equal to
68MQ= 20%.
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6.9.2 Fluid and gas
lines

6.9.2.1 General

Exhibit 6.9.1.8.7 Values for color-coded fixed resistors and small
capacitors

Significant
figures Color Multiplier Color Tolerance

0 Black 1 Black or +20%
1 Brown 10 no color
2 Red 100 Silver +10%
3 Orange 1,000 Gold + 5%
4 Yellow 10,000
5 Green 100,000
6 Blue 1,000,000
7 Violet --
8 Gray --
9 White --
-- Gold .
-- Silver 0.01

6.9.2.1.1 Use of flexible tubing. Flexible tubing should be used
instead of rigid lines, because It allows more flexibility in
handling, can be backed-off easily, and is easier to thread through
equipment when replacement is required.

6.9.2.1.2 Use of flexible hose. Flexible hose should be used
rather than pipes or tubing where minimum space is available for
removing, handling, or replacing lines.

6.9.2.1.3 Visibility. Gaskets ~Exhibit6.9.2.1.3 Externally visible

and seals used in fluid and  seals
gas line connectors shall be

visible after they are
installed so that maintainers
can see that the gasket or
seal is present as illustrated
in exhibit 6.9.2.1.3 Ssame
as paragraph 6.8.7.7).

Seal
6.9.2.1.4 Nonprotrusion.
Gaskets and seals used in
fluid and gas connectors
shall not protrude beyond

the coupling (same as paragraph 6.8.7.8).
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6.9.2.2 Routing and
mounting

Discussion. Protruding gaskets and seals might be
susceptible to damage, and that damage might spread
internally, destroying the seal. Tapered nylon or Teflon
washers of appropriate size can be employed to prevent
extrusion.

6.9.2.1.5 Quick-action connectors. Quick-action connectors
shall be used on lines that require frequent disconnection.

6.9.2.1.6 Preventing leakage. When quick-action connectors are
used, self-sealing features should be dprowded to prevent leakage
of fluid when the line is disconnected.

6.9.2.1.7 Standardized fittings. To avoid the possibility of
mismating connectors during service or maintenance, fittings
shall be standardized so that lines that differ in the substances
they carry cannot be interchanged.

6.9.2.1.8 Avoiding spraying fluids. Lines shall be kept from
spraying or draining fluid on personnel or equipment during
disconnection by locating connections away from work areas and
sensitive components, shielding sensitive components where
required, and providing drains and bleed fittings so lines can be
drained or depressurized before they are disconnected (same as
paragraph 12.6.4).

6.9.2.1.9 High-pressure lines. Systems that contain liquids or
high pressure gases (pressures exceeding 125 psi) shall be
provided with i1solation or disconnect valves to permit isolation
for servicing and to aid in leak detection.

6.9.2.1.10 Cutoff valves. Cutoff valves shall be provided at
appropriate locations in the system to permit isolation or drainage of
the system for maintenance and during emergencies.

6.9.2.1.11 Avoiding drainage problems. Drainage problems
shall be avoided by:

a. designing lines so they can be emptied completely if
necessary,

b. making bends horizontal, rather than vertical, to avoid
fluid traps,

C. avoiding low points or dips in lines that make them

difficult to drain, and

d. providing special drains where low points do occur.

6.9.2.2.1 Accessibility. Fluid and gas lines mounted in cable trays
shall be located for ready access.
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o 6.9.2.2.2 Disconnecting. Fluid lines should be mounted and
installed so that rigid lines with connectors do not have to be
backed)—off before they can be disconnected (see paragraph
6.8.6.1).

= 6.9.2.2.3 Areas to avoid. High pressure lines and cables shall be
routed away from sensitive equipment, high temperature sources,
work areas, controls, and the like.

= 6.9.2.2.4 Fuel lines. Fuel lines shall be routed below electrical
cables and hot pipes.

= 6.9.2.2.5 Heat resistant liners. If fluid and gas lines are likely to
become extremely hot, clamps and mounting plates shall be lined
with heat resistant material so the maintainer will not be burned.

o 6.9.2.2.6 Avoiding line Kinking. Fluid and gas lines should be
installed and mounted with sufficient clearance from surrounding
equipment and structures to allow the maintainer to disconnect
and remove the lines without bending or kinking them.

6.9.2.3 Clamps and
supports

m  6.9.23.1 External service supports. Unmounted lines attached
to equipment ifor example, lines from external service or test
equipment or lines attached for other purposes) shall have
supports capable of withstanding:

a. the initial surges of pressure through the line,
b. the weight of external extensions, and
C. the wear and tear of handling and repeated connection and

disconnection.

m 6.9.23.2 Spring clamps. Spring clamps shall be used to mount
tubing and fluid pipes that may require frequent removal and
replacement.

Discussion. For overhead mounting, a spring clamp shall
be used with a hinged-locking latch over the clamp’s open
side to prevent accidents (see paragraph 6.9.1.5.3).

6.9.2.4 Labeling,
marking, and coding

m  6.9.24.1 Fluid conductor coding. Fluid conductors shall be
either color coded (see exhibit 6.9.2.4.1), or coded by metal tags.
Metal tags shall be used where adverse conditions (such as grease or
mud) could obscure colors; otherwise, color coding shall be used.
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Exhibit 6.9.2.4.1 Color coding of fluid conductors

Valve handwheels

Fed. Std 595 color

Contents and operating levers number and chip
Steam White 17886
Potable water Dark blue 15044
Nitrogen Light gray 16376
High pressure air Dark gray 16081
Low pressure air Tan 10324
Oxygen Light green 14449
Salt water Dark green 14062
Fuel oil Yellow 13538
Lube oil Yellow 13538
Fire protection Red 11105
Foam discharge Striped red/ 11105
green 14062
Gasoline Yellow 13538
Feedwater Light blue 15200
Hydraulic Orange 12246
Freon Dark purple 17100
Hydrogen Chartreuse 23814
Sewage Gold 17043

6.9.2.4.2 Valve color
coding. Valves shall
be color coded in
accordance with the
substances they
control or the
function the
perform. Exhibit
6.9.2.4.2 lists
recommended color
codes for valves by
substance.

Exhibit 6.9.2.4.2 Valve color coding

scheme

Contents Color

Fuel Red

Water injection Red -gray-red
Lubrication Yellow
Hydraulic Blue & yellow
Pneumatic Orange & blue
Instrument air Orange & gray
Coolant Blue

Breathing oxygen

Air conditioning
Fire protection
De-icing
Compressed gases
Electrical conduit

Green

Brown & gray
Brown

Gray

Orange

Brown & Orange
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= 6.9.2.4.3 Hydraulic and pneumatic line coding. Hydraulic and
pneumatic lines shall be coded based on arrangement, size, shape,
and color as necessary. Exhibit 6.9.2.4.3 lists color codes for lines

by function.

Exhibit 6.9.2.4.3 Hydraulic and pneumatic line color coding scheme

Charging pressure

Reduced pressure

Metered flow

Exhaust

Intake

Drain

Inactive

Intermittent
red

Intermittent
red
Yellow

Blue

Green

Green

Blank

Function Color Definition of function

Intensified pressure Black Pressure in excess of supply pressure induced
by booster or intensifier.

Supply pressure Red Pressure of the power-actuating fluid.

Pump-inlet pressure, higher than atmospheric
pressure.

Auxiliary pressure lower than supply pressure.
Fluid at a controlled flow rate (other than pump
delivery).

Return of the power-actuating fluid to reservoir.

Subatmospheric pressure, usually on the intake side
of the pump.

Return of leakage of control-actuating fluid to
reservoir.

Fluid within the circuit but not serving a functional
purpose during the phase being represented.

= 6.9.2.4.4 Label contents. Codes and labels shall be provided on, or
adjacent to, the line as necessary to indicate the direction of flow.

®  6.9.2.4.5 Valve position labeling.
Labels or other marking devices
shall be provided to clearly
designate the position of a valve
control. Exhibit 6.9.2.4.5
illustrates labeling of a valve

control.

Example. Arider, as
illustrated in exhibit

Exhibit 6.9.2.4.5 Value
position labeling

A
Open Close

Open
Closed

6.9.2.4.5, may be
attached to the shaft to
indicate the fully opened
and fully closed positions.
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6.10 Packaging,
layout, and
mounting of
internal
components

6.10.1 General

6.10.2 Packaging

Criteria and guidelines for the Packaging, layout, mounting,
labeling, and marking of internal modules, components, and parts
are given in this section. All of these can affect the ease or
difficulty of maintenance activities.

Definitions. A module is an assemblage of two or more
interconnected parts or components that comprise a single
physical and functional entity (for example, a printed
circuit board). It is this singular functionality that defines a
module. A component is a subdivision of a unit of
equipment that can be treated as an object by the
maintainer, but which can be further broken down into
parts. A mounting board together with its mounted parts
Is an example of a comEonent. A part is an object that
cannot normaldy be broken down further without
destroying its designated use. Fuses, resistors, and
capacitors are examples of parts. Packaging is the
grouping of functions, components, and parts Into units or
modules; layout is the physical arrangement of the parts
and components that make up a module or a unit of
equipment; mounting is the positioning and attachment of
parts, components, and modules.

6.10.1.1 Accessibility. Parts and modules on which maintenance is
performed shall be positioned so that the maintainer has complete
visual and physical access.

6.10.1.2 Minimize tool requirements. Parts and modules shall
be packaged, laid out, and mounted so that maintenance activities
require a minimum number and variety of tools, preferably only
common hand tools.

6.10.1.3 Minimize maintainer movement. Parts and modules
should be packaged, laid out, and mounted so that a minimum of
movement is required of the maintainer in carrying out
maintenance activities.

6.10.1.4 Organized by maintenance specialty. Parts and
modules should be packaged, laid out, and mounted so that
maintenance activities b?/ one maintenance specialist do not
require removal or handling of equipment or components
maintained by another specialist.

Dividing a unit of equipment into a number of separate modules
has several advantages: it can permit specialization by
maintainers; it can speed up corrective maintenance; and it can
make working on malfunctioning units easier.

Definition. Modularization is the separation of _
equipment into physically and functionally distinct units
that can be easily removed and replaced.
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6.10.2.1 Modularization

[m]

6.10.2.2 Modularization
methods

6.10.2.1.1 Modularization. Units of equipment should be divided
into as many modules as are electrically and mechanically practical
and feasible for maintenance (see also paragraph 6.1.2.7).

6.10.2.1.2 Single function. A module shall contain o_nl?/ parts that
contribute to a single function; it shall not provide multiple,
divergent functions.

6.10.2.1.3 Physical and functional interchangeability. If
modules are physically interchangeable, they shall also be
functionally interchangeable; if they are not functionally
interchangeable, they shall not be physically interchangeable.

6.10.2.1.4 Distinguishability of noninterchangeable modules.
Noninterchangeable modules shall be distinguishably different in
appearance, and this difference shall be apparent when the
module is in its installed position.

6.10.2.1.5 Unreliable components. If a module contains some
parts that are S|gn|f|cantlly less reliable than the remaining parts,
thedunlrellable parts should be accessible without removal of the
module.

6.10.2.1.6 Maintenance in installed location. Modules shall be
designed so that re(iuired maintenance can be performed with the
module in its installed position, without requiring disconnection,
disassembly, or removal of other modules.

6.10.2.1.7 Testing. Modules shall be designed to permit testing
when they are removed from their installed position, and they
shall require little or no calibration immediately after installation.

The breaking uh) of a unit of equipment into modules is done in
accordance with one or more of the following methods: (1)
logical flow packaging, (2) circuit packaging, or (3) component
packaging.

In logical flow packaging, circuits, parts, and components are
packaged and arranged in correspondence with their functional
relationships.

In circuit packaging, all parts of a single circuit or Iogicall?/ _
related group of parts, and only that circuit or group, are placed in
a separate module.

In component packaging, similar parts or components are located
together, for example, all the fuses or all the relays might be
grouped together.

6.10.2.2.1 Modularization method. The modularization of
equipment should be done using one or more of the following
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methods, in this order of preference: (1) logical flow packaging, (2)
circuit packaging, (3) component packaging.

6.10d2.2.2 Logical flow packaging. If logical flow packaging is
used:

a. Circuits and parts shall be packaged and located in an
arrangement that parallels their functional relationships.

b. A module shall be designed so that only single input and
output checks are necessary to isolate a fault in the
module.

C. The unidirectional signal flow within a module shall be

clearly indicated.

6.10.2.2.3 Circuit packaging. If circuit packaging is used:

a. All parts of a given circuit or %roup of logically related
parts shall be located in a single module.

b. A module shall contain only one circuit or group of
related parts.

C. The circuit shall be packaged as a single terminal board or
plug-in module when possible.

d. Circuits shall be grouped to minimize crisscrossing of

signals among modules.

6.10d2.2.4 Component packaging. If component packaging is
used:

a. Similar components should be grouped in one location,
for example, all fuses or all relays.

b. Inexpensive components should be placed on separate
plug-in boards that can be discarded upon failure.

C. Similar parts that are likely to require replacement at
approximately the same time should be grouped together.

d. Components requiring the same maintenance activity
should be grouped together, for example test points or
components requiring a particular cleaning method.

6.1062.2.5 Printed circuit boards. If printed circuit boards are
used:

a. Printed circuit boards shall be designed and mounted for
ease of removal and foolproof replacement.

b. Plug-in printed circuit boards shall be structurally rigid
and easy to remove and replace, providing finger access
and gripping aids if necessary.
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6.10.3 Layout

6.10.3.1 Accessibility

C. Feedback shall be provided to the maintainer when plug-
in printed circuit boards are securely connected.

d. Printed circuit boards shall be identified in accordance
with MIL-STD-130, and references for parts mounted on
the board shall be provided in accordance with MIL-STD-
454, Requirement 67.

Criteria and guidelines governing the layout of the parts that

make ug a module fall into three general categories: (1)

accessibility of the parts, (2) logical or functional grouping of

ﬁarts,dand (3) protection of maintainers and equipment from
azards.

6.10.3.1.1 No interference from other parts. Modules shall be
laid out so that all parts can be removed and replaced without
interference from and without removal of other parts.

6.10.3.1.2 No stacking of parts. The parts that make up a module
shall be mounted in an orderly, flat, two-dimensional array; they
shall not be stacked one on top of another.

6.10.3.1.3 Consistent orientation. If a module has more than one
part of the same type that must be inserted in a particular
orientation (connectors, for example), all those parts should be
oriented in the same direction.

6.10.3.1.4 Spacing of parts. The parts that make up a module
shall be positioned so that any required tools (such as test probes or
soldering irons) can be used without difficulty.

6.10.3.1.5 Separation of parts and wiring on printed circuit
boards. On printed circuit boards, all parts shall be mounted on
one side of the board, and all wiring (including printed circuits)
shall be placed on the other side.

6.10.3.1.6 Spacing of terminals. Terminals to which wires are to
be soldered shall be far enough apart that work on a terminal does
not damage neighboring terminals or nearby parts (same as
paragraph 6.8.5.2.9).

6.10.3.1.7 Frequently inspected component parts. Parts that
require frequent visual inspection (fuses, for example) shall be
located where they can be seen easily without the removal of
panels, covers, or other modules.

6.10.3.1.8 High failure-rate parts. Parts that have a high failure
rate, such as fuses, shall be located where they can be seen and
replaced without the removal of other parts.

6.10.3.1.9 Indicator lights. If a module contains indicator lights, it
should be possible to change the lights from the front panel, that
is, without opening or removing the module.
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6.10.3.2 Grouping
of parts

6.10.3.3 Hazard
protection

6.10.3.1.10 Shutoff switches. If the module contains emergency
shutoff switches, they shall be positioned within easy reach of the
maintainer, and they shall be located or guarded to prevent
inadvertent operation.

6.10.3.1.11 Visual and physical accessibility. Test points,
adjustment points, and cable and line connectors shall be located
where the maintainer can see them easily and perform any
required operations on them without interference.

6.10.3.2.1 Grouping maintenance displays. All maintenance
displays relevant to a particular task shall be grouped together
and located where they are easily visible to the maintainer.

6.10.3.2.2 Separating maintenance and operational displays. If a

module contains both maintenance and operational displays, the

g]alr;tenance displays should be separated from the operational
isplays.

6.10.3.3.1 Avoidance of damage to parts and wiring. The parts
and wiring of a module shall be located and arranged so that they are
not damaged when the module or the unit of equipment of which
they are part is opened and closed.

6.10.3.3.2 Avoidance of damage from handling. Parts that are
susceptible to damage during maintenance activities shall be
located or shielded so that they will not be damaged during these
activities.

6.10.3.3.3 Avoidance of damage from the environment. Parts
shall be positioned so that they are not likely to be damaged by
oil, other fluids, dirt, or static electricity.

6.10.3.3.4 Protecting maintainers from heat and electrical
shock. If a module contains parts that retain heat or electrical
potential after power is turned off, those parts shall be located
where maintainers will not touch them during maintenance
activities, or they shall be shielded to protect the maintainers. In
addition, heat-producing parts shall be shielded to protect
maintainers from injury.

6.10.3.3.5 Bleeder networks. Parts that retain electrical potential
after power is turned off shall be equipped with bleeder networks
(see paragraph 12.4.3.1).

6.10.3.3.6 Separating internal controls from hazardous
voltages. Internal controls such as switches and adjustment
controls shall not be located where maintainers might come into
contact with hazardous voltages while operating the controls.
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6.10.4 Mounting

6.10.3.3.7 High current switching devices. High current
switching devices shall be shielded to prevent maintainers from
coming into contact with them.

This section describes several methods for mounting modules and
(i;ives criteria and guidelines pertaining to these methods; it then
Ists more general criteria and guidelines. The methods are: (1)
foldout construction, (2) braces, (3) straps and brackets, and (4)
shock mounts. In mounting a particular module, it may be
appropriate to use more than one of these methods
simultaneously.

6.10.4.1 Foldout mounting. Foldout mounting should be used

whenever feasible. Exhibit 6.10.4.1 gives an example of foldout
mounting.

Exhibit 6.10.4.1 Example of foldout mounting construction

CLOSED

6.10.4.2 Prevention of damage with foldout mounting. If
foldout mounting is used, parts and wiring shall be positioned so
that they are not damaged during opening and closing.

6.10.4.3 Support for hinged mounting. If a module is mounted
on hinges, some sort of brace or support shall be .
provided to hold the module in the "out" or "open™ position.

6.10.4.4 Rests and stands. If amodule contains parts that might
be damaged when it is moved into position for maintenance
activities, the module shall include rests or stands that protect
those parts. These rests and stands shall be integral parts of the
construction of the module.

6.10.4.5 Straps and brackets -- characteristics. Straps and
brackets should:

a. be thick and rounded enough so that there are no sharp
edges, and

b. be shorter than the part or module they hold so that they
provide a clamping action.

6.10.4.6 Shock mounts. Shock mounts should be used as
appropriate to:
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C. eliminate vibration that would make displays and
markings difficult to read,

d. reduce noise levels that might be hazardous to
maintainers, and

e. reduce levels of vibration that might be hazardous to
maintainers or equipment.

6.10.4.7 Preventing mounting ey )
errors by physica?design. EXth!t 6.10.4.7 Error-free
Modules shall be designed so that ~ mounting provisions

it is physically impossible to
mount them incorrectly. Fl &

Discussion. Incorrect

mounting includes o/ tel
reversal, mismating, and

misaligning. Measures to .

prevent incorrect ‘
mounting include (1) the Q
incorporation of keys or >

other aligning devices, (2)

the provision of
asymmetrical mounting brackets, and (3) the provision of
asymmetrical mounting holes. Exhibit 6.10.4.7 illustrates
all three of these measures.

6.10.4.8 Mounting and orientation of similar items. Parts and
modules that are similar shall use the same mounting method and be
mounted with the same orientation.

6.10.4.9 Accessibility. Parts and modules that are intended to be
removed and replaced by maintainers shall be mounted so that
they can be removed without the removal of other parts or

modules and without interference from other parts or modules.

6.10.4.10 Controls. Modules shall be mounted so that it is not
necessary to disconnect controls that may be needed for
maintenance.

6.10.4.11 Common hand tools. Modules shall be designed so
that they are replaceable by hand or with common hand tools.

6.10.4.12 Front access. Modules designed to be replaceable
should be accessible through the front surface of the equipment
rather than the back.

6.10.4.13 Orientation of modules within cases. If amodule has a
case, the proper orientation of the module within its case shall be

obvious, preferably through the physical design of the case, rather
than through labeling.

6.10.4.14 "Plug-in"* connectors. Electrical connections between
modules shall be made using plug-in connectors unless special
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6.10.5 Labeling
and marking

requirements, such as holding power or sealing, dictate another
type.

6.10.5.1 When to use labels and markings. Labels or markings
shall be used to:

a. outline and identify functional groups of parts,

b. identify each part by name or symbol,

C. indicate direction of current or signal flow to aid
troubleshooting, and

d. iF;‘az?tpsplicable, identify the value and tolerance level of

6.10.5.2 Location of labels and markings -- consistency. Labels
and markings shall be placed consistently in relation to the parts
to which they refer. This placement may be on or immediately
adjacent to the part.

6.10.5.3 Location of labels and markings -- eye level. If the
part being labeled or marked will be below eye level in its
Installed position, the label or mark should be above the item; if
the item will be above eye level, the label or mark should be
below the item.

6.10.5.4 Visibility. Labels and markings shall be placed so that
the maintainer can see them without having to move or remove
anything.

6.10.5.5 Orientation. Labels shall be horizontally oriented so
that the maintainer can read them while the module is in its
installed position.

6.10.5.6 Electrical parts. Small electrical parts that are attached to
mounting boards (resistors and capacitors, for example) shall be
labeled or marked on the mounting boards.

6.10.5.7 Parts requiring identification. The following parts
shall be identified with labels or markings on the parts
themselves or on the chassis or board adjacent to the part:

a. all parts identified by designations in drawings,
schematics, and parts descriptions of the module,

b. all wires, sockets, plugs, receptacles, and similar parts
having designations in wiring diagrams of the module,

C. all replaceable mechanical parts,
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d. all semi-fixed electrical items, such as fuses and ferrule-
clipped resistors, and

e. items having critical polarity or impedance ratings.

6.10.5.8 ldentification of terminals on terminal strips or
blocks. Terminals on terminal strips or blocks shall be identified
on the terminal strip or block itself or on the chassis, adjacent to the
terminals (same as paragraphs 6.8.8.4 and 6.9.1.8.3).

6.10.5.9 Identification of terminals on parts. Each terminal of a
part having terminals (transformers, relays, and capacitors, for
example) shall be identified adjacent to the terminal.

6.10.5.10 ldentification of parts accessible from both sides.
Receptacles for plugs and other parts that are accessible from
both sides of a board or panel shall be identified on both sides.

6.10.5.11 Adequacy of markings. Markings shall be sufficient to
identify a part or component.

6.10.5.12 Durability of markings. Markings shall be durable
enough to last the life of the equipment.

6.10.5.13 Marking stacked parts. If parts or modules are
stacked, marking shall permit identification of the individual
parts or modules (see paragraph 6.10.3.1.2).

6.10.5.14 Marking enclosed parts. If a part or module is
enclosed or shielded, the marking shall be placed outside the
enclosure or shield.

6.10.5.15 Designation of parts. The alphanumeric designation of a
part shall be in accordance with MIL-STD-16 or comparable
Industry standards.

6.10.5.16 Hazard warnings. If any hazard exists in connection
with a part or module, a warning or caution label shall be
provided on the part or module, on the case or cover, or both (see
paragraph 12.16.1).

6.10.5.17 Labeling symmetric parts. Parts that are symmetric in
shape shall be labeled or marked to indicate the proper
orientation for mounting.

6.10.5.18 Insertion holes. If a module has holes through which
parts that re?uire proper alignment are inserted (tubes or
connectors, for examplc(?, labels showing the proper orientation
of the part to be inserted shall be placed adjacent to the holes
(same as paragraphs 6.2.8.6 and 6.4.6.4).

6.10.5.19 Auxiliary information for parts. Parts to which
auxiliary information applies gor example, values and tolerances of
resistors and capacitorsg shall be labeled with that information.
Preferably this information will be in alphanumeric, not coded, form.
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6.11 Adjustment
controls

Criteria and guidelines for accessing, adjusting, sequencing, and
reading adjustment controls are given In this section.

6.11.1 Controls and feedback. Each adjustment control shall
proylide feedback. This feedback might be visual, audible, or
tactile.

6.11.2 Simultaneous access to controls and displays.
Maintainers shall have simultaneous access to an adjustment
control and its associated display or other source of feedback; that
is, t(?ey shall be able to observe the effects of adjustments as they are
made.

6.11.3 Location of adjustment controls. All the adjustment
controls for a module or unit of equipment should be located on a
single surface, preferably the front panel or face of the
equipment.

6.11.4 Differentiating maintenance controls from operational
controls. When maintenance and operation of a unit of
equipment are performed by different sets of people, the
maintenance and operational controls should not appear on the
same panel. If maintenance and operational controls do appear
on the same panel, the maintenance controls should be grouped
and separated from the operational controls. If appropriate, the
maintenance controls might also be guarded with removable
covers so as not to interfere with the operator’s performance (see
paragraph 9.1.5).

6.11.5 In_dei)enden_ce of adjustment controls. Where possible
and practical, the adjustment of one control shall be independent of
the adjustments of other controls.

6.11.6 Sequential adjustments. If the adjustment of one control
affects the adjustment of another, the controls shall be arranged
in sequential order, and labeled or marked to indicate the order of
adjustment.

6.11.7 Functionally related adjustments. If a maintenance task
consists of adjusting several functionally related variables, a
single control with a switch for selecting the particular function
should be provided so that the maintainer can select the functions in
sequence and make adjustments with the same control.

6.11.8 Direct readings. If a maintenance task requires adjusting a
control to achieve a certain value or range of values, the display
shall permit direct reading of the value or range; the maintainer
shall not have to convert or transform the reading.

6.11.9 Knob adjustments preferred to screwdriver
adjustments. Knob adjustments should be used rather than
screwdriver adjustments, especially if the adjustment is made
more than once a month.

6-80 FAA Human Factors Program January 15, 1996



HFDG

6 Designing equipment for maintenance

6.12 Failure
detection and
isolation

6.11.10 Screwdriver adjustments -- preventing slipping. When
screwdriver adjustment controls are used, a positive means, such as
uides or slots, shall be provided to prevent the screwdriver tip

rom slipping.

6.11.11 Screwdriver guides. If a screwdriver adjustment must be
made without the maintainer being able to see the control, or if
the control is located near a high voltage, screwdriver guides
shall be provided (see paragraph 6.7.3.2.4).

6.11.12 Use of mirrors or flashlights. Maintainers shall not
have to use mirrors or flashlights in making adjustments.

6.11.13 Remote adljustments. If it is not practical to provide
access to an internally located control, a remote control should be
provided.

6.11.14 Degree of adjustment. Controls shall accommodate the
degree of adjustment required, that is, gross adjustment, fine
adjustment, or both.

6.11.15 Mechanical stops. Adjustment controls intended to have a
limited range of motion shall have mechanical stops; these stops
shall be capable of withstanding a force or torque 100 times
greater than the resistance to movement within the range of
adjustment.

6.11.16 Previous settings. If a maintenance task requires that a
maintainer be able to quickly return a control to its previous
setting, the control shall have a scale and pointer or equivalent.

6.11.17 Preventing inadvertent adjustment. Adjustment
controls shall be located and mounted so that they cannot be
adjusted inadvertently by the maintainer.

6.11.18 Critical or sensitive adjustments. Critical or sensitive
adjustments shall incorporate features, such as locking devices, to
prevent inadvertent or accidental adjustment. If a locking device is
used, operation of the locking device shall not change the
adjustment setting.

6.11.19 Hand or arm support. If an adjustment control or the
maintainer will be subjhected to disturbing vibration durin
adjustment, a suitable hand or arm support shall be provided.

6.11.20 Avoidance of hazards. Adjustment controls shall not be
located close to dangerous voltages, moving machinery, or other
hazards. If a hazardous location cannot be avoided, the controls
shall be appropriately labeled, shielded, and guarded.

This section contains criteria and guidelines for failure detection
and isolation through the use of alarms, failure indications, and
diagnostic aids.
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6.12.1 Alarms

m 6.12.1.1 When to use. If critical equipment is not regularly
monitored, an alarm (auditory, visual, or both) shall be provided to
indicate malfunctions or conditions that would cause personnel
injury or equipment damage. Fire protection and associated
alarm systems shall meet the requirements of Subpart L - Fire
Protection of 29 CFR 1910. Employee alarm systems are
governed by 29 CFR 1910.165.

= 6.12.1.2 Visual versus auditory alarm. If an auditory alarm
would be overly intrusive or disruptive, the alarm shall be visual.

= 6.12.1.3 Special alarm. Auditory as well as visual alarms shall
be provided to indicate malfunctions when maintenance must be
performed in an area with a high degree of ambient illumination.

m 6.12.1.4 Loss of redundancy. If part of a redundant system, unit
of equipment, module, or component becomes inoperable, an
alarm signalling the loss of redundancy shall be provided to the
user immediately. Users shall be able to acknowledge such an
alarm, but the lack of available redundancy shall be continuously
displayed until the redundant system, equipment, module, or
component becomes operable again.

6.12.2 Failure
indicators

= 6.12.2.1 Overload indicators. If appropriate, an overload
indicator shall be provided for each major unit of equipment,
component, or circuit, even if it may sometimes be desirable to
keep the overloaded item in operation.

= 6.12.2.2 Out of range indicators. If equipment has failed or is
not operating within tolerance limits, an indication shall be
provided.

= 6.12.2.3 Power failure indicators. If a power failure occurs, an
indication shall be provided.

= 6.12.2.4 Open circuit indicators. If a fuse or circuit breaker has
opened a circuit, an indication shall be provided.

= 6.12.25 Power-on indicator. A power-on indicator that
extinguishes with loss of power shall be provided.

6.12.3 Diagnostic
aids

= 6.12.3.1 Automated aids. Fault isolation, inspection, and
checkout tasks shall be automated to the extent practical.

= 6.12.3.2 Automatic self-ch_eckin? components. All essential
electronic computer and peripheral components that are part of a
system shall incorporate an automatic self-check diagnostic test of
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6.13 Fuses and
circuit breakers

6.13.1 General

software and hardware, both at power up and at the request of the
operator, to ensure they are functioning properly.

6.12.3.3 On-demand system check. On-demand system
checkout shall be available.

6.12.3.4 Fault detection. Equipment design shall facilitate rapid
and positive fault detection and isolation of defective items to
permit their prompt removal and replacement.

6.12.3.5 ldentification. The area of equipment served by a fuse
or circuit breaker shall be identified.

6.12.3.6 Sensor verification. The status of sensors on
replacement units shall be verifiable with respect to accuracy and
proper operation.

6.12.3.7 Equipment verification. When feasible, equipment
shall permit verification of operational status prior to installation
without the need for disassembly.

6.12.3.8 Fault detection without disassembly. Equipment shall
permit fault detection and isolation without removing
components, through the use of built-in test, integrated
diagnostics, or standard test equipment. Fault detection and
]icsc_)llaéion shall identify without ambiguity which component has
ailed.

6.12.3.9 Portable diagnostic tools. When built-in test equi?ment is
not available, diagnostic tools or portable equipment shall be
provided to aid in fault isolation.

This section contains criteria and guidelines for systems that use
fuses and circuit breakers. General criteria and guidelines
address the selection and use of fuses and circuit breakers, the
desi?n characteristics of fuses, push-pull circuit breakers, toggle bat
and legend switch circuit breakers, and the labeling of fuses and
circuit breakers.

6.13.1.1 Selection of fuses and circuit breakers. Fuses and

circuit breakers should be selected so that they are appropriate to the

particular function they will perform. Exhibit 6.13.1.1 lists the

?ppro_priate type of fuse or circuit breaker for a variety of
unctions.

Discussion. When selecting fuses or circuit breakers,
consider the suitability of each to perform a particular
function. There are two types of circuit breakers, thermal air
and magnetic air. Thermal air circuit breakers are used
primarily for overcurrent circuit protection. They are best
adapted to DC circuits up to 250 volts, and to AC circuits up
to 600 volts in capacities up to 600 amperes. Magnetic air
circuit breakers may be used to provide
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6.13.2 Fuses

protection in event of overcurrent, undercurrent, reverse
current, low voltage, and reverse phase.

Exhibit 6.13.1.1 General comparison of fuses and circuit breakers

Function Fuse Thermal Magnetic
air air
Instantaneous action X X
Time delay features X X X
Resetting X X
Adjustable tripping range X

for other than maximum

Automatic resetting X
Remote control resetting X
and tripping

Overcurrent protection X X X

Low current, reverse

current, and low X
voltage protection

6.13.1.2 Location of fuses and circuit breakers. Fuses and
circuit breakers shall be grouped in a minimum number of
centralized, readily accessible locations for removal, replacement,
and resetting.

6.13.1.3 Verification of an open circuit. An indication shall be
provided when a fuse or circuit breaker has opened a circuit.

6.13.1.4 Individual fused units. Fuses or circuit breakers should be
provided so that each unit of a system is separately fused and
adequately protected from harmful variations in voltages.

6.13.2.1 Using fuses. Fuses shall conform to MIL-F-15160.

6.13.2.2 Worker safety. Fuse installations shall be designed so
that only the “cold" terminal of the fuse can be touched by
maintenance personnel.

6.13.2.3 Safeguarding the circuit. Fuses shall be provided that
safeguard the circuit if the wrong switch or jack position is used.

6.13.2.4 Quick-disconnect fuse holders. Fuse holder cups or
caps should be of the quick-disconnect type rather than the screw-in
type; they should be knurled and large enough to be removed
easily by hand.
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6.13.3 Push-pull
circuit breakers

6.13.2.5 No special tools for fuse replacement. Fuse
replacement shall not require special tools, unless they are needed
for safety.

6.13.2.6 No other components to be removed. Fuses shall be
located so they can be replaced without removing any other
components.

6.13.2.7 Spare fuse provisions. Spare fuses and holders for them
shall be provided and located near fuse holders. Labels adjacent
to these spare fuse holders shall contain the word "SPARE" and
shall state the fuse values and functions.

6.13.2.8 Anticorrosion ﬁrecautions. A silicon electrical
lubricating compound should be applied to the fuse and the
interior of the fuse holder. The exterior of the fuse holder (except
contact surfaces) should be coated with fungicidal varnish.

Sealed fuses should be used.

6.13.3.1 Push-pull circuit breaker specifications. Push-pull
actuated circuit breaker dimensions, displacement, and separation
shall conform to exhibit 6.13.3.1.

6.13.3.2 Power switches. Push-pull type circuit breakers shall
not be used as power switches.
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Exhibit 6.13.3.1 Push-pull circuit breaker specifications

Push-pull control, low resistance, for two-position, mechanical and
electrical systems. Alternate three position plus rotary function
acceptable for application such as vehicle headlight plus parking
lights, panel and dome lights. Provide serrated rim.

~l »°
D
-~ D. Minimum  C. Minimum 12-38 mm  S. Minimum
diameter clearance (0.5-1.5 in) space
19 mm 25 mm Minimum between:
(0.75 in) (1.0in) between pull 38 mm
add 13 mm positions: (1.5 in)
(0.5 in 13 mm add 13 mm
for gloved (0.5 in) (0.5 in)
hand for gloved
hand
Alternate handle; miniature electrical panel switch only. Avoid glove
use application.
D. Minimum N/A L. Minimum Minimum: S. Minimum
diameter: length 13 mm space
6.5 mm 19 mm (0.5 in) between:
(0.25 in) (0.75 in) 25 mm
(1in)
N
,c' High-force push-pull, for two-position mechanical system only.
\ W. Minimum D. Depth: C. Minimum  Minimum
—w. T | width: 16-38 mm clearance: 25 mm
T 100 mm (0.6-1.5 in) 38 mm {(1in)
(4 in) (1.5 in) Preferred:

add 6 mm 50 mm
(0.24 in) (2 in)
for gloved

hand

Same as above. Preferred where possible garment or cable-snag
possibility exists.

W. Minimum D. Depth: C. Minimum Minimum: S. Minimum

width: 16-38 mm clearance 25 mm space

100 mm (0.6-1.5in) 38mm (1in) between:

(4 in) (1.5 in) Preferred: 13 mm
50 mm (0.5 in)
(2 in)

Note. 1 and 2 finger pulls also acceptable for less than 18 N (4.0 Ib)
application

6.13.4 Toggle bat Togdgle bat and legend switch actuated circuit breakers may be
and legend switch used to control electrical power.
circuit breakers

= 6.13.4.1 Toggle bat specifications. Dimensions, resistance,
displacement, and segaratlon for toggle bat actuated breakers
shall comply with exhibit 6.13.4.1.
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Exhibit 6.13.4.1 Toggle bat specifications

[— s — l 51' I
]
Dimensions Resistance
L D Small Large
*Arm Iengttl* Control tip switch  switch
Minimum 13 mm 38 mm 3 mm 2.8N 2.8N
{(0.6in) (1.5in) (0.131in) (10 0z) (10 0z)
Maximum 50 mm 50 mm 25 mm 45N 11N
(2 in) (2 in) {1in) (16 0z) (40 oz)
Displacement between positions
A
Minimum 30° 17°
Maximum 80° 40°
Preferred - 25°
Separation
S
Single finger Single finger Simultaneous operation
operation1 sequential operation by different fingers
Minimum 19 mm 25 mm 13 mm 16 mm
(0.75 in)(1 in) (0.5in) {0.63 in)
Optimum 50 mm 50 mm 25 mm 19 mm
(2in)  (2in) (1in) (0.75 in)
* Use by bare hand
** Use with heavy handwear
Tt Using a lever lock toggle switch
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= 6.13.4.2 Legend switch specifications. Legend switch actuated
breakers shall comply with the dimension, displacement,
separation, and resistance criteria shown in exhibit 6.13.4.2.

Exhibit 6.13.4.2 Legend switch specifications

S.. S, A Barriers Resistance

Size Displacement B, By
Minimum 19 mm* 3 mm** 3 mm 5 mm 2.8 N***
m (0.75 in) (0.13 in) (0.13 in) {0.38 in) (10 oz)
Maxi 38 mm 6 mm 6 mm 6 mm 16.7 N
aximam (1.5 in) (0.25 in) (0.25 in) (0.25 in) (60 o0z}

* 15 mm (0.63 in) where the switch is not depressed below the panel.
** 5 mm (0.38 in) for positive position switches.
**x 5 6 N (20 oz) for use in moving vehicles.

Note: B,, also refers to switch separation

6.13.5 Labeling and
marking

m  6.13.5.1 Fuses and circuit breakers. Fuses and circuit breakers
shall be permanently labeled or marked. The labeling or markinfq
shall be legible in the anticipated ambient illumination range for
the maintainer’ location.

m  6.13.5.2 Fuse ratings. A fuse’ rating shall be indicated adjacent to
the fuse. The rating shall be in whole numbers, common
fractions, such as 1/2, or whole numbers and common fractions,
such as 2 1/2.
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6.14 Test points
and service
points

6.14.1 Adjustment
controls

6.14.2 Location and
arrangement

6.13.5.3 Circuits. The area Qf_eguipment served by a fuse or
circuit breaker shall be identified.

Strategically placed test points make signals available to
maintenance personnel for checking, adjusting, and
troubleshooting. Test points are recommended for units of
equipment that are not completely self-checking.

Definition. Test points are a means for conveniently and
safely determining the operational status of equipment and
for isolating malfunctions. Service points are a means
for lubricating, filling, draining, charging, and performing
other service functions. They permit the routine
performance of these services on all equipment and
components requiring them.

6.14.1.1 Location. An adjustment control associated with a test
point shall be located near the test point and shall provide a
signal at the test point that indicates clearly when the correct
adjustment has been achieved.

6.14.1.2 Individual adjustment controls. A test point should not
have more than one associated adjustment control.

6.14.2.1 Test points for units of equipment. A test point should
be provided for each input to and output from a unit of
equipment.

6.14.2.2 Arranging test points. When testing complexity
warrants, test points shall be arranged on a single control panel or
on a series of functionally autonomous panels.

6.14.2.3 Tracing signals. Test points should be provided to
permit the systematic tracing of signals and voltages through a
unit of equipment. These test points allow a maintainer to
determine the point at which signals or voltages in a
malfunctioning unit are out of tolerance.

6.14.2.4 Test and service point accessibility. All test and
service points shall be physically and visually accessible to the
maintainer.

6.14.2.5 Proximity to associated controls and displays. Test
and service points shall be located in physical and visual
proximity to the controls and displays used to make the
adjustments associated with the points.

6.14.2.6 Test and service point location. Test and service points
should be provided, designed, and located in accordance with
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6.14.3 Drain points

their frequency of use and any applicable time limits on
maintenance activities.

6.14.2.7 Minimizing testing and servicing. Requirements for
periodic or repetitive testing and servicing of components should be
avoided if possible by using sealed bearings, oil impregnated
bushings, highly reliable components, and the like.

6.14.2.8 Minimizing test and service points. To reduce the
number of test and service points required, built-in indicators,
center readin% meters, pressure gauges, direct reading fluid level
gauges, and the like shall be used for quick checks, thus avoiding
the need for auxiliary equipment.

6.14.2.9 Avoid isolated test or service points. Isolated test or
service Eomts should be avoided; such points are likely to be
overlooked or neglected.

6.14.2.10 Compatibility of test and service points. Test and
service points shall be designed for compatibility with checking,
troubleshooting, and servicing procedures and with test and
service equipment.

6.14.2.11 Distinctive connections. Distinctively different
connectors or fittings should be provided for each type of test or
service equipment (for example, grease and oil fittings should be
distinctively different from each other) to minimize the likelihood of
error.

6.14.2.12 Avoid separate accessories. Separate funnels,
strainers, adapters, and other accessories should be avoided.
Where practical, these accessories should be built into the
equipment or the service equipment, so that they need not be
handled separately.

6.14.2.13 Terminal strips. If Exhibit6.14.2.13 Terminal strips
special test points are not
provided on electrical

equipment, cables should be —
fanned out on terminal strips — .
as illustrated in exhibit - -
6.14.2.13.

6.14.3.1 Drain provisions. Drains shall be provided on all fluid
tanks and systems, fluid filled cases, filter systems, float
chambers, and other items that are likely to contain fluid that
would otherwise be difficult to remove.

6.14.3.2 Minimization. The number of types and sizes of drain
fittings should be minimized and standardized throughout the
system.
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6.14.4 Accessibility

6.14.3.3 Valves and petcocks versus drain plugs. Whenever
practical, valves or petcocks should be used rather than drain

plugs.

6.14.3.4 Drain plugs. Drain plugs shall require only common
hand tools for operation, and their placement shall ensure
adequate tool and work clearance for operation.

6.14.3.5 Labels. Drain cocks or valves shall be clearly labeled to
indicate open and closed positions, and the direction of
movement required for opening.

6.14.3.6 Drain cock motions. Drain cocks shall always close
with clockwise motion and open with counterclockwise motion.

6.14.3.7 Instruction labels. Instruction labels shall be provided, as
necessary, to ensure that the fluid system is properly prepared prior
to draining.

6.14.3.8 Accessibility. As applicable, drain points shall be
designed, located, and installed:

a. where they are reachable and operable by the maintainer,

b. so that fluid will not drain or spill on equipment or
personnel,

C. at the lowest point in the system if complete draining is
required,

d. to permit selective draining or bleeding to facilitate

maintenance procedures,

e. to permit drainage directly into a waste container without
use of separate adapters or piping, and

f. so that fuel or other combustible fluids cannot run down
to or collect in hazardous areas.

6.14.4.1 Test and service point accessibility. Test and service
points shall be easily accessible for checking and troubleshooting.
Recommended minimum clearances are 19 mm (0.75 in) when
only finger control is required, and 75 mm (3 in) when the gloved
hand is used.

6.14.4.2 Test probe guides. Suitable guides for test probes
should be provided when test points are located internally.

6.14.4.3 Test accesses. Test accesses should be provided for
mechanical components likely to wear. For example, brake
assemblies should be provided with an insEection opening to
permit insertion of a gauge for determining the clearance between
the brake lining and drum.
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6.14.5 Safety

6.14.4.4 Test points in Exhibit 6.14.4.4 (a) Test plug with

plugs. If appropriate, o
plugs with EI)ntegraI test sliding cover

points for each input and
output shall be used. If Test Position Normal position
dust or moisture isa ToE
factor, an integral sliding
cover for the test points N
Sha” be provided on the Cover removed Test points
. Lo i d
plug, as shown in exhibit fortesting POsE

6.14.4.4 (a). An — )
acceptab|e alternative is Exhibit 6.14.4.4 (b) Test point adapter

the provision of a test-

Boint adapter for insertion
etween a plug and its

receptacle, as shown in

exhibit 6.14.4.4 (b) (see Pl ‘
also paragraph & e 1
6.8.5.1.13). .

Adapter

6.14.5.1 Test point shielding. All test points shall be located or
shielded to protect the maintainer against contact with high
voltages.

6.14.5.2 Minimum clearance. Test and service points shall be
separated by more than a hand’s width, 114 mm (4.5 in), from the
nearest hazard.

6.14.5.3 Recessed test and service points. Test and service
points should be recessed to protect them from damage by
personnel, dust, moisture, and the like.

6.14.5.4 Hi%h pressure test indicators. High pressure test
indicators should be used wherever possible to avoid some of the
hazards associated with making temporary high pressure
connections.

6.14.5.5 Ground points. If a good grounding point is not
available, a special "ground" point shall be provided. Connection
to this special ground point shall be made during tests of a given
unit.

Discussion. Maintainers may have difficulty if only
painted surfaces are available for ground connections.

6.14.5.6 Shields around lubrication points. Shields should be
provided around lubrication points that may be serviced while
equipment is operating.
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6.14.6 Labeling,
marking, and coding

6.15 Test
equipment

6.14.6.1 Label location. Labels for test and service points shall
be in full view of the maintainer making connections or
adjustments.

6.14.6.2 Distinguishable marking. Test and service points shall
be designed and marked so that they are easily distinguishable,
for example, by coding them with distinctive colors.

6.14.6.3 Distinguishing test and service points. If color coding
is used, the color of test points shall be clearly different from the
color of service points.

6.14.6.4 Hazardous points. Hazardous test and service points
shall be labeled to warn maintainers about any possible injury to
themselves or damage to internal circuits.

6.14.6.5 ldentification of test points. Each test point shall be
clearly labeled with a number, letter, symbol, or description of its
function or, at a minimum, with a code number keyed to the user
documentation.

6.14.6.6 Luminescent markings. If test points must be read
under very low ambient illumination, they should be marked in
phosphorescent colors.

6.14.6.7 Tolerance limits. Each test point should be labeled with
the tolerance limits of the signal to be measured there.

6.14.6.8 Internal test and service points. When a test or service
point is located internally, its location shall be indicated on the
cover or adjacent to its access opening on the surface of the
equipment.

This section contains general criteria and guidelines for test
equipment and specific criteria and guidelines for four types of
test equipment: (1) built-in, (2) go, no-go, (3) automatic, and (4)
cgldlating.d Bench mockups and storage for test equipment are also
addressed.

Definitions. Built-in test equipment is an integral part
of a unit of equipment and can range from a simple
voltmeter to a complex automatic checker. Go, no-go test
equipment provides one of two alternative answers to any
question. For example, it tells whether a given signal is in
or out of tolerance. Automatic test equipment checks
two or more signals in sequence without the intervention
of a maintainer. The test usually stops when the first out-
of-tolerance signal is detected. Collating test equif)ment
presents the results of two or more checks as a single display;
for example, a light might come on only if

a number of different signals are in tolerance.
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6.15.1 General

6.15.1.1 General
characteristics

6.15.1.2 Safety

Test equipment is intended to: (1) simplify the job of the
maintainer, (2) reduce the preparation or turn-around time for
installing, maintaining, and repairing systems, and (c) reduce total
maintenance costs. It needs to be fast, easy, and safe to use.

The type of test equipment is decided upon in the early stages of
equipment design. Selection of test equipment depends on: (1) the
mission and operational characteristics of the equipment, (2) the
anticipated reliability of the equipment, (3) the maintenance
concept, (4) the available personnel, (5) the operational
environment, (6) the logistics support requirements, and (7) the
development time and cost.

The following general criteria and guidelines are aimed at
simplifying the maintainers’ job.

6.15.1.1.1 Test equipment treatment. Test equipment and bench
mockups shall be treated like any other equipment with respect to
design requirements for units, covers, cases, cables, connectors, test
points, displays, and controls.

6.15.1.1.2 Accuracy of test equipment. The accuracy of all test
equipment shall exceed that of the equipment being tested.

6.15.1.1.3 Conversion tables. Conversion tables shall not be
used in deciding if equipment is within tolerances.

6.15.1.1.4 Selector switches. Selector switches should be used
rather than multiple plug-in connections as long as the effects of
switching do not degrade the desired information.

Discussion. Selector switches can be used more quickl
than plug-in connections, and they reduce the likelihoo
of faulty connections.

6.15.1.1.5 Maintenance instructions. Clear operat_in%and
maintenance instructions shall be prepared and available to the
maintainer.

6.15.1.1.6 Storing instructions. Full instructions shall be stored
inside the test equipment’s cover or case, if any, or attached to a
metal plate containing a checklist for operating the equipment.

6.15.1.1.7 Labeling. The outer case and all removable parts
should be clearly labeled with the equipment identification,
including its purpose and any precautions that should be observed
in using it.

6.15.1.1.8 Label contents. The label shall contain all items the
maintainer must be able to recognize, read, or use.

6.15.1.2.1 Shielding hazardous parts. Test equipment shall be
de_5|?ned so that all exposed moving and cutting parts are
shielded to prevent maintainer injuries during maintenance tasks.
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m  6.15.1.2.2 Safeguarding the circuit. Fuses shall be provided that
safeguard the circuit if a wrong switch or jack position is used.

o 6.15.1.2.3 Covering exposed parts. Protrusions, rails, and
corners on test e wgment with which maintainers might come
into conltact should be covered with rubber or other appropriate
materials.

= 6.15.1.2.4 Warning of errors. If possible, the test equipment
shall be designed either to prevent the maintainer from making
errors or to warn him or her of potential or actual errors.

o 6.15.1.2.5 Minimizing hazards. When possible, fail-safe features
should be incorporated in test equipment to minimize any danger to
maintainers or equipment.

m 6.15.1.2.6 Internal controls. Internal controls shall be located
away from dangerous voltages.

m 615127 Safeguarding high voltages. High voltage areas shall
be insulated or shielded.

= 6.15.1.2.8 Warning labels. Adequate warnings shall be provided
wherever potential hazards exist.

6.15.1.3 Ease of use

m  6.15.1.3.1 Accessibility. Adjustment points, test points, cables,
connectors, and labels for all re(iuired maintenance tasks shall be
visually and physically accessible. Access openin?s necessary to
connect test equipment using required tools shall accommodate
maintainers and equipment as specified in section 6.4.3 and
paragraph 6.14.4.1.

o 6.15.1.3.2 Minimizing test equipment. The number and types of
test equipment and accessories, such as connectors and test
cables, should be minimized.

o 6.15.1.3.3 Ease of use. Equipment should be simple to operate,
have self-checking and calibrating features, and have a minimum
number of controls and displays.

o 6.15.1.3.4 Reducing the number and complexity of steps. The
number and complexity of steps should be reduced by grouping
controls (such as by sequence or criticality) or by making certain
operations automatic.

o 6.15.1.3.5 Individual operation. Test equipment should be
designed for operation by one person.

6.15.1.4 Controls and
displays

o 6.15.1.4.1 Calibration check. Test equipment should be easily
calibrated or equipped with a simple check (for example, a go,
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6.15.2 Built-in test
equipment (including
partially built-in,
portable, and test
panels)

6.15.2.1 Completely
built-in test equipment

no-go indicator) to indicate whether or not the test equipment is
out of calibration or is malfunctioning.

6.15.1.4.2 Warm-up indicators. A warm-up indicator should be
provided, if applicable, to show when the test equipment is
warmed up and ready to use. If such a signal cannot be provided,
a label near the warm-up switch should state clearly how much
warm-up time is required.

6.15.1.4.3 Automatic shutoff switches. If feasible, test
equipment should have an automatic shutoff. If it is not feasible,
test equipment should have both warning lights and written
warnings to remind the maintainer to turn the equipment off
when finished.

6.15.1.4.4 Misalignment. Controls and displays should be
designed to prevent misalignment that might be caused by
vibration, service use, or accidental contact.

The advantages of built-in test equipment include: (1) being less
likely than portable test equipment to be lost or damaged, (2)

]E)einlg available when needed, and (3) requiring no special storage
acilities.

The disadvantages of built-in test equipment include: (1) adding
to the weight and space requirements of the equipment being
tested, (2) requiring more built-in test equipment because a
separate item is usually required for each unit of equipment, (3)
transporting built-in test equipment to a point for convenient
calibration may be more difficult than transporting portable test
equipment, and (4? installing test equipment permanently may
increase the complexity of wiring for the system and may even
increase the amount of maintenance activity.

Definition. Built-in test equipment is an integral part of
a unit of equipment and can range from a simple
voltmeter to a complex automatic checker.

6.15.2.1.1 Combining test points. If a unit of equipment has
built-in test capabilities, all maintenance tests should be
performed with the built-in test unit.

6.15.2.1.2 Efficiency. If possible, built-in test units should be
|nte%rated into the equipment for efficient maintenance and
troubleshooting.

Discussion. If voltages and wave shapes must be
checked, for example, the test unit might consist of a
meter, an oscilloscope, and a rotary switch for selecting
circuits.
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6.15.2.2 Partially built-
in test equipment

6.15.2.3 Portable test
equipment

6.15.2.1.3 Easy to use. Meters and oscilloscopes should have
fixed, preset circuits so that the meter always reads center scale
and the oscilloscope requires no adjustment.

6.15.2.1.4 In-tolerance. Either an in-tolerance meter reading or
an in-tolerance waveshape 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
can be used.

6.15.2.2.1 Combining test points. If possible, all test points
should be incorporated into one built-in unit of test equipment.

6.15.2.2.2 Test capabilities. To the extent feasible, all the test
capabilities described in section 6.15.2.1 should be built-in.

Example. A center-reading meter might be mounted on
each major component that can be checked by a meter,
and a set of test jacks mi?ht be provided as an outlet for
signals requiring an oscilloscope.

6.15.2.3.1 When to use. If it is not practical to incorporate all test
points into one unit of built-in test equipment or to provide a center-
reading meter and test jacks for an external oscilloscope, a portable
test unit shall be provided.

6.15.2.3.2 Single connection. Portable test equipment shall
connect to its associated unit of equipment or partially built-in
test equipment through a single, multi-prong connector.

6.15.2.3.3 Internal storage. Portable test equipment shall have
enough storage space in its handling case or lid to contain leads,
probes, spares, and any special tools required for operation.

6.15.2.3.4 Operating instructions. Instructions for operating
portable test equipment shall be provided on the face of the test
equipment, on its case or cover, If any, or in a special storage
compartment in the test. These instructions shall be easily
readable by the maintainer while the test equipment is bein
operated. If applicable, the instructions shall include a reminder to
calibrate the equipment and instructions for calibration.

6.15.2.3.5 Calibration records. If ?ﬁplicabl_e, a placard shall be
attached to the equipment for recording calibration information,
including tolerance check values.
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6.15.2.4 Built-in test
panel

6.15.3 Go, no-go
test equipment

6.15.4 Automatic
test equipment

6.15.2.4.1 When to use. If built-in, partially built-in, or portable
test units are not practical, a test panel should be provided on the
equipment.

6.15.2.4.2 Test point connections. Test points shall permit the
connection of appropriate test equipment, such as voltage meters or
oscilloscopes.

6.15.2.4.3 Block diagram. When applicable, the test points on a
test panel should be arranged within a miniature block diagram of
the system, with each block representing components or units of
equipment.

6.15.2.4.4 Overlays. Overlays for the test panel should be
provided to direct the maintainer to test points that should be
checked and the order in which they should be checked.
Instructions should be provided in the user documentation.

6.15.2.4.5 Tolerance limits for signals. Tolerance limits for
signals should be shown on overlays, and test points should be
coded on the test panel. Full instructions should be provided in
user documentation so that they are still available in the event an
overlay is lost.

The advantages of go, no-go test equipment include: (1)
presenting information in a clear, unambiguous manner and (2)
simplifying difficult tasks, such as balancing circuits and
checking complex waveshapes.

The disadvantages include: él requiring unique circuitry for
each signal value to be tested (sometimes, however, ordinary
displays can be converted to go, no-go displays by appropriate
use of reference scales such as a colored section on a meter dial), (2)
increasing the number and complexity of circuits required, which
will probably add to initial cost and development time and increase
the rate of test equipment breakdown, (3) providing relatively
little help to the maintainer in checking common voltages or
simple waveshapes, and (4) requiring a special model for many or
most units of equipment.

Definition. Go, no-go test equipment provides one of
two alternative answers to any question. For example, it
tells whether a given signal is in or out of tolerance.

An advantage of automatic test _e(1uipment is that it can make a
rapid sequence of checks with little or no chance of omitting
steps.

Disadvantages of automatic test equipment include: (1) it can be
relatively expensive, large, and heavy, and it may require
maintenance of itself, (2% it can be relatively s#)ecialized, with
little versatility, (3) it can require self-checking features to detect
test equipment malfunctioning, which adds to cost and to
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6.15.5 Collating test
equipment

6.15.6 Bench
mockups

problems of maintaining the test equipment, and (4) it will
probably require a special model for each unit of equipment.

Definition. Automatic test equipment checks two or
more signals in sequence without the intervention of a
maintainer. Testing usually stops when the first out-of-
tolerance signal is detected.

An advantage of collating test equipment is that it reduces the
number of displays the maintainer must read, thereby reducing
testing time and, probably, errors.

The disadvantages are similar to those for go, no-go and
automatic test equipment.

Definition. Collating test equipment presents the results
of two or more checks as a single display; for example, a
"test passed” light would come on only if all of the
relevant signals are in tolerance.

6.15.5.1 ldentification of out-of-tolerance signals. If equipment
fails a test performed by collating test equipment, the test
equipment should indicate which signal?s) are out of tolerance,
not just that the equipment failed the test.

6.15.6.1 Accessibility. Adequate space shall be provided in the
layout of a mockup to allow the maintainer to perform any
required maintenance activities on the units.

6.15.6.2 Support for test equipment. Pullout shelves or some
other method of supporting the test egwpment shall be provided
while the test equipment is being used.

6.15.6.3 Extension cables. Bench mockups shall have extension
cables for all units so that the units can be removed from the
bench mockup for the performance of maintenance activities
(same as paragraph 6.9.1.7.1).

6.15.6.4 Connectors on mockup cables. Bench mockup cables
shall have connectors that require only a strong push or pull to
connect and disconnect them. Bench mockup cables are not
subject to strong vibration or shock, but they are connected and
disconnected frequently (same as paragraph 6.9.1.7.2).

6.15.6.5 Coverings. MockuP cables shall have an extra-heavy
covering gfor example, vinyl tubing) to protect them from wear
resulting from frequent connection and disconnection (same as
paragraph 6.9.1.7.3).

6.15.6.6 Checking signal flow. Bench mockup cables, including
extension cables for units of equipment, shall have test points to
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check the signal flow through each wire (same as paragraph
6.9.1.7.4).

Examples. One method for accomplishing this is to
provide test points at the connector; another Is to provide
test points on junction boxes or terminal strips.

o 6.15.6.7 Test leads. Test leads should require no more than a
fraction of a turn for attachment to the equipment being
maintained.

= 6.15.6.8 Signal values. The operating instructions for bench
mockups shall include correct signal values and tolerances for
each test point.

o 6.15.6.9 Covers. Transparent, plastic covers should be used on
mockup units that contain parts whose operation may be checked
visually, unless a metal cover is needed for electrical shielding.

= 6.15.6.10 Easy access. All mockup units shall be installed so that
every unit is accessible without removing any other unit.

6.15.7 Storage space

= 6.15.7.1 Available storage. Storage space shall be provided for
removable items, for example, test leads.

= 6.15.7.2 Securing accessories. Fasteners and holders shall be
provided to hold accessories securely and safely in the storage
compartment.

= 6.15.7.3 Labeling. A label shall show the intended contents of
the storage compartment and how they should be stored.

= 6.15.7.4 Handles. If test equipment has hinged handles on the
cover or case, the handles shall be recessed for convenient
storage.

6.16 Tools Criteria and guidelines for common hand tools and special tools
are given in this section. The tools required by maintainers
depend upon the nature of the maintenance tasks and the
characteristics of the equipment. It is highly desirable that the
need for special tools, that is, tools other than the most common
types and sizes of hand tools, be eliminated or at least minimized.
This goal can best be accomplished early in the equipment design
process, but it deserves attention throughout design and
development.

6.16.1 General

= 6.16.1.1 Minimize maintenance tools. Units of equipment shall
be designed to minimize the number and types of tools required
to accomplish maintenance tasks (see paragraph 6.1.3.4).
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6.16.2 Common
hand tools

6.16.3 Special tools

6.16.1.2 Use common tools. Whenever possible, units of
equipment shall be designed to use common tools for
maintenance (see paragraph 6.1.3.5).

6.16.1.3 Minimize variety and sizes of tools required. The
variety and number of different sizes of tools required shall be
minimized; ideally, the tools required shall be limited to those
normally found in a maintainer’s tool Kit.

6.16.1.4 Special tools. Uncommon or specially-designed tools
shall be used only when common hand tools do not satisfy the
requirements or when the special tools provide a significant
advantage over common hand tools. Special tools shall not be
re?uired or used without the approval of the acquisition program
office (same as paragraph 6.1.3.6).

6.16.2.1 Gripping surfaces. Tool handles shall have adequate
gripping surfaces.

6.16.2.2 Providing thongs. If a tool will be used where dropping it
could cause injury, damage, or significant loss of time, the tool
should be provided with a thong or other means of attachment to the
maintainer or the equipment.

6.16.2.3 Insulation of handles. If a tool will be used in the
vicinity of voltages in excess of 30 volts, the tool handle and any
other part of the tool the maintainer is likely to touch shall be
electrically insulated.

6.16.3.1 Reasons for requiring special tools. Special tools shall be
required only when common tools cannot be used or when they
are necessary to facilitate maintenance tasks, reduce time, or
improve accuracy.

6.16.3.2 Check for existing tools. If a special tool is needed, the
designer should check any special tools that might already exist
to see if one of them would suffice. If a new tool is needed, it
should be as simple, practical, and universal as possible.

6.16.3.3 Availability of special tools. If a special tool is required
for the maintenance of a unit of equipment, the tool shall be made
available at the same time as the equipment.

6.16.3.4 Attach to equipment. If a unit of equipment requires a
special tool for maintenance, the tool should be mounted on or
attached to the equipment in a readily accessible location.

6.16.3.5 Temperature extremes. If a tool will be used in
extreme climates, the handles should be insulated.
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= 6.16.3.6 Spark resistance. If a tool will be used in areas where
fire or explosion hazards exist, the tool shall be spark resistant.
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m 721513 Testing of alarms ........ccccocovevieiiie e, 7-10
7.2.1.6 Location
and arrangemMENT e 7-10
B 7.2.1.6.1 LOCALION .ovvveiiiiiiieiiic i 7-10
0 7.2.1.6.2 ACCESSIDIILY ..vveiiiieeiiiie e 7-10
m  7.2.1.6.3 Orientation and parallaX ...........c..ccccovevvineiiiieiiinnens 7-10
Exhibit 7.2.1.6.3 Linesof sight .........cccccoooviiiiiiciii e, 7-11
B 7.2.1.6.4 RefleCtions ......ccooovviiiiiiiiii 7-10
B 7.2.1.6.5 VIDration ......ccoooeiiiiiiiiceeee 7-10
O 7.2.2.6.6 GrOUPING ..vveeiieieeiciieeeiie e ciee e siee e sree e e snee e 7-10
m  7.2.1.6.7 Function and SEQUENCE .........c..cocvvveviineiinniinesiennes 7-17T
o 7.2.1.6.8 Frequently used displays ........cccccovvveviieeiiieeiiinnenne, 7-11
Exhibit 7.2.1.6.8 Optimum vertical and
horizontal visual fields .........cccoovviiiiiiii e, 7-12
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m  7.2.1.6.9 Important or critical displays ..........cccccceevvivriinnenne, 7-11
B 7.2.1.6.10 CONSISENCY ...vvveiiieeiiiee e 7-11
® 7.2.1.6.11 Maximum viewing distance ............cccccvvvreiiiinennn, 7-17T
m  7.2.1.6.12 Absolute minimum viewing distance .................... 7-11
o 7.2.1.6.13 Preferred minimum viewing distance ..................... 7-11
o 7.2.1.6.14 Minimum viewing distance to CRTS ........c..cccue..e. 7-12

71.2.2

Transilluminated

AISPIAYS 7-12

7.2.2.1 GeNEral e 7-13
O 7.22.1.1 WHEN O USE ..ovvviieiiieiiiieciie e 7-13
m 7.2.2.1.2 Meaning of illumination ...........ccccccooiiiiiiinciee 7-13
m 7.2.2.1.3 Positive feedback ..........ccocviiiiiiiiii, 7-13
m  7.2.2.1.4 Meaning of no illumination .............cccccevviiiinennn, 7-13
m  7.2.2.1.5 Grouping of indicator lights ..............ccceeviieeiinnnne, 7-13
m  7.2.2.1.6 Location of transilluminated indicators .................. 7-13
m 7.2.2.1.7 Location of indicators for critical functions ............ 7-13
m 7.2.2.1.8 Maintenance displays ........ccccccoceeiiiiiiiiie i 7-14
B 7.22.1.9 LUMINANCE ..oiiviiiiiiiiie e 7-14
m 7.2.2.1.10 Variable luminance ..........ccoccviiiiiiiiiniiiciie s 7-14
m  7.2.2.1.11 False or obscured indication ...........ccccccevieiiininnns 7-14
m  7.2.2.1.12 Contrast within an indicator ..............cccoeevivennnnne 7-14
m  7.2.2.1.13 Low ambient illumination ...........cccceoeiiiniiinnnnnn, 7-14
B 7.22.1.14 Lamp redundancy ........cccocceeiiiieiiiee e, 7-14
B 722115 Lamp testing ..ococvveeiiieeie e 7-14
o 7.2.2.1.16 Indicator Circuit testing ..........ccccevvveeviiee e, 7-15
= 7.2.2.1.17 Removal and replacement of lamps ...........c.c.ccveeee 7-15
= 7.2.2.1.18 Nonhazardous lamp replacement .........c.....ccceevveenn 7-15
= 7.2.2.1.19 Proper installation of indicator covers .................... 7-15
B 7.2.2.1.20 Color COAINg ...ooevvveeiiieecee e 7-15

Exhibit 7.2.2.1.20 Color coding of
transilluminated displays ........ccccevviveeiiiieiiee e, 7-16

m 7.22.1.21 Flashing lights .........cccooiiiiii e 7-15

7.2.2.2 Legend GRS oo s 7-15
B 72221 WHENTO USE ..oviiieiiiieciie e 7-15
B 7.2.2.2.2 ColOr COUING ..oovviiiiieiiiiiie e 7-15
m 72223 Sizeof legend lights .........ccccooeiiiiiiiii, 7-15
m  7.2.2.2.4 llluminated label versus illuminated background .....[7-16
m 72225 Lettering of legends .........ccccoevveeiiiiiiiii e, 7-16
m  7.2.2.2.6 Visibility and legibility of lettering ..........ccccovee.e. 7-16
m 7.2.2.2.7 Multi-legend indicators ..........ccccovevveeiiiieeiiiee e, 7-17

7.2.2.3 Simple indicator

IONES e 7-17
0 7.22.3.1 WHEN O USE ..ovviiiiiiiiiieeiee e 7-17
B 7.2.2.3.2 SPACING ooivvreiiiieeeitieeeeie e e 7-17
B 7.22.3.3 COUING .ooiviieiiie et 7-17
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7.2.2.4 Transilluminated
panel assemblies

m]
| |
| |
| |

7.2.3 Scale

indicators

7.2.3.1 General
| |
m]
| |
| |
| |
| |
| |
m]
m]
| |
| |
| |
| |
m]
| |
| |
m]

7.2.3.2 Moving-pointer,
fixed-scale indicators

Exhibit 7.2.2.3.3 Coding of simple indicator
FHGNES oo

7.2.2.4.1 WREN 10 USE ..ovvviiiiiiiiiiiiie sttt
7.2.2.4.2 Large, single, pictorial graphic panels ....................
7.2.2.4.3 Replacing lamps ..o
7.2.2.4.4 BIIGNTNESS ....ccoiviieiiiie e

Exhibit 7.2.3.1 Characteristics and ratings
of fixed and moveable pointer scales for
VATOUS USES .....veviiiieecscice e

7.2.3.1.1 WREN L0 USE ..ovvveeiiie ettt
7.2.3.1.2 Type of information ..o,
7.2.3.1.3 LINEAr SCAES .....oeeviviieiiiie e
7.2.3.1.4 Scale graduations .........c.cccceveeviieeiiie e
7.2.3.1.5 Intermediate marks .........cccccceeviieeiiiee i
7.2.3.1.6 NUMETalS .....oooiviiiiiee e
7.2.3.1.7 Scale startin%point .................................................
7.2.3.1.8 Pointer 1ength ...........cccceevii i
7.2.3.1.9 POINtEr tIP ©ovveiiieeiie e
7.2.3.1.10 Pointer mounting .......cccccoeveeviieeiiiee e,
7.2.3.1.11 POINtEr COION ..vvviiiiiieiiee e
7.2.3.1.12 LUMINANCE CONLFASE ..ovvevveiieieciie e
7.2.3.1.13 Calibration information ...........c..ccccoveeiiieiiiee i,
7.2.3.1.14 COUING ©ooiiviiieiiiieiie e
7.2.3.1.15 Pattern or color coding ........ccccccveevivveeiiieeiiiee s,
7.2.3.1.16 USe 0F COIOIS ...vvviiiiiiiee e
7.2.3.1.17 Pattern-Coding .......ccccocvvveiiieeiiiie e

7.2.3.2.1 Numerical progression .........cccccceevvveeeiieesiineesiinneens
7.2.3.2.2 OFIeNtation .........cccoeviviiiieiiiesie e
7.2.3.2.3 Scale reading and pointer movement .....................
7.2.3.2.4 Zero position and direction of movement ...............
7.2.3.2.5 Pointer alignment, circular scales ............ccccceevnenne
7.2.3.2.6 Scale break ........cccceviiiiiiiiii
7.2.3.2.7 Number of pointers .........cccccceeviveeviie e,
7.2.3.2.8 Pointer alignment, noncircular scales ......................
7.2.3.2.9 Relative position of scale marks and numbers ........
7.2.3.2.10 Placement of POINtErs ..........cccccveviieeiiiee e,
7.2.3.2.11 Placement of NUMDErS .......ccoviiiiiiiiieieee e,
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7.2.3.3 Fixed-pointer

MOVING-SCAlE INAICALOIS oo 7-22
= 72331 Whentouse ... e 7-22
m 7.2.3.3.2 Numerical progression .........cccccceevveeeiiiieesiveesinneens (=22,
= 7.2.33.3 Orientation ....... [ s S 1-22
= 7.2.3.3.4 Alignment of pointer or fixed reference line ........... | 7-22
B 7.2.33.5 SEtUNG oo [-22
= 72336 Tracking ........ O 7-22
o 7.2.3.3.7 Moving tape displays ..........cc.ccoooviiiiiiiiiiin, 1-22
= 7.2.3.3.8 Composite scalar and pictorial displays .................. 7-22

7.2.4 Cathode ray

TUDE dISPIAYS s 7-23

T.2.4.1 GeNEral e 7-23
B 72401 REfreSh rale ....cooovvveviriieeneieeieseeseesse %
o 7.2.4.1.2 Screen phosphor and persistence ..........c.ccccevvveenne. -
0 7.2.4.1.3 Geometric diStortion ........cccccceviviiiiiiieniesee 7-23
m 7.2.4.1.4 Chromatic aberration ..........cccccvveevieeiiinniennieiiens 7-23
B 7.24.15 LUMINANCE ..oiiiiiiiiiiiieiiee e 7-23

T.2.4.2 COl0r et nes 7-23
o 7.2.4.2.1 Preferred colors ... 7-23
o 7.2.4.2.2 Color saturation ...........ccocoevviiinciicin 7-23
0 7.2.4.2.3 ColOr COUING ..vvveiiiieciiic e 7-23
m  7.2.4.2.4 Limitations of color usage .........cccoceeviiveviieeiiiinennn, 7-24

7.2.4.3 Ambient

HIUMINATION et e e e e nnaee e 7-24
m 7.243.1 Screen luminance .........cccoevviiiiiicinciec 1-24
= 72432 Faintsignals ............... e [-24
m 7.2.4.3.3 Luminance range of adjacent surfaces ................... 7-24
= 7.2.43.4 Ambient illuminance ...........c.ocoovvieincincicn, 7-24
o 7.2.4.3.5 Medium to high ambient illumination ..................... 7-25

7.2.4.4 Glare CONTIOl et e e e 7-25
B 72441 Glare ..o 7-25
m 7.24.4.2 Adjacent surfaces ... 7-25
o 7.2.4.43 Avoiding reflected glare ... 7-25
0 7.24.4.4 Etched fIIters ......cccovviiiiii e, 7-25

7.2.4.5 Viewing

distance, angle, and

screen orientation
m 7.2451 Viewing distance ..........cccoevvvviiiiiininceen 7-25
o 7.2.45.2 Variable viewing distance ...........cccccceeviveeiiie i, 7-26
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7.2.4.6 Alphanumeric
character displays

7.2.4.7 Symbolic and
pictographic coding
and displays

7.2.5 Large-screen
displays

7.25.1 General

7.2.5.2 Large-screen
optical projection
displays

[m]

HE B REOEFEOO0O N

OO0OO0OOOOEEE N N NEEREBEREOQO

7.2453 Viewing_angle and screen orientation .....................
7.2.4.5.4 Visual display terminals for office environments ....

7.2.4.6.1 FONt 1egibility ........cccooiiiiiiiiice
7.2.4.6.2 Character size (height) .......ccccooiiiiiiiiie,

Exhibit 7.2.4.6.2 Minimum alphanumeric
character height; as a fraction of viewing
distance and, height at a viewing distance
OF 457 MM (18 1N) .eoiviiiiieiie e

7.2.4.6.3 Luminance contrast ............ccccooeiiiiiiiiinee,
7.2.4.6.4 Medium to high ambient illumination ....................
7.2.4.6.5 ReSOIULION ..o

7.2.4.7.1 Pictorial and graphic situation formats ..................
7.2.4.7.2 SIQNAI SIZE .eoiiiiiii e
7.2.4.7.3 RESOIULION ..o
7.2.4.7.4 Display updating ........ccccoovvveriiiiieniieee e
7.2.4.7.5 Character height-to-width ratio .............ccccccceevnennn.
7.2.4.7.6 Stroke Width ...
7.2.4.7.7 Spacing between characters ...........cccccvveviiiiinennns
7.2.4.7.8 Spacing between Words ...........cccooveiiieniiinienieee,
7.2.4.7.9 Spacing between [ines ..........ccoceviiiiiiiiicien,

7.25.1.1 WREN 10 USE ..oviiiiiiiii et
7.2.5.1.2 When nOtt0 USE .......ceviieiiieiiieiiieecenee e
7.2.5.1.3 VIiewing diStanCe ..........ccccovovvriiieiieniie e
7.2.5.1.4 Physical interruption of VIeW ..........ccccocviiiiiiinnn,
7.2.5.1.5 Control of displayed information .............cccccceeienne
7.2.5.1.6 Content of displayed information .............cccccceeieene
7.2.5.1.7 MinIMUM MAriX ..ooooviiiiiiiieiieeeee e
7.2.5.1.8 CharaCter SIZe ........ccccooviieiiiiiiiiie e
7.2.5.1.9 LUMINANACE ...c.vviiiiiiiiieiiieeiee e
7.2.5.1.10 Character size and luminance ............ccccccevevennennnn.
7.2.5.1.11 Character aspect ratio ...........ccccevvvverieineenieeinennnn
7.2.5.1.12 Modulation depth ........cccoooiiiiiiiiiiee
7.25. 113 POIAIILY ..oooiiiiiiiiceee e
7.2.5.1.14 Background for colored objects ............ccccoevvernennn.
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[-26
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= 7.25.2.2 Viewing distance and screen size ............ccccoceevvne, 7-30
= 72523 Viewingangle ............ SRR, e, 7-30
m  7.25.2.4 Image luminance and light distribution ................... 7-30
B 7.2525 Character style .......cccooviiiiiiiiiii e 7-30
B 7.252.6 CharaCter SiZe .......ccccviiiiiiiiiiieiie e 7-31
O 7.25.2.7 LUMINANCE rAti0 ...occvvvivvieiiieiiie i 7-31
= 7.25.2.8 Minimum luminance ratio ...........ccccooeeneiicincnnns 7-31
m7.25.2.9 SUPErimposed IMAGES ......ccccevveeervreeirreeiieeesveeens (-31
m 725210 AlIgNMENt ..o 7-31
m 7.25.2.11 Minimizing distortion ...........ccccocoevviviiniiniiene, =
o 7.2,5.2.12 Projection displays ........ccccccovvveiiiieiiiie e
o 7.2.5.2.13 Reflected luminance of screen ...,
o 7.2.5.2.14 Alternative projection methods ..........cccccccveeeinennne, 7-31
7.2.6 Dot matrix
and segmented
AISPIAYS s 7-32
m 7.2.6.1 Seven-segment displays .........ccccocveviiieeiiieeniiee e, 7-32
B 7.2.6.2 MAriX SIZE .oooiiiiiiiiiieeie e 7-32
w7263 Visualangle ... [-32
0 7.26.4 Viewing angle .......oocoviiiiii e 7-32
m 7.2.6.5 Emitter color ... 7-32
B 7.2.6.6 Intensity control ........c.cocovvviiiiiiiiii 7-32
7.2.7 Light emitting
QIOAES e 7-32
B 7.2.7.0 GENETAL .o 7-32
0 7.27.2 WHheNTO USE .....cooviviiiiiiccc 7-32
o 7.2.7.3 Intensity control ... 7-33
B 7.2.7.4 Color COdiNg ..cccvveiiiieiiiec e 7-33
w7275 Testing ...ccoovevivcivcicciicn, s 7-33
= 7.2.7.6 Location of red alphanumeric LEDs and
segmented diSPlays .......ccccoovveeviiieiiie e 7-33
7.2.8 Special
ISPIaYS 7-33
7.2.8.1 Flat-panel
QISPIAY S e 7-33
o 7.2.8.1.1 Character formation -- vertical orientation .............. 7-33
o 7.2.8.1.2 Character formation -- nonvertical orientation ........ 7-33
o 7.2.8.1.3 Character stroke Width ...........cccocoiiiiiiiiiiiiiiiiis 7-33
Exhibit 7.2.8.1.3 Stroke width for pixel-generated
ChArACTEIS ..o 7-33
o 7.2.8.1.4 Character height-width relationship ........................ 7-34
Exhibit 7.2.8.1.4 Height-width relationship for
pixel-generated characters ...........cccoccevvieeviie e, 7-34
o 7.2.8.1.5 Image formation time ..........cccoceevviee i, 7-34
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0 7.2.8.1.6 Pixel failure rate .........cccovveiiieniniii e, 7-34
o 7.2.8.1.7 Textredundancy to counteract display

element failure .........ccooiiiii e, 7-34
o 7.2.8.1.8 Display polarity ........cccccovvveiiiiiiiie e 7-34
o 7.2.8.1.9 First-surface treatment for flat
panel displays .......ccceeviiiiiiie i 7-34

7.2.8.2 Liquid crystal

QISPIAY S e 7-34
o 7.2.8.2.1 Ambient illumination ...........ccccoeeiiiiiiiniieeen, 7-35
O 7.2.8.2.2 POIAMILY ..oooiiiiiicicece e 7-35
o 7.2.8.2.3 Minimize backlighting ..........ccccoiviiiiiiiiec e, 7-35
o 7.2.8.24 Low ambient illumination ............cccccovviiniiinnnnnn, 7-35
o 7.2.8.25 Minimize off-axis of backlighted LCDs ................. 7-35

7.2.8.3 Gas plasma

QISPIAY S e 7-35
O 7.2.8.3.1 PrototyPes .....ceeveiieiiiiiiiiiiiiie e 7-35
o 7.2.8.3.2 Verified DYy USErs ....ccccooiviiiiieiee e 7-35

7.2.8.4

Electroluminescent

QISPIAY S e 7-35
n 7.2.8.4.1 Applicable guidelines ........cocoocvvoieervverieeieeeisns %
= 7.2.8.4.2 Alphanumeric character and symbol size ................ -
O 7.2.8.4.3 Prototyping ....ccccceveiiiiieiiiie e 7-36
0 7.2.8.4.4 Verified DY USErS ...cccoooieiiiiie e 7-36

7.2.8.5 Stereoscopic

QISPIAY S e 7-36
o 72851 Meaningful use ............. SO %
o 7.2.85.2 No performance degradation ..............ccoceccevieninne, -
o 7.2.8.5.3 No interocular crosstalk ...........ccccovviiiiiiiiniiiinns 7-36
o 7.2.8.5.4 Color in three-dimensional displays .............ccc........ 7-36
o 7.2.855 Dynamic displays ............ccccoceevnirnn e 7-36
o 7.2.85.6 Spatial separation of depth-coded objects ............... 7-36
O 7.2.8.5.7 SIZE SCAlING ..ovvveiiiie i 7-36
o 7.2.8.5.8 Luminance and depth ........c.cccoooeeiiiiiiiiec e, 7-36

7.2.8.6 Touch-

INTEFACTIVE JBVICES oot e e et e e et e e et e e e te e e e nnaeeeanaeeeas 7-37
o 7.2.8.6.1 Minimal parallax ........c..ccccoveviiiiiie e, 7-38
o 7.2.8.6.2 Minimal specular glare ..........ccccccovviiiie i, 7-38

7.2.9 Counters,

printers, and flags

ISPIAYS 7-38

January 15, 1996 FAA Human Factors Program  7-ix



Section 7 contents HFDG
Exhibit 7.2.9 Characteristics and ratings of
counters, printers, and flags for various
USES eteeee ettt e e ettt e e et e e e e e e e e e e e e e e e e e e e aa 7-38
7.2.9.1 COUNTEIS it e et e et e e et e e e e s bt e e e e e e bt r e e e e e bbr e e e e anrneaeans 7-38
0 7.29.1.1 WHENTO USE ..oviiiiiiiiieiiieeiie e 7-38
B 7.29.1.2 MOUNLING .oiiiiiieeiie e 7-39
B 7.2.9.1.3 MOVEMENT ..ooiiiiiiiee e /-39
B 7.29.1.4 HIUuMINation .......ccooovviiiiiiiii e 7-39
= 7.2.9.1.5 Spacing between numerals ...........c.ccocoevieiiiiiniienne /-39
B 7.29.1.6 FINISN (ooiiii 7-39
B 7.2.9.0.7 CONIASE ..ooeiiieiiieie e 7-39
7.2.9.2 Printers and
alphanumeric hard
COPY AISPlAYS e 7-39
0 7.2.9.21 WHEN O USE ..oviviiiiiiiiiieee e 7-39
B 7.2.9.2.2 CONIASE ....oveiiiiiiiie e -39
B 7.2.9.2.3 HIUMINALION ....oooiiiiiiiii e, 7-39
B 7.2.9.2.4 TaKe-Up ProViSiON ......cccccceeiiiieeiiieeiiieesiiee e 7-40
O 7.2.9.25 ANNOLALION ..ocoeoviiiiiiiiiieee e 7-40
72926 Legibility .....oooveii e, 7-40
B 7.29.2.7 Printed €dges ......ccooveiiieeiiiie e 7-40
= 7.2.9.2.8 Control, replenishment, and service ...........ccc.ccoe... 7-40
7.2.9.3 Plotters,
recorders, and graphic
data hard COPY AISPIaYS oo 7-40
O 7.2.9.3.1 WhHEN O USE ..ovvviiiiiiieiiieiee e 7-40
B 7.29.3.2 VIiSIDIILY oo 7-40
B 7.2.9.3.3 CONIASE ...oeeiieiiiiie e -40
B 7.2.9.3.4 Take-Up ProViSioNn .......cccccceeviieeiiieesiieesieee e, 7-40
B 7.2.9.35 JOD @I0S .oiivieiiiiiiecee e 7-41
m 7.2.9.3.6 Smudging and SMearing .........cccceeevveevivreeiiveeesiveeenns 7-41
B 7.2.9.3.7 ANNOLALION ..ovvviiiiiiiiiiece e 7-47T
= 7.2.9.3.8 Control, replenishment, and service ...........cc...coe.... 7-41
7.2.9.4 Flags e 7-41
O 7.29.41 WHENTO USE ..ovvviiiiiiieiiieiie e 7-41
B 7.2.9.42 MOUNLING oo 7-41
B 7.2.9.43 SNAP ACLION ..vvvviiiiieiiiiiiiiiiiiie e [-47
B 7.2.9.4.4 CONIAST ....ovviiiiiie e 7-41
m 7.2.9.45 Malfunction indication ...........cccevvvniienieninennenn 7-41
B 72946 LEOENd ....cooooiiiieie e 7-41
B 7.2.9.4.7 TSt ProOVISION ..ococivviiiiieiiiie e 7-42
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7.3 Audio

AISPIAY S e 7-42

7.3.1 General e 7-42
o 7.3.1.1 Single audio displays ........ccccevvveiiieeiiiie e 7-42
0 7.3.1.2 WHhEN O USE ..ocvviiiicieiiicccce s 7-42
O 7.3.1.3 SIgNal tYPe ..oooeiiiee e 7-42

Exhibit 7.3.1.3 Characteristics and ratings of
audio signals for various USES .........cccccevvvveeviieeiiieesiiiee e, 7-43

B 7.3.1.4 False alarms ... 7-42
= 73.15 Failure .......... e 7-42
m  7.3.1.6 Circuit operability teSt ........c.ccccoveiviieiiiie e 7-42
®  7.3.1.7 Redundant visual warning .........c.ccceceeeviiveniieesinnennn, 7-43

7.3.2 Audio

warnings and SigNalS ... 7-43

7.3.2.1 GeNEral e 7-43
0 732011 General ... 7-43
m  7.3.2.1.2 Alerting and warning system .........c.ccccccvevviveeiinnenne, 7-44

7.3.2.2 Characteristics

Of Warning SIgNAIS oo 7-44
o 7.3.2.2.1 Nature of signals .......cccevieeiiii i, 7-44
m 73222 Two-element signals ........cccccoeveviieeiiiie i, 7-44
m  7.3.2.2.3 Single-elementsignal ...........cccoceeviiiiiie i, 7-44
m 7.3.22.4 Caution signals ..o [-44
m  7.3.2.25 Relation to visual displays .........ccccccoevveiiieeiiieennne 7-4Z
B 7.3.2.2.6 Frequency range .......ccccoccvvveeiieeeiiiiiiiinnnieee s snniinnns (-4
B 7.3.2.2.7 SpUrious Signals ........ccccevieiiiiiiii e 7-44
m 7.3.2.2.8 Audibility ...................... ST R 7-44
= 7.3.2.2.9 Compatibility with clothing and equipment ............ 7-44

7.3.2.3 Signal

characteristics

versus operational

conditions and

OB I S et 7-45
73231 AUdiDility ..o, 7-45
B 7.3.2.3.2 Maximum intensity .......cccccceviieeviie e, 7-45
O 7.3.2.3.3 AUENTION .ooiiiiiicie e 7-25
o 7.3.2.3.4 Onset and sound pressure level ..........cccceviveeinnenns 7-45
o 7.3.2.3.5 Dichotic presentation ............ccccceevveeiiieeiiiee e, 7-45
B 7.3.2.3.6 HEAASEL ...ooviiiieiiiieciee e 7-45
o 7.3.23.7 When not to use headsets ...............cecoevvininiiecinnn, 7-45
m  7.3.2.3.8 Multiple audio signals ..........ccccevvieeviieeiiiec e 7-46
B 7.3.2.3.9 COUING .ooiviieiiiee e 7-46
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Intelligibility criteria

Exhibit 7.3.5.6.2 Speech intelligibility criteria
for various communication requirements and

evaluation methods
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7 Human-equipment interfaces

7.1
Display-control
integration

7.1.1 Basic
display-control
relationships

This section contains human factors engineering criteria and
guidelines for the design and selection of displays and controls
that are part of the human-equipment interfaces in FAA systems.
Both general and specific design criteria and guidelines are
provided for display-control integration, visual displays, aural
displays, various types of controls, and labeling.

This section contains design criteria and guidelines addressing the
relationships, groupings, and movement of displays associated
with controls.

7.1.1.1 Relationship. The relationship of a control to its
associated display and a display to its associated control shall be
immediately apparent and unambiguous to the maintainer.

Discussion. Display-control relationships can be made
apparent through the use of one or more of the following:
proximity, grouping, coding, demarcation, labeling,
spacing, color coding, insert panels, and panel relief.

7.1.1.2 No obstruction. The control itself should not obscure the
display. Similarly, the maintainer’s hand should not obscure the
display while he or she is operating the control.

Discussion. Frequently, controls are located below
displays so that both right- and left-handed people are
accommodated.

7.1.1.3 Complexity and precision. The complexity and precision
of displays shall not exceed the ability of the maintainer to
discriminate detail. Similarly, the complexity and precision of
controls shall not exceed the maintainer’s manipulative capability,
including manual dexterity, coordination, and reaction time, under
the dynamic conditions and environment in which his or her
performance is expected to occur.

7.1.1.4 Feedback. A display associated with an input control
device shall provide feedback for any operation of the control. In
general, this feedback shall occur so rapidly that the maintainer
perceives it to be instantaneous (see also paragraph 7.1.3.2).

7.1.1.5 Time lag. There should be no discernable time lag
between a change in a system condition being monitored and its
indication on a display. If there is a time lag between control
activation and ultimate system state, the system should provide
immediate feedback to the maintainer of the process and direction
of parameter change.
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7.1.2 Grouping of
displays and controls

7.1.1.6 Illumination. Adjustable illumination shall be provided
for all visual displays and for any labels or markings for displays,
con'EjroIs, and panels that must be read at night or under darkened
conditions.

7.1.1.7 Simultaneous access. If more than one maintainer
requires simultaneous access to the same controls and displays,
each maintainer shall have the physical and visual access to the
controls and displays necessary to perform his or her tasks.

7.1.1.8 Emergency controls and displays. Emergency controls
and displays shall be located where they can be seen and reached
quickly and easily.

7.1.2.1 Functional grouping. If functional(?rouping is used,
related controls and displays shall be located near one another
ang arranged in functional groups, for example, power, status,
and test.

7.1.2.2 Location based on order of use. The controls and
displays within a functional group shall be located to provide for
left-to-right or top-to-bottom order of use, or both.

7.1.2.3 Arrangement of groups. Provided that the integrity of
?roupin% by function and sequence is not compromised, the more

requently used and the most important groups should be located in
areas of easiest access.

Example. If two groups of controls are located on a panel
(both of which are arranged by function and sequences), the
most frequently used and most important of the two groups
is to placed within the easiest access.

7.1.2.4 Marking functional groups. A functional group of
controls and displays should be indicated by a technique such as
enclosing the group with a line marked on the panel or color
coding the group.

7.1.2.5 Consistency. Provided that the integrity of grouping by
function and sequence is not compromised, the location of
recurring functional groups and individual items on different
panels shall be consistent from panel to panel. Additionallﬁl, the
arrangement of functionally similar controls and displays shall be
similar when used in different locations on the same panel.
Mirror image arrangements shall not be used.

7.1.2.6 Location and arrangement. If a maintainer uses large
numbers of controls and displays, their location and arrangement
shall aid him or her in determining which control is used with
which display, which control affects which equipment
component, and which display describes which component.
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7.1.2.7 Arrangement within groups. Controls and displays
within functional groups shall be arranged to correspond to
operational sequence, function, or both.

7.1.2.8 Logical flow arrangement. If there is no unique
operational sequence, the controls and displays within a
functional %roup should be arranged in a manner consistent with
their logical flow.

7.1.2.9 Arrangement by importance or frequency of use. If the
controls and displays within a functional group are not used in
any specific sequence, they should be arranged either in
accordance with their importance or their frequency of use.

7.1.2.10 Different arrangement of controls and displays. If
controls are arranged in fewer rows than displays, controls
affecting the top row of displays shall be positioned at the far left;
controls affecting the second row of displays shall be placed
immediately to the right of these, and so on.

7.1.2.11 Vertical and horizontal arrays. If a horizontal row of
displays is associated with a vertical column of controls or vice
versa, the farthest left item in the horizontal array shall
correspond to the top item in the vertical array. However, this
type of arrangement shall be avoided whenever possible.

7.1.2.12 Simultaneous use. A visual display that is monitored
concurrently with manipulation of a related control shall be
located so that the maintainer does not have to observe the
display from an extreme visual angle, thus avoiding the possible
introduction of errors due to parallax.

7.1.2.13 Multiple displays. If a maintainer needs to manipulate a
control while observing more than one display, the control shall
be placed as near as possible to all of the related displays, but not so
that it obscures any of the displays or so that the maintainer
obscures any of the displays as he or she manipulates the control.

7.1.2.14 Combined control. If more than one display is affected
by a combined control, such as ganged knobs, the displays shall
be arranged from left to right with the combined control below
the center of the displays sthe relationship between ganged knobs
and their associated displays is illustrated in exhibit 7.4.4.5.5).
The combined control shall not obscure any of the displays, and
the maintainer shall not obscure any of the displays as he or she
manipulates the control.

7.1.2.15 Displays selected by switches. If one of a group of
displays is selected for viewing with a rotary selector switch, the
displays shall be arranged so that their sequence corresponds to
the switch positions. For example, the top or left-most display
might correspond to switch position one; the next display down
or to the right, to switch position two, and so on. If the switch
includes an OFF position, the OFF position shall be to the left of the
first active position (that is, it shall be the most counter-
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7.1.3 Movement
relationships

clockwise position). If applicable, displays that are not selected
shall read off-scale, not zero.

7.1.2.16 Separated controls and displays. If controls are located
on panels separate from their associated displays, the control and
display panels should be adjacent to each other.

Discussion. The preferred arrangement is to place the
display panel above the control panel.

7.1.2.17 Arrangement of separated controls and displays. If
controls and displays are located on separate panels, the
arrangement of the controls shall correspond to the arrangement
of the associated displays.

7.1.2.18 Correspondence of controls and displays with
equipment. If applicable, the arrangement of controls and
displays shall correspond to the physical arrangement of their
associated units or components of equipment.

7.1.2.19 Alternative techniques. If none of the preceding criteria

r guidelines for arranlqlng controls and displays applies, some other
technique, such as color coding, should be used to indicate the
association of controls and displays.

7.1.3.1 Display response to control. The response of a display
to movements of its associated control shall be consistent,
predictable, and compatible with the maintainer’ expectations.

7.1.3.2 Display response time. The delay between the movement
of a control and the response to that movement on the display shall
be minimized. The delay shall be consistent with safe an
efficient system operation.

7.1.3.3 Moving pointer, circular scale. Clockwise movement of a
rotary control or movement of a linear control forward, up or to
the right shall produce a clockwise movement of circular scale
pointers and an increase in the magnitude of the reading.

7.1.3.4 Moving pointer, linear scale. Clockwise movement of a
rotary control or movement of a linear control forward, up or to
the right shaIIJ)roduce a movement up of a pointer on a vertical
linear scale and to the right of a pointer on a horizontal scale; in both
cases, the control movement shall result in an increase in the
magnitude of the reading.

7.1.3.5 Digital displays and arrays of indicator lights.
Clockwise movement of a rotary control or movement of a linear
control forward, up, or to the rl%ht should produce increasing
values in dlgltal dlsplays and a bottom-to-top or left-to-right
movement in an array of indicator lights.
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= 7.1.3.6 Fixed pointer, moving scale. A display with a fixed
pointer and a moving scale shall be used only if an operation
re?uires it and it has been approved by the acquisition program
office (see paragraph 7.2.3.1.1).

m 7.1.3.7 Fixed pointer, moving circular scale. Clockwise
movement of a rotary control or movement of a linear control
forward, up, or to the right shall produce a counterclockwise
movement of the scale and an increase in the magnitude of the
reading (see paragraph 7.1.3.6).

= 7.1.3.8 Fixed pointer, moving linear scale. Clockwise
movement of a rotary control or movement of a linear control
forward, up, or to the right shall produce a movement of the scale
down or to the left and an increase in the magnitude of the
reading (see paragraph 7.1.3.6).

= 7.1.3.9 Direct linkage. If there is a direct linkage between a
control and a display, such as a radio frequency selector control
and a station pointer display, the control and the indicator shall
move in the same direction. If the display is a rotary device that
moves through an arc of 180° or more, a rotary control shall be
used. If the display is a rotary device that moves through an arc of
less than 180°, a linear control shall be used.

= 7.1.3.10 Common plane. Controls shall be selected so that the
direction of movement of the control is consistent with the related
movement of an associated display and with the movement of any
associated equipment.

= 7.1.3.11 Movement direction. If a rotary control and a linear
display are in the same plane, the part of the control adjacent to
the display shall move in the same direction as the moving part of
the display.

= 7.1.3.12 Labeling. If the control-display relationships specified
in this section cannot be followed, controls shall be clearly
labeled to indicate the direction of control movement required.

7.1.4 Display to
control movement
ratio

= 7.1.4.1 Minimization of time. Display to control ratios for
continuous adjustment controls shall minimize the total time
required to make the desired control movement (that is, coarse
adjustment time plus fine adjustment time), consistent with
gislplay size, tolerance requirements, viewing distance, and time
elays.

= 7.1.4.2 Range of display movement. If awide range of display
element movement is required, a small movement of the control
shall yield a large movement of the display element. If a small
range of display element movement is required, a large
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7.2 Visual
displays

7.2.1 Principles
of display

7.2.1.1 General

movement of the control shall result in a small movement of the
display element, consistent with the final accuracy required.

7.1.4.3 Knob, coarse setting. If a knob is provided for making
coarse display element settings on linear scales, that is, settings
with a tolerance between 0.4 and 2.5 mm (0.016 and 0.100 ing,
one complete revolution of the knob shall result in moving the
display element approximately 150 mm (6 in).

7.1.4.4 Knob, fine setting. If a knob is provided for making fine
display element settings on linear scales, that is, settings with a
tolerance between 0.2 and 0.4 mm (0.008 and 0.016 in()], one
complete revolution of the knob shall result in moving the display
element approximately 25 to 50 mm (1 to 2 in).

7.1.4.5 Bracketing. If a rotary control will be used for bracketing
to locate a maximum or minimum rather than to achieve a specific
setting, for example, as in tuning a transmitter, rotation of the
control of not less than 10° and not more than 30° shall produce a
clearly noticeable peak or dip in the display.

7.1.4.6 Lever, coarse setting. If a lever is provided for coarse
settings, that is, settings with a tolerance between 0.4 to 2.5 mm
(0.016 to 0.100 in), three units of lever movement shall result in one
unit of movement of the display element.

7.1.4.7 Lever, coarse two-dimensional setting. If a lever is
provided to make coarse settings in two dimensions, that is,
settings with a tolerance of 2.5 mm (0.100 in), two and a half
units of lever movement shall result in one unit of movement of
the display element.

7.1.4.8 Counters. If a counter is provided, one complete
revolution of the control shall result in approximately 50 counts, for
example, five revolutions of a ten-count drum.

Almost all of the maintainer’s decisions and actions depend upon the
information presented to him or her by means of displays. This
section contains criteria and guidelines for visual displays.

7.2.1.1.1 Clear indication of conditions. Visual displays should
provide the maintainer a clear indication of equipment or system
conditions for operation and maintenance under any eventuality
commensurate with the operational and maintenance philosophies
of the system under design.

7.2.1.1.2 Legibility. Displays shall be legible under all
anticipated viewing conditions.
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7.2.1.2 Display
reliability and
validity

Discussion. Factors affecting the legibility of a display
include the nature and characteristics of the display itself,
ambient lighting, and viewing distance.

7.2.1.1.3 Alerting and warning displays. Alerting and warning
displays shall result in a greater probability of a maintainer’s
detecting the triggering condition than would be the case in their
absence (same as paragraph 7.2.1.5.1).

7.2.1.1.4 Content. The information displayed to a maintainer
shakll be sufficient to allow him or her to perform the intended
task.

7.2.1.1.5 Precision. Information shall be displayed only within
the limits and precision required for specific maintainer actions
or decisions.

7.2.1.1.6 Directly usable. Information shall be presented in a
directly usable form, that is, maintainers shall not have to
transpose, compute, interpolate, or mentally translate the
information displayed into other units.

7.2.1.1.7 Combined operator and maintainer information.
Information sEecific to operators and maintainers shall not be
combined within a single display unless (1) the content and
format of the information are well suited to combination and (2)
the combination does not hinder the performance of either
operators or maintainers (see also paragraph 6.11.4).

7.2.1.1.8 Unnecessary markings. Trademarks, company names,
and other markings not needed to identify a panel or aid in
performing tasks shall not be displayed on a panel face.

7.2.1.1.9 Display duration. Visual signals and other displayed
information shall be of sufficient duration to permit reliable
detection and use by the maintainer under the expected workload
and environmental conditions.

7.2.1.1.10 Timeliness. Displays that require refreshing of
information, such as cathode ray tubes (CRTs), head-up displays,
and collimated displays, shall be refreshed at a rate that ensures
that the displayed information is sufficiently current to permit
maintain;ers to perform their required tasks (see paragraph
7.2.4.1.1).

7.2.1.1.11 Advisory and alerting disEIays. If appropriate,
integ?rated displays, that is, displays that contain more than a
single type or piece of information, shall be capable of advising
or alerting the maintainer if one or more of the pieces of
information becomes critical.

This section contains general criteria and guidelines for display

reliability and validity. Additional specific criteria and guidelines

g(e |Pcluded in later sections pertaining to specific types of visual
isplays.
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7.2.1.3 Visual coding

7.2.1.4 Analog and
digital coding

7.2.1.2.1 Redundancy. Redundancy in the display of information
shall be avoided unless it is required for specified safety or task
performance reasons.

7.2.1.2.2 Display failure. Failure of a display or its circuit shall be
immediately apparent to the maintainer.

7.2.1.2.3 Display circuit failure. Failure of a display circuit shall
not cause a failure in the equipment associated with the display.

This section contains general criteria and guidelines for visual
coding. Additional specific criteria and guidelines are given in
sections pertaining to specific types of displays.

7.2.1.3.1 Objectives. Visual coding shall be used to facilitate:

a. discrimination among individual displays,

b. identification of functionally related displays,

C. indication of relationships among displays, and

d. identification of critical information within a display.

7.2.1.3.2 Visual coding methods. Displays shall be coded by
color, size, location, shape, or flash coding as applicable.

7.2.1.3.3 Consistency. Visual coding shall be consistent within a
system or unit of equipment and between similar units of
equipment.

7.2.1.4.1 Analog and digital coding. Information should be
coded in either digital or analog form.

Discussion. Displays such as meters, plotters, and bar
charts on CRTs are examples of analog displays; digital
counters and numbers presented on CRTs are examples of
digital displays.

7.2.1.4.2 When to use digital dQSﬁlays. Digital displays should
be used if there is a need for quick, precise readings o
quantitative values and trend information is not needed.

7.2.1.4.3 When not to use digital displays. Digital displays shall
not be used if (1) they are the only information displays and
perception of a pattern of variation is important or (2) values
change so slowly or rapidly that reading them is difficult.

7.2.1.4.4 When to use analog displays. Analog displays should
be used if (1) values need to be considered in relation to ranges or
zones or (2) trend information is required.
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7.2.1.5 Visual warning
and signal devices

7.2.1.5.1 Alerting and warning disBIays. Alerting and warning
displays shall result in a greater probability of a maintainer’s
detecting the triggering condition than would be the case in their
absence (same as paragraph 7.2.1.1.3).

Discussion. Insome cases it may be desirable to alert the
maintainer by providing an audible signal as well as a
visual signal (see section 7.3).

7.2.1.5.2 Alarm parameter selection. If applicable, the limits or set
points that initiate an alarm or warning display should be set so
that the alarm gives maintainers adequate time to respond to the
condition before it becomes more serious.

7.2.1.5.3 General alarms. Alarms that require a maintainer to go
to a different location for specific information should be avoided.
If they are used, they should allow sufficient time for the
maintainer to obtain and use the necessary information.

7.2.1.5.4 Prioritization of alarms. If a system or unit of
equipment permits several alarms to be visible or audible at the
same time, the alarms shall be prioritized so that maintainers can
differentiate the most important alarm or alarms from those that
are less important. If two or more systems or equipment are in an
alarm condition, then only the most important alarm shall be
audible; less important alarms shall be suppressed.

7.2.1.5.5 Priority levels. Prioritization of alarms shall be based
on their importance, severity, and time urgency. The number of
priority levels shall not exceed four.

7.2.1.5.6 Visual coding of priority levels. Visual signals should
be coded to indicate the priority level of the signal. Acceptable
codigglmethods include color, position, shape, flashing, and
symbol.

7.2.1.5.7 Audible coding of priority levels. If audible signals
accompany visual alarms, they, too, shall be coded by priority.
Acceptable coding methods for audible signals include pulse
coding, duration, and frequency. Intensity shall not be used as a
coding method. If pulse coding is used, the number of levels
shall not exceed three. If duration is used, the number of levels
shall not exceed three. If frequency coding is used, the number of
levels shall not exceed five.

7.2.1.5.8 Emergency conditions. Flashing red shall be used to
denote emergency conditions that require Immediate maintainer
action to avert impending injury, equipment damage, or both.
The flashing rate shall be from three to five flashes per second,
with approximately equal on and off times. If an emergency
condition exists and the flasher fails, the light shall illuminate
and burn steadily.
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7.2.1.6 Location
and arrangement

7.2.1.5.9 Visual tiles. If visual tiles are used, their legends shall be
in accordance with the criteria that follow.

a. Legends shall be concise, specific, and unambiguous.

b. Any abbreviations or acronyms used in legends shall be
consistent with usage throughout the equipment or system.

C. Legends shall be legible in worst-case conditions, for
example, from the far end of the room, or from a spot that
maximizes glare.

7.2.1.5.10 Singular in purpose. A visual alarm, with the
exception of master caution, warning, and advisory indicators,
shall be singular in purpose yet comprehensive in meaning. It
shall not refer the maintainer to other alarm indicators for other
warning information.

7.2.1.5.11 Automatic clearing of alarms. The equipment or
system that triggers an alarm shall clear the alarm automatically
when the triggering condition no longer exists.

7.2.1.5.12 Out-of-service alarms. If an alarm fails, the system
shall provide a prompt indication of the failure.

7.2.1.5.13 Testing of alarms. One or more controls shall be
provided to permit the testing of alarms.

7.2.1.6.1 Location. Displays shall be located so that a maintainer
can read them to the degree of accuracy required without having
to assume an uncomfortable, awkward, or unsafe position.

7.2.1.6.2_Accessibility. A maintainer should be able to read a
visual display without the use of a ladder, a flashlight, or other
special equipment.

7.2.1.6.3 Orientation and parallax. If feasible, display faces
shall be perpendicular to the maintainer’s line of sight. In no case
shall they be more than 45° from the line of sight as illustrated in
exhibit 7.2.1.6.3. Parallax shall be minimized.

7.2.1.6.4 Reflections. Displays shall be constructed, arranged,
and mounted to prevent interference from reflections of
illumination sources, windows, and other visual displays. If
necessary, shields, filters, or other techniques shall be used to
ensure that system performance is not degraded.

7.2.1.6.5 Vibration. Vibration of visual displays shall not hinder
maintainers in the performance of their tasks.

7.2.1.6.6 Grouping. All displays necessary to support a
maintainer’s activities or sequence of activities should be grouped
together.
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Exhibit 7.2.1.6.3 Lines of sight
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7.2.1.6.7 Function and sequence. Displays shall be arranged in
relation to one another according to their sequence of use or the
functional relations of the components they represent. If
possible, they shall do both, that is, they shall be arranged
sequentially within a functional group so that they provide a left-to-
right or top-to-bottom information flow within the group.

7.2.1.6.8 Frequently used displays. The displays used most
frequently should be grouped together and placed in the optimum
visual field, as illustrated in exhibit 7.2.1.6.8.

7.2.1.6.9 Im'oortant or critical displays. Important or critical
displays shall be located in the optimum visual field as illustrated in
exhibit 7.2.1.6.8. Furthermore, they shall occupy a privileged
position in that field, for example, the top or left-most position,
or they shall be highlighted in some manner.

7.2.1.6.10 Consistency. The arrangement of di3||o_lays_ within a
system shall be consistent in principle from application to
application.

7.2.1.6.11 Maximum viewing distance. If there is a control
associated with a display, the viewing distance from the eye
reference point of a seated maintainer to the associated display
and control shall not exceed 635 mm (25 in).

7.2.1.6.12 Absolute minimum viewing distance. With the
exception of CRT displays (see paragraph 7.2.1.6.14) and
collimated displays, the viewing distance from the eye reference
point to a display shall not be less than 330 mm (13 in).

7.2.1.6.13 Preferred minimum viewing distance. The viewing
distance from the eye reference point to a display should be at
least 510 mm (20 in).
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Exhibit 7.2.1.6.8 Optimim vertical and horizontal visual fields
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o 7.2.1.6.14 Minimum viewing distance to CRTs. The minimum
viewing distance from the eye reference point to a CRT should be at
least 250 mm (10 in), although the design should allow viewers

to move as close as they like.

1.2.2 This section contains criteria and guidelines for transilluminated
Transilluminated displays.
displays

Definition. A transilluminated display is a display in
which light passes through the element being viewed.
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7.2.2.1 General

These displays include panels and indicators that use
back- or edge-lighting and that use clear, translucent,
fluorescent, or sandwich material.

Criteria and guidelines are given for three general types of
transilluminated displays that are widely used: (1) legend lights
that Bresent information in the form of meaningful words,
numbers, symbols, and abbreviations, (2) simple indicator lights,
and (3) panel assemblies that present qualitative status or system
readiness information.

7.2.2.1.1 When to use. Transilluminated indicators should be
used to display qualitative information that requires immediate
attention or an immediate response. They may also be used
occasionally, if appropriate, to display maintenance and
adjustment information. Their use, however, should be
minimized in general, reserved for displaying only that
information necessary for effective operation and maintenance.

7.2.2.1.2 Meaning of illumination. Illumination of a
transilluminated display, including illuminated push buttons, shall
indicate equipment response, not simply a response to the
operation of a control.

7.2.2.1.3 Positive feedback. Changes in display status shall
signify changes in functional status, not simply a response to the
operation of a control.

7.2.2.1.4 Meanin? of no illumination. The absence or removal
of illumination of a transilluminated display shall not be used to
indicate (1) a malfunction, "no-go," or out-of-tolerance condition
or (2) a "ready" or in-tolerance condition unless the bulb can be
easlly tested by the operator. Similarly, the absence of illumination
shall not indicate a "power off" condition on a maintenance
display. The absence of illumination of a "power on" indicator is
acceptable for an operational display.

7.2.2.1.5 Grouping of indicator lights. Master caution lights,
master warning lights, master advisory lights, and summation
lights used to indicate the condition of an entire subsystem shall
be set apart from lights that show the status of subsystem
components, except as required in paragraph 7.2.2.1.8.

7.2.2.1.6 Location of transilluminated indicators. If a
transilluminated indicator is associated with a control, it shall be
located so that the association of the indicator with the control is
unambiguous and so that the light is visible as a maintainer is
operating the control.

7.2.2.1.7 Location of indicators for critical functions.
Indicators for critical functions shall be located within 15° of the
maintainer’s normal line of sight, as illustrated in exhibit
7.2.1.6.8. The lever, switch, or other control device by which
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the maintainer takes an action in response to the indicator shall be an
integral part of or located as close as possible to the indicator.

= 7.2.2.1.8 Maintenance displays. Indicator lights used solely for
maintenance and adjustment shall be covered or nonvisible during
normal operation of the equipment, but shall be readily accessible
when needed.

m 72219 Luminance. The luminance of a transilluminated
display shall be compatible with the expected ambient
illuminance level, and shall be at least 10 percent greater than the
surrounding luminance. If glare must be reduced, the luminance of
the transilluminated display shall not exceed 300 percent of the
surrounding luminance.

m 722110 Variable luminance. If adisplay will be used in
varied ambient illuminance, a dimming control shall be provided.
The range of control shall permit the display to be legible under
the expected range of ambient illuminance. The control shall be
capable of providing multiple steps or continuously variable
illumination. Dimming to full OFF may be provided in
noncritical operations, but shall not be used if inadvertent failure to
turn an indicator ON could lead to a critical maintenance failure,
such as the failure to detect or perform a critical step in a
maintenance procedure.

m 7.2.2.1.11 False or obscured indication. Indicators shall be
arranged, mounted, or shielded to prevent direct or reflected light
from making indicators appear to be illuminated when they are
not or appear not to be illuminated when they are.

= 7.2.2.1.12 Contrast within an indicator. The luminance contrast
within an indicator shall be at least 0.1. Special displays
specifically designed for legibility in sunlight are exempt from
this criterion.

Definition. Luminance contrast is the contrast between
a figure and its background. Luminance contrast (C) is
equal to the difference between the higher luminance
value (L) and the lower (L) divided by the lower value
(Lz): C= (Ll - Lz)/Lz

m  7.2.2.1.13 Low ambient illumination. If low ambient
illumination is expected, the luminance contrast should be at least
9.0 with the background luminance less than the figure
luminance.

= 722114 Lamp redundancy. Incandescent lamps used in
displays shall be redundant, either through dual filaments or dual
lamps. When one filament or lamp fails, the intensity of the
display shall decrease sufficiently to indicate the need for lamp
replacement, but not so much that the performance of a
maintainer is degraded.

= 722115 Lamp testing. If a control panel includes indicator
lights using incandescent lamps, it shall also include a means to
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7.2.2.2 Legend lights

test the lamps (see paragraph 7.2.7.5, for exception). If
maintenance procedures require dark adaptation, a means for
reduc_zjnggj the total brightness of the indicators during testing shall be
provided.

Discussion. If the panel contains three or fewer lamps, it is
preferable that each lamp have its own "press-to-test"
control. Otherwise, it is preferable that there be a single
control that tests all lamps at the same time.

7.2.2.1.16 Indicator circuit testing. A means should be provided
for testing the operation of indicator circuits.

7.2.2.1.17 Removal and replacement of lamps. WherePossible,
lamps shall be removable and replaceable through the front of the
display panel. Removal and replacement of lamps shall not
requilre the use of tools and shall be accomplished easily and
rapidly.

7.2.2.1.18 Nonhazardous lamp replacement. The removal and
replacement of lamps while power is applied to the equipment
shall not pose a hazard to the maintainer and shall not damage
indicator circuit components.

7.2.2.1.19 Proper installation of indicator covers. If the design of
indicator covers does not prevent their inadvertent interchange, a
means shall be provided for checking the covers after installation
to ensure that they are properly installed.

7.2.2.1.20 Color coding. Color coding of transilluminated
displays shall be in accordance with exhibit 7.2.2.1.20.

7.2.2.1.21 Flashing lights. The use of flashing lights shall be
minimized. They shall be used only to call a maintainer’s
attention to a condition requiring immediate action. The flash
rate shall be not less than three and not more than five flashes per
second, with the on and off times being approximately equal. If
more than one flashing indicator is located within a maintainer’s
field of view, their flashes shall be synchronized. If the indicator is
activated but the flashing device has failed, the light shall remain
ON.

7.2.2.2.1 When to use. Legend lights shall be used in preference to
simple indicator lights except where design considerations
demand that simple indicators be used.

7.2.2.2.2 Color coding. The color coding of legend lights shall
conform to exhibit 7.2.2.1.20.

7.2.2.2.3 Size of legend lights. Legend lights indicating existing
or impending hazards (flashing red, red, and ?/ellow) and master
summation "go" (green) and "no-go" (red) shall be discriminably

larger than other legend lights.
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Exhibit 7.2.2.1.20 Color coding of transilluminated displays

Color Use Examples
flashing red to indicate an emergency
condition that requires
immediate action to avert
impending injury, equipment
damage, or both
red to indicate that (1) the system or “no-go”
a portion of the system is “error”
inoperative, or (2) successful “failure”
task completion is not possible “malfunction”
until appropriate corrective or
override action is taken
yellow to indicate (1) a marginal
condition, (2) an unexpected
delay, (3) that caution is
necessary, or (4) that rechecking
is necessary
green to indicate that (1) equipment is “go ahead”
“in tolerance,” (2) conditions are “in tolerance”
satisfactory, or (3) it is all right “ready”
to proceed “function activated”
white to indicate system conditions (1) indicating which of several
that do not have “right” or functions has been selected, (2)
“wrong” implications indicating a transitory condition
such as an action or test in
progress, provided such
indications have no implications
of success or failure
blue to advise only

= 7.2.2.2.4 llluminated label versus illuminated background. An
illuminated label and an opaque background shall be used: (1) if
dark adaptation of the maintainer’s eyes is required, (2) if the
level of ambient illumination is high, or (3) if needed under other
illumination conditions to distinguish control switches from
display indicators with similar or identical labels. An opaque
label on an illuminated background shall be used: (1) it the
indicator is a critical alerting indicator, such as a master warning
light, or (2) if dark adaptation is not required.

= 7.22.25 Lettering of legends. The size and other characteristics of
the lettering of legends on legend switches shall conform to

section 7.5.5.

= 7.2.2.2.6 Visibility and legibility of legend. In general, the
lettering on single-legend indicators shall be visible and legible
whether or not the indicator is illuminated. Warning and caution
legends are excepted from this requirement.
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Discussion. It is usually preferable that users not be able to
read warning and caution legends when they are not
illuminated.

= 7.2.2.2.7 Multi-legend indicators. Indicators that are capable of

presenting more than one legend shall present only one legend at a

time, that is, only the legend in use shall be visible. If the

indicator "stacks" the different legends, it shall be designed so
that it meets the following criteria.

a. Legends higher in the stack do not obscure legends lower in
the stack.

b. Parallax is minimized.

. The brightness and contrast between the legend and
background is approximately equal from one legend to
another.

7.2.2.3 Simple

indicator lights

7.2.2.3.1 When to use. If design considerations preclude the use of
legend lights, simple indicator lights should be used.

7.2.2.3.2 Spacing. The spacing between adjacent edges of simple
round indicator light fixtures shall permit unambiguous labeling,
signal interpretation, and convenient lamp removal and
replacement.

7.2.2.3.3 Coding. The coding of simple indicator lights by size
and color shall conform to exhibit 7.2.2.3.3.

Discussion. The different sizes shown in exhibit 7.2.2.3.3
are intended to vary the attention-demanding property of
the lights. It is assumed that larger lights are at least equal
in luminance to smaller ones.

Exhibit 7.2.2.3.3 Coding of simple indicator lights

Color

Size/type Red Yellow Green White
13 mm (0.5 Malfunction, Delay, check, Go ahead, in Functional or
in) diameter action stopped, recheck, tolerance, physical
or smaller/ failure, stop acceptable, ready position,
steady action action in
progress
25 mm (1 in) Master Extreme Master
diameter or summation caution summation
larger/steady (system or (impending (system or
subsystem) danger) subsystem)

25 mm (1 in)
diameter or
larger/flashing
(3 to b per sec)

Emergency condition
(impending personnel
or equipment

disaster)
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7.2.2.4
Transilluminated panel
assemblies

7.2.3 Scale
indicators

7.2.3.1 General

7.2.2.4.1 When to use. Transilluminated panel assemblies should
be used to:

a. Provide illuminated labels for control panels,
b. serve as a light source for transilluminated control knobs,
C. provide illuminated association markings on a control

panel, for example, connecting lines between controls, or
outlines around a functionally-related group of controls,
displays, or both, and

d. create a diagrammatic representation of such things as a
system process or a communication network.

7.2.2.4.2 Large, single, pictorial graphic panels. Large, single,
pictorial graphic panels used to display system processing,
communications networks, or other similar applications shall
comply with the requirements for visibility, legibility, color, and
illumination as specified in this standard.

7.2.2.4.3 Replacing lamps. If replaceable incandescent lamps are
used as the source of illumination for integral lighting of panel
assemblies, the lamps shall be readily accessible without
disconnecting the panel. A sufficient number of lamps shall be
provided so that failure of one lamp will not cause any part of the
display to be unreadable.

7.2.2.4.4 Brightness. The brightness of illuminated markings and
transilluminated controls shall be compatible with the ambient
environment and operating conditions, for example, dark adaptation
requirements. Brightness controls (dimming) shall be provided as
?ecelssary to maintain appropriate visibility and dark adaptation
evels.

There are two general types of scale indicators, those in which
the scale is fixed and the pointer moves, and those in which the
pointer is fixed and the scale moves. In either case, the scales
can be circular, curved (that is, an arc), strailqht and oriented
vertically, or straight and oriented horizontally. Characteristics
and ratings of the goodness of each type for a variety of uses are
given in exhibit 7.2.3.1.
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Exhibit 7.2.3.1 Characteristics and ratings of fixed and moveable pointer scales for various

uses

Use

Scales
Moving pointer

Fixed pointer

Quantitative
information

Qualitative
information

Setting

Tracking

General

(Fair) May be difficult to read
while pointer is in motion.

(Good) Location of pointer
easy. Numbers and scale need
not be read. Position change
easily detected

(Good) Simple and direct
relation of motion of pointer to
motion of setting knob.
Position change aids monitoring

(Good) Pointer position readily
controlled and monitored.
Simplest relation to manual
control motion.

Requires largest exposed and
illuminated area on panel. Scale
length limited unless multiple
pointers are used.

(Fair) May be difficult to read
while pointer is in motion.

(Poor) Difficult to judge
direction and magnitude of
deviation without reading
numbers and scale

(Fair) Relation to motion of
setting knob may be
ambiguous. No pointer position
change to aid monitoring. Not
readable during rapid setting.

(Fair) No position changes to
aid monitoring. Relation to
control motion somewhat
ambiguous.

Saves panel space. Only small
section of scale need be
exposed and illuminated. Use
of tape allow long scale.

= 7.23.1.1 When to use. Moving-pointer, fixed-scale indicators
shall be used rather than fixed-pointer, moving-scale indicators.
The latter shall be used only if an operation requires it and if it
has been approved by the acquisition program office (see

paragraph 7.1.3.6).

o 7.2.3.1.2 Type of information. Scale indicators should be used
(2) to display quantitative information in combination with
qualitative information, for example, trend or direction-of-
motion, and (2) if quantitative information is to be displayed and

there is no need (such as speed or accuracy) for the use of printers

or counters.

m  7.23.1.3 Linear scales. Linear scales shall be used in

nonlinear scales unless system requirements clearly dictate
nonlinearity to satisfy maintainer information requirements.

= 7.2.3.1.4 Scale graduations. Scale graduations shall progress by 1,
2, or 5 units or decimal multiples thereof.

= 7.23.15 Intermediate marks. The number of minor or
intermediate marks between numbered scale marks shall not

exceed nine.

= 7.23.1.6 Numerals. Whole numbers shall be used for major
graduation marks unless the measurement is normally expressed

in decimals.
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7.2.3.2 Moving-pointer,
fixed-scale indicators

7.2.3.1.7 Scale starting point. Display scales shall start at zero
unless this is inappropriate for the information displayed.

7.2.3.1.8 Pointer length. Control and display pointers should
extend to, but not overlap, the shortest scale graduation marks.

7.2.3.1.9 Pointer tip. Each side of the pointer tip should be
tapered at a 20° angle (for a total included angle of 40°),
terminating in a flat tip equal in width to the width of the minor
scale graduations.

7.2.3.1.10 Pointer mounting. The pointer shall be mounted as
close as possible to the face of the dial to minimize parallax.

7.2.3.1.11 Pointer color. Pointer color from the tip to the center of
the dial shall be the same as the color of the marks. The tail of
the pointer shall be the same color as the dial face, unless the tail
is used as an indicator itself or unless the pointer is used for
horizontal alignment.

7.2.3.1.12 Luminance contrast. The luminance contrast between
the scale face and the markings and between the scale face and
the pointer shall be at least 3.0.

7.2.3.1.13 Calibration information. Provisions shall be made for
placing calibration information on instruments without degrading
dial legibility.

7.2.3.1.14 Coding. Coding, for example, by pattern or color,
should be used on the face of scale indicators to convey such
information as: (1) desirable, undesirable, and inefficient
operating ranges; (2) dangerous operating levels; and (3)
warnings and cautions.

7.2.3.1.15 Pattern or color coding. If a given range on a scale
indicates a desired operating or other condition, that range shall
be made readily identifiable by means of pattern- or color-coding on
the face of the indicator.

7.2.3.1.16 Use of colors. Red, yellow, and green shall be used in
accordance with the meanings specified in exhibit 7.2.2.1.20. If
usec(jj,_ they shall be distinguishable under all expected lighting
conditions.

7.2.3.1.17 Pattern coding. If a scale having ranges will be
viewed under low or colored illumination, the ranges should be
coded by patterns rather than by color.

7.2.3.2.1 Numerical progression. Numerical values shall
increase on fixed scales In the clockwise direction, from left to
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right, and from bottom to top, for curved, horizontal, and vertical
scales, respectively.
7.2.3.2.2 Orientation. Numbers on fixed scales shall be oriented in
the upright position.

7.2.3.2.3 Scale reading and pointer movement. The magnitude of
a scale reading shall increase as the pointer moves clockwise, up,
or to the right.

7.2.3.2.4 Zero position and direction of movement. If positive
and negative values are displayed in opposite directions from a
zero or a null position, the magnitude of a positive scale reading
shall increase as the pointer moves clockwise, up, or to the right,
and the magnitude of a negative reading shall increase as the
pointer moves counterclockwise, down, or to the left. If the
Indicator is circular, the zero or null point shall be located at
either the 12 or 9 o’clock position.

7.2.3.25 Pointer alignment, circular scales. If stable values
exist for normal operating conditions in a group of circular-scale
indicators, the indicators shall be arranged either in rows so that all
pointers line up horizontally on the 9 o’clock position under
normal operating conditions or in columns so that all pointers
line up vertically on the 12 o’clock position under normal
operating conditions. If the indicators are arranged in a matrix,
the pointers shall be aligned on the 9 olock position rather than the
12 oclock position.

7.2.3.2.6 Scale break. Curved scales that do not indicate
complete revolutions shall have a break between the two ends of
the scale of at least 10°.

7.2.3.2.7 Number of pointers. If precise readings are required,
no more than two coaxial pointers shall be mounted on one
indicator face.

7.2.3.2.8 Pointer alignment, noncircular scales. If stable values
exist for normal operating conditions in a group of indicators,
vertical scales sha?l be arranged in rows so that the pointers are
aligned horizontally, and horizontal scales shall be arranged in
columns so that the pointers are aligned vertically.

7.2.3.2.9 Relative position of scale marks and numbers. If
reading time and accuracy are critical, circular scale markings
and location of associated numbers shall be arranged to prevent
pointers from covering any portion of the scale marks or
numerals. Scale marks shall be on or close to the plane of the
pointer tip to minimize parallax.

Discussion. If readout accuracy is not critical, that is, if
the gross relationship between the pointer and a number is all
that Is required, the numbers may be placed inside the scale
markings, where they are obscured by the pointer when it
moves over them.

7.2.3.2.10 Placement of pointers. Pointers shall be located to the
right of vertical scales and at the bottom of horizontal scales.
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7.2.3.3 Fixed-pointer
moving-scale indicators

7.2.3.2.11 Placement of numbers. Numbers shall be placed on
the side of graduation marks away from the pointer so that the
pointer does not obscure the numbers.

Discussion. If the space for circular or curved scales is so
limited that the graduations would be difficult to read with
this placement, the numbers may be placed inside the
graduation marks.

7.2.3.3.1 When to use. A fixed-pointer, moving-scale indicator
shall be used only if an operation requires it and if it has been
approv§:d by the acquisition program office (see paragraph
7.1.3.6).

7.2.3.3.2 Numerical progression. On fixed-pointer, moving-
scale indicators, numbers shall increase in magnitude in the
clockwise direction around the face of a circular or curved dial so
that a counter-clockwise movement of the dial results in a higher
reading. On vertical or horizontal straight moving scales,
numbers shall increase from bottom to top or from left to right.
respectively.

7.2.3.3.3 Orientation. Numbers on moving scales shall be
upright when in the reading position, that is, as they move past
the pointer.

7.2.3.3.4 Alignment of pointer or fixed reference line. For
circular scales, the pointer or fixed reference line shall be aligned at
the 12 o’clock position for right-left directional information and
at the 9 o’clock position for up-down information. For purely
quantitative information, either position may be used.

7.2.3.3.5 Setting. If a display will be used for setting a value, for
example, tuning a receiver to a specific frequency, the unused
portion of the dial face shall be covered, and the open window
shall be large enough to permit at least one numbered graduation to
appear at each side of any setting.

7.2.3.3.6 Tracking. If a display will be used for tracking, as in
the cased of a directional indicator, the whole face of the dial shall be
exposed.

7.2.3.3.7 Moving taFe displays. If the length of a scale exceeds
the limits of the display and if compression of the scale markings
would make the display illegible or subject to errors in reading, a

moving tape scale should be used.

7.2.3.3.8 Composite scalar and pictorial displays.
Functionally-related information from scales, pointers, and
pictorialized symbols is sometimes combined to produce a single
display, for example, an artificial horizon or a display that shows
both true and relative bearings. The design of these composite
displays shall conform to the criteria and guidelines of this
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7.2.4 Cathode ray
tube displays

7.2.4.1 General

7.2.4.2 Color

section for direction-of-motion, scale-pointer relationships, and
legibility.

7.2.4.1.1 Refresh rate. Cathode ray tube (CRT) displays shall
meet either of the following criteria: (1) the screen shall be
refreshed at a rate of at least 50 Hz, or (2) the screen shall have
no apparent flicker to at least 90 percent of a sample of the user
population when viewed under the expected conditions of use.

7.2.4.1.2 Screen phosphor and persistence. General purpose
CRTs should use medium-persistence phosphors.

Discussion. High-persistence phosphors tend to produce

trails or after images behind moving elements, and low-

]E)Ierilstence phosphors are likely to result in a perceptible
icker,

7.2.4.1.3 Geometric distortion. The combined effects of all
geometric distortion should not displace any point on the
projected display from its correct position by more than 2 to 5
percent of picture height.

7.2.4.1.4 Chromatic aberration. Color fringes on images on
CRT displays shall not have an adverse effect on a user’s
perception or performance. These fringes may be perceptible.

7.2.4.1.5 Luminance. Either characters or their background,
whichever hag higher luminance, shall have a luminance of at
least 35 cd/m~ (10 fL).

Some commonly used color combinations for monochrome
monitors are black images on a white background, white images
on a dark background, green images on a dark background, and
amber images on a dark background.

7.2.4.2.1 Preferred colors. If light images on a dark background
will be viewed extensively, the images should be amber or green
rather than white.

7.2.4.2.2 Color saturation. If possible, highly saturated colors
should be used to maximize differences among colors. If hue
saturation combinations are used to provide different values for a
color code, caution should be taken to ensure that changes in
saturation do not produce colors difficult to see under some
viewing conditions, such as high levels of ambient illumination.

7.2.4.2.3 Color coding. Red, green, and yellow may be used to
code alphanumeric information; blue should be used only to code
large symbols and only if symbol identification is not a problem;

and white should be used to code peripheral signals. Color codes
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7.2.4.3 Ambient
illumination

should conform to conventional meanings as listed in exhibit
7.2.2.3.3.

7.2.4.2.4 Limitations of color usage. The following restrictions
gn the use of specific colors shall be incorporated into display
esign.

a. If oran?e is used, it shall be readily differentiated from
red, yellow, and white.

b. Magenta shall be used sparingly.

. Pure blue shall not be used on a dark background for text,
thin lines, or high resolution information.

d. Simultaneous presentation of both pure red and pure blue
(and to a lesser extent, red and green or blue and green) on
a dark background shall be avoided since they may result
in a three dimensional effect, unless this effect is
intentional or acceptable.

e. Dominant wavelengths above 650 nm shall be avoided
because people with protanopic vision are noticeably less
sensitive to these wavelengths.

f. Once a color is assigned a specific use or meaning, no
other color shall be used for the same purpose.

7.2.4.3.1 Screen luminance. The ambient illuminance shall not
contribute more than 25 percent of screen brightness through
diffuse reflection and phosphor excitation. A control shall be
provided to vary the CRT luminance from 10 percent of
minimum ambient luminance to full CRT luminance. A control
shall be provided to vary the luminous symbol and dark
background or dark symbol and luminous background contrast
ratio.

7.2.4.3.2 Faint signals. If the detection of faint signals is
required, and if the ambient illuminance may be above 2.7 lux
(0.25 ft-c), CRTs shall be hooded, shielded, or recessed. A filter
system shall not be used unless approved by the acquisition
program office.

7.2.4.3.3 Luminance range of adjacent surfaces. The
luminance range of surfaces immediately adjacent to CRTs shall
be between 10 and 100 percent of screen background luminance.
With the exception of emergency indicators, no light source in
the immediate surrounding area shall be of greater luminance
than the CRT signal.

7.2.4.3.4 Ambient illuminance. The ambient illuminance in the
CRT area shall be appropriate for other visual functions such as
setting controls, reading instruments, and maintenance, but shall
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7.2.4.4 Glare control

7.2.4.5 Viewing
distance, angle, and
screen orientation

not degrade the visibility of signals on the CRT display. If a CRT
display is used in variable ambient illuminance, illuminance
controls shall be provided to dim all light sources, including
illuminated panels, indicators, and switches in the immediate
vicinity of the CRT. Automatic ad%'ustment of CRT brightness
may be used if the adjustment is a function of ambient
illuminance and the range of adjustment is adequate for the full
range of ambient illuminance.

7.2.4.3.5 Medium to high ambient illumination. If the ambient
illumination in the vicinity of the CRT is in the medium to high
range, such as in normal office and control room illumination,
dark characters and symbols on a light background should be
used rather than light characters on a dark background (same as
paragraph 7.2.4.6.4).

Glare may be of two types, diffuse or specular. Diffuse glare is
caused bY the general environmental illuminance, which
effectively reduces the display contrast. Specular glare is the
appearance of unwanted images (reflections) on the displa
surface. The most effective method of glare control is to design
the workplace so that neither type is produced. Other methods
include screen meshes placed over the display surface, etched
faceplates, anti-reflective coatings, and bonded quarterwave
gilters. All of these degrade both contrast and resolution to some
egree.

7.2.4.4.1 Glare. Glare shall be minimized by (1) proper
placement of the CRT relative to light sources, (2) use of an anti-

lare treatment, such as a diffusing surface or an optical coating, or
?3) filter control of the light sources. Hoods shall not be used for
this purpose because they tend to restrict the viewing angle of
screens. Use of anti-glare treatments shall not violate the
requirements for luminance, contrast, and resolution contained in
this section.

7.2.4.4.2 Adjacent surfaces. Surfaces adjacent to the CRT shall
have a dull, matte finish in accordance with FAA-STD-001B.

7.2.4.4.3 Avoiding reflected %Iare. To the extent possible, glare
should be avoided by altering the angular relationships among the
user, the display, and the glare source. One way to do this is to
give the user the ability to adjust the height, viewing angle, and
contrast of the display.

7.2.4.4.4 Etched filters. Etches with gloss values of 45 or less
should not be used on monochrome CRTSs, and etched filters
should not be used on high-resolution displays.

7.2.45.1 Viewing distance. If practical, a 400 to 700 mm (16 to
28 in) viewing distance shall be provided.
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7.2.4.6 Alphanumeric
character displays

Discussion. If periods of viewing a CRT will be short, or if
dim signals must be detected, the viewing distance may be
reduced to 250 mm (10 in).

7.2.45.2 Variable viewing distance. The workplace design
ého_ulddpermlt the observer to view the CRT from as close as
esired.

7.2.4.5.3 Viewing angle and screen orientation. The CRT
screen should be directly in front of the viewer when the viewer
is in his or her normal working position. The line of sight from
the viewer’s eyes to the center of the screen should be between
10° and 20° below horizontal. The screen should be tilted back
so that the surface is perpendicular to the line of sight. The top
of the screen should not be above the viewer’s eye level.

7.2.4.5.4 Visual displa?/ terminals for office environments.
Visual display terminals for use in office environments shall
conform to the criteria and guidelines in ANSI/HFS 100-1988.

7.2.4.6.1 Font legibility. If alphanumeric characters appear on
CRT-like displays, the font style shall allow discrimination of
similar characters, for example the letter "I" and the number "1",
or the letter “Z" and the number “2". Fonts with serifs, variable
stroke widths, and slanting characters shall be avoided.

7.2.4.6.2 Character size (hei?ht). The vertical viewing angle for
alﬁhanumeric characters shall be 16 min of arc for black and
white displays and 21 min of arc for color displays. The
preferred angles are 20 min and 30 min, respectively. Exhibit
7.2.4.6.2 gives minimum character heights as a fraction of the
viewing distance for different types of information and two levels of
display brightness. It includes actual values for a typical viewing
distance of 457 mm (18 in).

Exhibit 7.2.4.6.2 Minimum alphanumeric character height; as a fraction of viewing distance
and, at a viewing distance of 457 mm (18 in)

Type of displayed High display brightness Low display brightness

information (1.0 fL or more) (.03to1.0fL)
Critical data, position on .0045 .007

display variable 2 mm (.08 in) 3.3 mm (.13 in)
Critical data, position .0035 .0055

fixed 1.5 mm (.06 in) 2.5 mm (.10 in)
Noncritical data .002 .002

(labels, etc.) 1 mm (.04 in) 1 mm (.04 in)
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7.2.4.7 Symbolic and
pictographic coding
and displays

7.2.4.6.3 Luminance contrast. Contrast between light characters
and a dark screen background shall be at least 6:1, or 1:6 for dark
characters on a light background. The preferred values are 10:1 and
1:10, respectively.

7.2.4.6.4 Medium to high ambient illumination. If the ambient
illumination in the vicinity of the CRT is in the medium to high
range, such as in normal office and control room illumination,
dark characters and symbols on a light background should be
used rather than light characters on a dark background (same as
paragraph 7.2.4.3.5).

7.2.4.6.5 Resolution. CRTs for displaying simple alphanumeric
text shall have a resolution of at least 0.8 resolution elements per
mm (20 per in). Alphanumeric characters should have at least 10
resolution elements per character height. If high reading speed is
required, high resolution monitors with at least 3.5 pixels per mm
(90 pixels per in) shall be used.

7.2.4.7.1 Pictorial and graphic situation formats. Pictorial or
situation data, such as plan position indicator data, shall be
presented as luminous symbols on a dark background.

7.2.4.7.2 Signal size. If a target of complex shape is to be
distinguished from other objects having complex shapes, the
target shape should subtend a visual angle of at least 20 min. An
angle of 40 min is preferred. At a viewing distance of 18 in,
these angles represent values of 1.5 mm (0.06 in) and 3.0 mm
(0.12 in), respectively. The complex shape should span at least
10 lines or resolution elements. Image quality should be
consistent with the maintainer’s needs.

7.2.4.7.3 Resolution. CRTSs for displaying complex symbols and
graphic detail should have at least 3.9 resolution elements per
mm (100 per in).

7.2.4.7.4 Display updating. Typical control room displays should
be updated at least as frequently as once every 4 seconds. Uﬁdating
may occur less frequently if consistent with the system and the
information needs of the maintainer. However, if updating occurs
less frequently than once every four seconds, the display should
include information about the age of the displayed information.

7.2.4.7.5 Character height-to-width ratio. The ratio of character
height to width shall be:

a. 1:0.7 to 1:0.9 for equally-spaced characters and lines of 80
or fewer characters,

b. at least 1:0.5 if it is necessary to have more than 80
characters per line, or
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7.2.5 Large-screen
displays

7.25.1 General

C. as much as 1:1 for characters such as M and W for
grngOEr;t)lonally-spaced characters (same as paragraph

7.2.4.7.6 Stroke width. Stroke width should be at least 1/12 of
character height.

7.2.4.7.7 Spacing between characters. Sﬁacing between
characters shall be at least 10 percent of character height (same as
paragraph 8.2.3.3).

7.2.4.7.8 Spacing between words. Spacing between words shall
be at least one character width for equally-spaced characters or
the width of capital N for proportionally-spaced characters (same as
paragraph 8.2.3.4).

7.2.4.7.9 Spacing between lines. Spacing between lines shall be at
least two stroke widths or 15 percent of character height,
whichever is greater. This space is in addition to any space
required for accent marks on upper case characters and
descenders on lower case letters (same as paragraph 8.2.3.5).

The selection or design of a large-screen display, especially a
projection displa?/, may be more complex than that of other
workstation displays. The effects of ambient illumination,
observer location, type of data to be displayed, visual acuity for
symbol size and contrast, screen size, screen format, symbol
luminance, and screen gain are all important factors.

Currently both direct view (such as, high luminance CRTs and
large plasma displays) and projection (such as, light valves and
projection CRTSs) large-screen displays are in use. Criteria and
guidelines for direct view large-screen displays are given in this
section and those for large-screen projection displays are given in
section 7.2.5.2.

7.25.1.1 When to use. Large-screen displays should be used if:

a. More than one maintainer needs to refer to the same
displayed information, but space or other constraints make
the use of a single, common display preferable to many,
individual displays.

b. One or more members of a team of maintainers need to be
able to move about, yet still need access to displayed
information.

7.2.5.1.2 When not to use. Large-screen displays shall not be
used if the spatial and environmental conditions do not allow all
critical maintainers to have appropriate visual access in terms of
viewing distance, angle, and lack of interference from intervening
objects, personnel, and ambient lighting. (If the display is
optically projected, see section 7.2.5.2.)

7.25.1.3 Viewing distance. The display shall be near enough that
the most distant viewers can resolve the critical details
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ﬁresented, but not closer to any viewer than 1/2 the display width or
eight, whichever is greater.

7.2.5.1.4 Physical interruption of view. A large-screen display
shall be located so that its critical users do not have their view of

it obscured by persons moving about in their normal traffic
patterns.

7.2.5.1.5 Control of displayed information. Control of large-
screen group disiplagl systems shall ensure that critical information
cannot be modiftied or deleted inadvertently or arbitrarily.
Changes in the group display shall be under the control of
designated maintainers who operate according to pre-established
procedures, on command of a person in charge, or both. If a user
must make changes that are of interest only to him or her, a separate,
remote display shall be provided.

7.2.5.1.6 Content of displayed information. The content of
displayed information shall be evident to a trained user without
requiring reference to display control settings. If their meaning is
not obvious, display elements shall be labeled.

7.25.1.7 Minimum matrix. If characters are formed from dot
matrixes, the matrix shall be at least 10 by 14 dots.

7.2.5.1.8 Character size. The height of letters and numerals shall
be at least 10 min of visual angle. The preferred minimum visual
angle is 15 min (same as paragraph 7.2.5.2.6 for large-screen
projected displays).

7.2.5.1.9 Luminance. Modulated outgut luminance, spatiall
averaged over the full screen, should be 300 to 400 lumens for
small rooms and 750 to 2000 lumens for large rooms, assuming
215 to 430 Ix (20 to 40 fc) ambient luminance in each case.

7.25.1.10 Character size and luminance. Large characters (>20
min of arc) should have a contrast ratio of at least 1.5:1.

7.2.5.1.11 Character aspect ratio. Character aspect ratio should
be approximately 1.33:1.48 (width:height ratio).

Definition. Aspect is the ratio of the horizontal to
vertical dimensions of a character or image.

7.2.5.1.12 Modulation depth. A display should deliver at least 15%
visual contrast when measured as modulation depth
[(Linax-Lmin)/Lmax], When an alternating pixel pattern is displayed at
normal luminance levels.

7.2.5.1.13 Polarity. Text should be displayed as dark characters on
a light background.

7.2.5.1.14 Background for colored objects. If the display
includes color-coded objects, the background should be a neutral
color such as gray.
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7.2.5.2 Large-screen
optical projection
displays

7.2.5.2.1 When to use. If ambient light can be properly
controlled, optical projection displays shall be used for
applications requiring group presentation, pictorial and spatial
information, past history versus real-time presentation,
synthetically generated pictures, simulation of the external world, or
superimposition of data from more than one source. Rear
projection shall be used where physical obstructions to front
ﬁrog]ectlor] result in poor visibility, or where work areas require
igh ambient illumination for other activities.

7.2.5.2.2 Viewing distance and screen size. The ratio of viewing
distance to screen size (measured diagonally) shall be not more than
8:1 and not less than 2:1.

Discussion. The optimum ratio is 4:1; the preferred range
is not less than 3:1 or more than 6:1.

7.2.5.2.3 Viewing angle. The angle off center line for viewing a
large-screen display shall not be greater than 30° for groups or
10° for individuals.

Discussion. The optimum viewing angle is 0°; the
preferred limit is 20°.

7.2.5.2.4 Image luminance and light distribution. The image
luminance with no film in the operating projectog shall be not less
than 17 cd/m? (5 fL), and not more than 70 cd/m? (20 fL). The ratio
of maximum to minimum luminance across the screen shall be not
greater than 3:1. The ratio of maximum to minimum luminance
as a function of viewing location shall be not greater than 4:1.
The ratio of ambient light to the brightest part of the image shall
be not greater than 1:10 for black and white images and 2:10 for
images with gray scale or color. The luminance of the screen
center at the maximum viewing angle shall be at least half its
maximum luminance.

Discussion. The optimum image luminance is 35 cd/m?
(10 fL), and the preferred range is from 27 to 48 cd/m? (8 to
14 fL). The optimum ratio of maximum to minimum
luminance across the screen is 1:1, and the preferred limit is
1.5:1. The optimum ratio of maximum to minimum
luminance as a function of viewing location is 1:1, and the
preferred limit is 2:1. The optimum ratio of ambient light
to the brightest part of the image is 0:1, and the preferred
range is 1:100 to 1:500.

7.2.5.25 Character style. A simple type font shall be used.
Stroke width shall be 1/6 to 1/8 of character height, but may be
narrower for light markings on a dark background. Stroke width
shall be the same for all letters and numerals of equal height.
Letter and numeral widths, character spacing, word spacing, and

7-30 FAA Human Factors Program January 15, 1996



HFDG

7 Human-equipment interfaces

spacing between lines shall conform to paragraphs 7.2.4.7.5,
7.2.4.7.7,7.2.4.7.8,and 7.2.4.7.9, respectively.

7.2.5.2.6 Character size. The height of letters and numerals shall
be at least 10 min of visual angle. The preferred minimum visual
angle is 15 min (same as paragraph 7.2.5.1.8 for large-screen
direct view displays

7.2.5.2.7 Luminance ratio. Under optimal ambient lighting
conditions, the luminance ratio for optically projected displays
should be 500:1.

Definition. Luminance ratio is the ratio of the
luminance of an object to that of its surrounding field or
background.

7.2.5.2.8 Minimum luminance ratio. The minimum luminance
ratio for viewing charts, printed text, and other line work shall be
5:1. For images that contain limited shadows and detail, for
example, animation, or photographs with a limited luminance
range, the minimum luminance ratio shall be 25:1. For images
that contain a full range of colors, or grays in black-and-white
photographs, the minimum luminance ratio shall be 100:1.

7.2.5.2.9 Superimposed images. Contrast may be either light on
dark background or vice-versa, except when images are
superimposed. For subtractive superimposition (superimposed at
the source), images shall be presented as dark markings on a
transparent background. For additive superimposition
(superimposed on the screen), images shall be light markings on
an opague background. Colored markings on colored
backgrounds of comparable brightness shall be avoided.

7.25.2.10 Alignment. Misregistration of superimposed
alphanumeric data or other symbols shall be minimized.

7.2.5.2.11 Minimizing distortion. Distortion of the projected
image shall be minimized b% ensuring that the screen is as nearly as
possible perpendicular to the light beam from the projector.

7.2.5.2.12 Projection displays. Projection equipment should be
ositioned so that the light source is not readily visible to viewers
ooking at the display.

7.2.5.2.13 Reflected luminance of screen. The contrast ratio of
the reflected luminance of the screen with a projected light source to
the reflected luminance of the screen without a projected light
source should be approximately 500:1.

7.2.5.2.14 Alternative projection methods. If there is a need for
increased contrast or to position personnel in the field of
projection, an alternative to ordinary optical projection should be
chosen, for example, rear projection.
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7.2.6 Dot matrix
and segmented
displays

7.2.7 Light emitting
diodes

7.2.6.1 Seven-segment displays. Seven-segment displays shall
only be used to present numeric information.

Discussion. Dot matrix, 14-segment, and 16-segment
displays may be used for applications involving interactive
computer systems, instruments, avionics, navigation, and
communication equipment, wherever the presentation of
alphanumeric, vector-graphic, symbolic, or real-time
information is required.

7.2.6.2 Matrix size. The smallest matrix for defining a symbol
shall be 5 by 7 dots. If system requirements call for symbol
rotation, the minimum size shall be 8 by 11 dots.

Discussion. The preferred minimum size for a dot matrix is
7 by 9 for stationary symbols and 15 by 21 for rotating
symbols.

7.2.6.3 Visual angle. Alphanumeric characters and symbols
formed from dot matrixes shall subtend a visual angle of at least
20 min.

7.2.6.4 Viewing angle. Dot matrix and segmented displays
should not be designed for viewing at an angle exceeding 35°
from perpendicular to the display.

7.2.6.5 Emitter color. Monochromatic displays shall use colors in

the following order of preference: green (555 nm), yellow (575

Bm), o&ange (585 nm), and red (660 nm). Blue emitters shall not
e used.

7.2.6.6 Intensity control. Dimming controls shall be provided if
applicable to maintain appropriate legibility and a maintainer’s
dark adaptation level.

7.2.7.1 General. Light emitting diodes (LEDs) shall conform to the
same)crlterla and guidelines as transilluminated displays (see section
7.2.2).

7.2.7.2 When to use. LEDs should be used for transilluminated
displays, including legend and simple indicator lights, and for
matrix (alphanumeric% displays, only if the display is bright
enough to be readable in the environment of intended use (see
also paragraph 7.2.2.1.9).

Note: The display may be "washed out" at high levels of
illumination.
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7.2.8 Special
displays

7.2.8.1 Flat-panel
displays

7.2.7.3 Intensity control. The dimming of LEDs should be
proportionate with the dimming of incandescent lamps in the
work place.

7.2.7.4 Color coding. The color coding of LEDs other than red
alphanumeric displays shall conform to the uses listed in exhibit
7.2.2.1.20. Red alphanumeric displays shall not be used near red
lights that are used in the ways stated in the exhibit.

7.2.7.5 Testing. LED indicator lights having a rating of 100,000
hours mean time between failures shall not require the lamp test
capability specified in paragraph 7.2.2.1.15.

7.2.7.6 Location of red alphanumeric LEDs and segmented
disEIays. Red LED and segmented displays shall not be grouped
with or located adjacent to red warning lights.

This section contains criteria and guidelines for special displays.
The displays covered are flat-panel, liquid crystal, gas plasma,
electroluminescent, and stereoscopic displays. Cell failure within
displays needs to be considered when selecting a particular type
of display because cell failures often lead to performance
problems.

In flat-panel displays, images are formed from discrete,
nonoverlapping, rectangular pixels. These images can differ
from images on cathode ray tubes in character-to-character
spacing, interline spacing, character and symbol design, the effect
of ambient illumination, image polarity, and failure mode.

7.2.8.1.1 Character formation -- vertical orientation.
Characters in a vertical orientation should be formed from a
matrix of at least 9 by 13 pixels.

7.2.8.1.2 Character formation -- nonvertical orientation.
Characters in a nonvertical orientation should be formed from a
matrllx of at least 8 by 11 pixels. The preferred size is 15 by 21
pixels.

7.2.8.1.3 Character stroke width. Character stroke width should
not exceed the minimum and maximum values given in exhibit
7.2.8.1.3.

Exhibit 7.2.8.1.3 Stroke width for pixel-generated characters

Minimum Maximum
stroke stroke
Pixels in upper case pixel pixel
character height count count
71t08 1 1
9to 12 1 2
13 to 14 2 2
15 to 20 2 3
21 to 23 2 4
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o 7.2.8.1.4 Character height-width relationsh(if. The width of
characters of a given height should not exceed the minimum and
maximum values given in exhibit 7.2.8.1.4. The exhibit also
includes the preferred values.

Exhibit 7.2.8.1.4 Height-width relationship for pixel-generated characters

Minimum Preferred Maximum
Pixels in upper case width pixel width pixel width pixel
character height count count count

© oo

5
7
8
9

10
11

© ©©ooN ooo
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1
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1

_ -
-0
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o 7.2.8.1.5 Image formation time. If motion artifacts are not
important, image formation time should not exceed 55 msec. If
motion artifacts are important, image formation time should not
exceed 10 msec.

o 7.2.8.1.6 Pixel failure rate. Displays should be selected and
maintained so that the pixel failure rate does not exceed 1%.

o 7.2.8.1.7 Text redundancy to counteract display element
failure. If display element failure is expected to be a problem,
the redundancy in text should be increased to minimize the
impact on reading performance due to the failures.

o 7.2.8.1.8 Display polarity. If character stroke width, modulation,
and luminance values are approximately equal for both polarities,
the positive polarity (dark characters on a light background)
should be used.

o 7.2.8.1.9 First-surface treatment for flat panel displays. All
flat panel dlspla?/s should incorporate a first-surface treatment to
diminish specular reflections.

7.2.8.2 Liquid crystal Liquid crystal displays (LCDs) are especially suited for

displays information display In environments where ambient illumination
is high. Their advantages include excellent contrast, long life,
rugged design, low voltage, and low power consumption (except
when backlighted). Their disadvantages include slow speed,
limited color capability, limited temperature range, and
manufacturing problems for larger panels with higher resolution.
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7.2.8.3 Gas plasma
displays

7.2.8.4
Electroluminescent
displays

7.2.8.2.1 Ambient illumination. LCDs should be used only with
adequate levels of ambient illumination.

Discussion. LCD reading performance improves as
?mblent illumination increases over the range 20 to 1500
X.

7.2.8.2.2 Polarity. For reflective LCDs, the image should be light
characters on a dark background; for backlighte (transmissiveg
LCDs, the image should be dark characters on a light
background.

7.2.8.2.3 Minimize backlighting. The use of backlighting should
be minimized.

Discussion. LCD reading errors increase 33 backlighting
increases over the range of 0 to 122 cd/m~.

7.2.8.2.4 Low ambient illumination. If LCDs are used in the
presence of low ambient illumination, users should be able to
adjust the viewing angle and the amount of backlight.

7.2.8.2.5 Minimize off-axis viewin? of backlighted LCDs. If
used, backlighted LCDs should be located so that off-axis
viewing is minimized.

A major advantage of gas plasma displays is the availability of
very bright, high-resolution displays, some of which can be
viewed in direct sunlight. Other advantages are uniformity, high
resolution, large size, long life, ruggedness, and the absence of
flicker. Some disadvantages are high voltage and power
requirements, complex drive circuits, low luminous efficiency,
and limited color capability.

7.2.8.3.1 Prototypes. The use of gas plasma displays should be
evaluated through prototyping before being incorporated in a new
system.

7.2.8.3.2 Verified by users. The acceptability of gas plasma
displays should be verified by the expected users.

Electroluminescent (EL) displays may be used wherever system
requirements dictate the use of transilluminated displays. They
offer the advantages of light weight, conservation of panel space,
low power requirements, lack of heat production, uniform
distribution of illuminance, long life, elimination of parallax, and
flexibility of display. They may also be used where sudden lamp
failure could result in catastrophic consequences.

7.2.8.4.1 Applicableguidelines. EL displays shall conform to
section 7.2.8.2, liquid crystal displays.

7.2.8.4.2 Alphanumeric character and symbol size. The height
of alphanumeric characters and geometric or pictorial symbols
shall subtend a visual angle of at least 15 min.
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7.2.8.5 Stereoscopic
displays

7.2.8.4.3 Prototyping. The use of EL displays should be
evaluated through prototyping before being incorporated in a new
system.

7.2.8.4.4 Verified by users. The acceptability of EL displays
should be verified by the expected users.

There are situations in which three-dimensional images can
enhance user performance or increase the "naturalness™ of the
presentation of complex spatial data. Three-dimensional display
technology may be "stereoscopic,” which requires that users wear
special glasses that provide different images to the two eyes, or
"autostereoscopic,” which does not require any special viewing
aids. Emerging technology in this area is likely to have the
disadvantages of limiting the field of view, the number of
viewers, and the nature of data that can be displayed.

7.2.8.5.1 Meaningful use. Three-dimensional displays should be
used only if the third dimension conveys a real benefit to the user.

7.2.8.5.2 No performance degradation. The three-dimensional
presentation of information should not slow information display,
degrade image quality, or degrade other aspects of system
performance.

7.2.8.5.3 No interocular crosstalk. There should be no
interocular crosstalk, that is, the left eye should not see the
images intended for the right eye, and vice versa.

7.2.8.5.4 Color in three-dimensional displays. Secondary colors
should be used in coding stereoscopic images; saturated primary
colors should be avoided.

Discussion. Saturated primary colors can produce depth
perceptions by themselves, which might interfere with the
stereoscopically produced depth perceptions.

7.2.8.5.5 Dynamic displays. If dynamic three-dimensional
displays are used, the temporal modulation of stereopsis should
be approximately 1 Hz to ensure the most accurate perception of
stereo motion.

7.2.8.5.6 Spatial separation of depth-coded objects. Depth-
coded objects should be separated spatially to eliminate disparity
averaging, crowding, and repulsion.

7.2.8.5.7 Size scaling. Image size should be scaled according to
the disparity of the image. If accurate size perception is critical
tobtask performance, size scaling should be done for each
observer.

7.2.8.5.8 Luminance and depth. Luminance should be co-
modulated with stereopsis.
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Discussion. Brightness is also a depth cue, with brighter
objects being perceived as nearer.

7.2.8.6 Touch- A touch-interactive device (TID) is an input device that permits

interactive devices

users to interact with the system by pointing to objects on the
display. TIDs may de%rade image quality through reduced
display luminance or through reduced display resolution. These
degradations can result from the overlaid device itself and from
dirt on the surface resulting from touching. TIDs can also
introduce parallax because of the separation between the touch
surface and the image, and they can introduce glare problems.

There are six basic types of TID.

a. Fixed-wire TIDs place wires, either in parallel or in a
grid, in front of the display. Finger contact with the
wire(s) generates the X-Y coordinates of the user’ touch.
This technology is associated with minimal parallax, 70 to
8?% transmissivity, and a medium to high degree of TID
glare.

b. Capacitive TIDs consist of a transparent conductive film
on a glass overlay. Touching the surface changes a small
electrical sié;nal passing through the film, and this signal
is converted into a corresponding X-Y coordinate. This
technology is associated with minimal parallax, 85%

transmissivity, and a medium amount of TID glare.

C. Resistive membrane TIDs are “sandwich™ devices in
which a touch results in the contact of two conductive
layers. Specific current and voltage levels are associated
with individual X-Y coordinates. This technology is
associated with minimal parallax, 50 to 60%
transmissivity, and a high amount of TID glare.

d. Infrared or light-emitting diode TIDs use infrared
transmitters along two perpendicular sides of the display
frame and photocell receptors along the opposite sides of
the frame. A user’s touch breaks the matrix of light
beams, generating appropriate X-Y coordinates. This
technology is associated with noticeable parallax between
the plane of the light beams and the screen surface, 100%
transmissivity, and no TID-related glare.

e. Surface acoustic wave TIDs are similar to infrared TIDs
except that they use ultrasonic beams rather than light
beams. X-Y coordinates are determined by differential
timings in reception of the acoustic waves. This
technology is associated with minimal parallax, 92%
transmissivity, and a medium amount of TID glare.

f. Pressure-sensitive devices use strain gauges mounted
between the display screen and an overlay. Output
voltages of these strain gauges are encoded into the
appropriate X-Y coordinates. This technology is
associated with minimal parallax and no TID glare.
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7.2.9 Counters,
printers, and flags
displays
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Transmissivity is not affected because the overlay is built
into the display screen.

7.2.8.6.1 Minimal parallax. Touch-interactive devices should be
selected and mounted to minimize parallax problems.

7.2.8.6.2 Minimal specular glare. Touch-interactive devices
should be selected and mounted to minimize specular glare.

This section contains criteria and guidelines for direct-reading
counters, printers, and flags. Exhibit 7.2.9 lists characteristics
and ratings of the goodness of each of these types1 of display for
a variety of uses.

Exhibit 7.2.9 Characteristics and ratings of counters, printers, and flags for various uses

HFDG

Use

Counters

Printers

Flags

Quantitative
information

Qualitative
information

Setting

Tracking

General

(Good) Minimum time
and error for exact
numerical value;
however, cannot be
read when changing
rapidly.

(Poor) Numbers must
be read. Position
changes not easily
detected.

(Good) Most accurate
monitoring of numerical
setting. Relation to
motion of setting knob
less direct than for
moving pointer. Not
readable during rapid
setting.

(Poor) No gross
position changes to aid
monitoring.

Most economical of
space and illumination.

Scale length limited only

by number of counter
drums.

(Good) Minimum time
and error for exact
numerical value.
Provides reference
records.

(Poor) Numbers must
be read. Position
changes not easily
detected.

Not applicable

Not applicable

Limited application.

Not applicable

(Good) Easily
detected.
Economical of space.

Not applicable

Not applicable

Limited application.

7.2.9.1 Counters

The criteria and guidelines in this section apply primarily to
mechanical counters.

o 7.29.1.1 When to use. Counters should be used to present
quantitative data if a quick, precise indication is required and if a
continuous trend indication is not required.
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7.2.9.2 Printers and
alphanumeric hard
copy displays

7.2.9.1.2 Mounting. Counters shall be mounted as close as
possible to the panel surface to minimize parallax and shadows,
and to maximize the viewing angle.

7.2.9.1.3 Movement. The counters shall move in the following
ways.

a. Numbers shall change by snap action rather than by
continuous movement.

b. If an observer is expected to read the numbers
consecutively, the numbers shall not change faster than 2
times a second.

. Clockwise rotation of the counter reset knob shall increase
the counter indication or reset the counter.

d. Counters that indicate sequencing operations shall reset
automatically upon completion of the sequence. Provision
shall also be made for manual resetting. If push buttons
are used for manual resetting, the force required to operate
them shall not exceed 16.7 N (60 0z).

7.2.9.1.4 lllumination. Counters used in areas in which ambient
illumination provides display luminance below 3.5 cd/m” (1 fL)
shall be self-Illuminating.

7.2.9.1.5 Spacing between numerals. The horizontal separation
between numerals shall be between 1/4 and 1/5 the numeral
width. Commas shall not be used.

7.2.9.1.6 Finish. The surface of the counter drums and
surrounding areas shall have a dull, matte finish to minimize
glare in accordance with FAA-STD-001B.

7.2.9.1.7 Contrast. The numerals shall have a high contrast with
g;elrkbackground. For example, black on white or white on
ack.

7.2.9.2.1 When to use. Printers should be used if a visual record of
data is necessary or desirable. See exhibit 7.2.9 for the
characteristics and appropriate uses of printers.

7.2.9.2.2 Contrast. A minimum luminance contrast of 3.0 shall
be provided between the printed material and the background on
which it is printed.

7.2.9.2.3 Illlumination. If the printed matter would not be Ie?ible in
the planned operational ambient illumination, the printer shall be
provided with internal illumination.
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7.2.9.3 Plotters,
recorders, and graphic
data hard copy displays

[m]

7.2.9.2.4 Take-up provision. A take-up device shall be provided
for printed material.

7.2.9.25 Annotation. If applicable, printers should be mounted
so that the printed matter can be annotated easily while it is still
in the printer.

7.2.9.2.6 Legibility. The print shall be free from character line
misregistration, character tilt, and smear.

7.2.9.2.7 Printed tapes. The information on tapes shall be printed
in such a manner that it can be read as it is received from the
machine without requiring the cutting and pasting of tape
sections.

7.2.9.2.8 Control, replenishment, and service. Printers shall
conform to the criteria and guidelines in this standard with
respect to:

a. the controls and displays used to start, stop, and adjust the
machine and its critical operating elements,

b. giving a positive indication of the remaining supply of
materials such as paper and ink,

C. operations performed b?/ the user, such as inserting,
adjusting, removing, replenishing, and replacing supplies
andI matedrlals without requiring disassembly or special
tools, an

d. operations performed on site by a technician, such as
ar(]jjustments and replacements not ordinarily performed by
the user.

(Same as paragraph 7.2.9.3.8 for plotters and recorders).

7.2.9.3.1 When to use. Plotters or recorders should be used if a
visual record of continuous graphic data is necessary or desirable.
See exhibit 7.2.9 for the characteristics and appropriate uses of
plotters and recorders.

7.2.9.3.2 Visibility. Critical graﬁ)hics (those points, curves, or
grids that must be observed while a recording is being made)
shall not be obscured by the pen assembly, arm, or other
hardware elements.

7.2.9.3.3 Contrast. Luminance contrast between a plotted
function and the background on which it is drawn shall be at least
1.0.

7.2.9.3.4 Take-up provision. If necessary or desirable, a take-up
device shall be provided for plotted material.
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7.2.9.4 Flags

7.2.9.3.5 Job aids. Ifitis critical to the proper interpretation of
graphic data as they are being ?enerated, a graphic overlay shall
be provided. Such overlays shall not obscure or distort the data.

7.2.9.3.6 Smudging and smearing. A plot shall be resistant to
smudging and smearing under operational use.

7.2.9.3.7 Annotation. If applicable, plotters and recorders shall
be designed or mounted so that the maintainer can write on or
mark the paper while it is still in the plotter or recorder.

7.2.9.3.8 Control, replenishment, and service. Plotters and
recorders shall conform to the criteria and guidelines in this
standard with respect to:

a. the controls and displays used to start, stop, and adjust the
machine and its critical operating elements,

b. giving a positive indication of the remaining supply of
materials such as paper and ink,

C. operations performed b?/ the user, such as inserting,
adjusting, removing, replenishing, and replacing supplies
andI matedrlals without requiring disassembly or special
tools, an

d. operations performed on site by a technician, such as
ar(]jjustments and replacements not ordinarily performed by
the user.

(Same as paragraph 7.2.9.2.8 for printers).

7.2.9.4.1 When to use. Flags should be used to display qualitative,
nonemergency conditions. See exhibit 7.2.9 for the
characteristics and appropriate uses of flags.

7.2.9.4.2 Mounting. Flags shall be mounted as close to the
surface of the panel as possible without restricting their
movement and without obscuring necessary information.

7.2.9.4.3 Snap action. Flags shall operate with a snap action.

7.2.9.4.4 Contrast. Luminance contrast between a fl_a?| and its
background shall be at least 3.0 under all expected lighting
conditions.

7.2.9.4.5 Malfunction indication. If a flag is used to indicate the
malfunction of a visual display, the malfunction position of the
flag shall obscure part of the maintainer’ view of the malfunctioning
display and shall be readily apparent to the maintainer under all
expected lighting conditions.

7.2.9.4.6 Legend. If alegend is provided on a flag, the lettering
shall appear upright when the flag assumes the active position.
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7.3 Audio
displays

7.3.1 General

7.2.9.4.7 Test provision. A convenient means shall be provided
for testing the operation of flags.

This section presents general criteria and guidelines for audio
displays, verbal warning signals and messages, controls for audio
warning devices, and voice communication systems.

7.3.1.1 Single audio displays. A single audio display should be
used in conjunction with multiple visual displays only if
immediate I1dentification of the appropriate visual display is not
critical to personnel safety or system performance.

7.3.1.2 When to use. An audio display should be provided if any
of the following conditions applies.

a. The information to be processed is short, simple,
transitory, and requires immediate or time-based response.

b. The use of a visual display might be inappropriate because
of (1) overburdening of the visual modality, (2) ambient
light variability or limitation, (3) maintainer mobility, (4)
degradation of vision by vibration, (5) other
environmental considerations, or (6) anticipated
maintainer inattention.

c. The criticality of a response to a visual signal makes
supplementary or redundant alerting desirable.

d. It is desirable to warn, alert, or cue the maintainer for
subsequent or additional responses.

e. Custom or usage has created anticipation of an audio
display.

f. Voice communication is necessary or desirable.

7.3.1.3 Signal type. If an audio display is used, the particular
type of signal (tone, complex sound, or speech) should be the
best for the intended use as indicated in exhibit 7.3.1.3.

7.3.1.4 False alarms. The design of audio display devices and
circuits shall minimize false alarms.

7.3.1.5 Failure. An audio display device and circuit shall be
]ge_sllgned to operate even in the event of system or equipment
ailure.

7.3.1.6 Circuit operability test. All audio displays shall be
equipped with circuit test devices or other means of testing their
operation.
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Exhibit 7.3.1.3 Characteristics and ratings of audio signals for various uses

Tones Complex sounds
Use (periodic) (non-periodic) Speech
Quantitative (Poor) Maximum of b (Poor) Interpolation (Good) Minimum
indication to 6 tones absolutely between signals time and error in
recognizable. inaccurate. obtaining exact value
in terms compatible
with response.
Qualitative (Poor to fair) Difficult (Poor) Difficult to (Good) Information
indication to judge approximate judge approximate concerning
value and direction of deviation from desired displacement,
deviation from null value. direction, and rate
setting unless presented in form
presented in close compatible with
temporal sequence. required response.
Status (Good) Start and stop (Good) Especially (Poor) Inefficient;
indication timing; continuous suitable for irregularly more easily masked;
information if rate of occurring signals, such problem of
change of input is low. as alarms. repeatability.
Tracking (Fair) Null position (Poor) Required (Good) Meaning
easily monitored; qualitative indications intrinsic in signal.
problem of signal- difficult to provide.
response compatibility.
General Good for automatic Some sounds available Most effective for
communication of with common rapid, but not
limited information; meaning, for example automatic,
meaning must be a fire bell; easily communication of
learned; easily generated. complex,
generated. multidimensional
information; meaning
intrinsic in signal and
context, if
standardized;
minimum learning
required.
= 73.1.7 Redundant visual warning. All nonverbal audio signals
shall be accompanied by a visual signal that defines the
condition.
7.3.2 Audio

warnings and signals

7.3.2.1 General

o 7.3.2.1.1 General. Audio signals should be provided, as

necessary, to: (1) warn personnel of impending danger, (2) alert a

maintainer to a critical change in system or equipment status,
and (3) remind a maintainer of critical actions that must be taken.
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7.3.2.2 Characteristics
of warning signals

7.3.2.1.2 Alerting and warning system. An alerting and warning
system or signal shall provide the maintainer with a greater
probability of detecting the triggering condition than his or her
normal observation would provide in the absence of the alerting
or warning system or signal.

7.3.2.2.1 Nature of signals. Audio warning signals should consist
of twi) elements, an alerting signal and an 1dentifying or action
signal.

7.3.2.2.2 Two-element signals. If reaction time is critical and a
two-element signal is used, an alerting signal of 0.5 sec duration
shall be Frovided followed by an identifying or action signal. All
essential information shall be transmitted in the first 2.0 sec of
the identifying or action signal.

7.3.2.2.3 Single-element signal. If reaction time is critical,
signals shall be of short duration. If a single-element signal is
used, all essential information shall be transmitted in the first 0.5 sec.

7.3.2.2.4 Caution signals. Caution signals shall be readily
distinguishable from warning signals and shall be used to indicate
conditions requiring awareness, but not necessarily immediate
action.

7.3.2.2.5 Relation to visual displays. If used in conjunction with a
visual display, an audio warning device shall be supplementary or
supportive. The audio signal shall be used to alert and direct the
maintainer’ attention to the appropriate visual display.

7.3.2.2.6 Frequency range. The frequency range of a warning
signal shall be between 200 and 5,000 Hz. The preferred range is
between 500 and 3,000 Hz. If the signal must be audible at a
distance of 300 m (985 ft) or more, the frequency shall be below
1,000 Hz. If the signal must be heard around obstacles or
through partitions, the frequency shall be below 500 Hz. The
selected fre(%uency band shall differ from the most intense
background frequencies and shall be in accordance with the other
criteria in this section.

7.3.2.2.7 Spurious signals. The frequency of a warning tone shall
be different from that of the electric power employed in the system,
to preclude the possibility that a minor equipment failure might
generate a spurious signal.

7.3.2.2.8 Audibility. The intensity, duration, and source location of
audio alarms and signals shall be compatible with the

acoustical environment of the intended receiver (see paragraphs
7.3.23.1and 7.3.2.3.2).

7.3.2.2.9 Compatibility with clothing and equipment. If
applicable, audio signals shall be loud enough to be heard and
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7.3.2.3 Signal
characteristics
versus operational
conditions and
objectives

understood through equipment or garments such as parka hoods
and hearing protective devices covering the ears of a listener. If the
audio attenuation characteristics of the garments are known, the
intensity of the signal shall be increased to compensate for the
attenuation so that it meets the audibility requirements of
paragraph 7.3.2.3.1, but does not exceed the levels specified in
paragraph 7.3.2.3.2.

7.3.2.3.1 Audibility. Alarms shall exceed the prevailing ambient
noise level by at least 10 dB(A) or any maximum sound level
with a duration of 30 sec by at least 5 dB(A), whichever is louder.

7.3.2.3.2 Maximum intensity. The intensity of evacuation and
emergency signals shall not exceed 115 dB(A). The intensity of
other signals shall not exceed 90 dB(A). If meeting the
requirement of paragraph 7.3.2.3.1 would result in levels higher
than these, the ambient noise level shall be decreased so that
these levels are not exceeded.

7.3.2.3.3 Attention. Signals with high alerting capacities should be
provided if the system or equipment Imposes a requirement on the
maintainer for concentration of attention. Such signals should not
be so startling that they preclude appropriate responses or
interfere with other functions by diverting attention away from
other critical signals.

7.3.2.3.4 Onset and sound pressure level. The onset of critical
alerting signals should be sudden, and a relatively high sound
pressure level should be provided, as specified in paragraph
7.3.2.2.8.

7.3.2.3.5 Dichotic presentation. If earphones will be worn in an
operational environment, a dichotic presentation should be used
whenever feasible, with the signal alternating from one ear to the
other by means of a dual-channel headset.

7.3.2.3.6 Headset. If the maintainer will wear earphones covering
both ears during normal equipment operation, the audio warning
signal shall be directed to the maintainer’s headset as well as to
the work area.

7.3.2.3.7 When not to use headsets. Binaural headsets should
not be used in any operational environment with ambient noise
below 85 dB(A) if that environment contains sounds that provide
the maintainer with useful information and that information
cannot be directed to the maintainer’s headset. Such sounds may
include voices, machine noise that indicates wear or
malfunctions, and other auditory indications of system
performance or mission status.
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= 7.3.2.3.8 Multiple audio signals. If several different audio
signals will be used to alert a maintainer to different conditions,
the signals shall differ discriminably in intensity, pitch, or use of
beats and harmonics. If absolute identification is required, the
number of signals to be identified shall not exceed four.

= 73.23.9 Coding. Ifdiscrimination of warning signals from each
other will be critical to personnel safety or system performance,
audio signals shall be ai)propriately coded. Alarms that are
perceptibly different shall correspond to different conditions that
require critically different maintainer responses, such as
maintenance, emergency conditions, and health hazards. These
signals shall be sufficiently different to minimize the maintainer’s
search of visual displays.

= 7.3.23.10 Differentiation from routine signals. Audio alarms
intended to attract the maintainer’s attention to a malfunction or
failure shall be different from routine signals, such as bells,
buzzers, random noises generated by air conditioning and other
equipment, and normal operation noises.

o 7.3.2.3.11 Consistent signals. The meaning of audio warning
signals selected for a particular function in a system should be
consistent with warning signal meanings already established for
that function.

= 7.3.2.3.12 Acoustic environment. Established signals shall be
used, provided they are compatible with the acoustic environment
and the requirements in this standard for voice communication
systems. Standard signals shall not be used to convey new
meanings.

= 73.2.3.13 Noninterference. Audio warning signals shall not
interfere with any other critical functions or warning signals or
mask any other critical audio signals.

o 7.3.2.3.14 Separate channels. If feasible, a warning signal
delivered to a headset that might mask another essential audio
signal should be delivered to one ear and the other signal to the
other ear. If this is done, and if it is warranted by the operating
conditions, this dichotic presentation should provide for
alternation of the two signals from one ear to the other.

7.3.3 Verbal
warning signals

= 7.3.3.1 Nature of signals. Verbal warning signals shall consist

of:

a. an initial alerting (nonspeech) signal to attract attention
and perhaps to identify the general problem, and

b. a brief, standardized speech signal é’gh_at is, a verbal
message) to identify the specific condition and suggest an

appropriate action.
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7.3.4 Controls for
audio warning
devices

7.3.4.1 General

7.3.3.2 Intensity. Verbal alarms for critical functions shall be at
least 20 dB above the speech interference level at the operating
position of the intended receiver, but shall not exceed 90 dB(A).

Definition. Speech interference level is a measure of the
effectiveness of noise in masking speech. It is the
arithmetic mean of the same pressure levels of interfering
noise (in dB re 20w Pa) in the four octave bands centered
on the frequencies 500, 1000, 2000, and 4000 Hz,
respectively. The unit of speech interference is the
decibel (dB).

7.3.3.3 Type of voice. The voice used in recording verbal
warning signals shall be distinctive and mature.

7.3.3.4 Delivery style. Verbal warning signals shall be presented
in a formal, impersonal manner.

7.3.3.5 Speech processing. Verbal warning signals shall be
processed only if necessary to increase or preserve intelligibility, for
example, by increasing the strength of consonant sounds relative
to vowel strength.

Discussion. If a signal must be relatively intense because
of high ambient noise, peak-clipping may be used to
protect the listener against auditory overload.

7.3.3.6 Message content. In selecting words to be used in audio
warning signals, priority shall be given to intelligibility, aptness, and
conciseness in that order (see also section 7.3.5.6).

7.3.3.7 Critical warning signals. Critical warning signals shall
be repeated with not more than a 3 sec pause between messages
until the condition is corrected or overridden by an operator or
maintainer.

7.3.3.8 Message priorities. A message priority system shall be
established so that a more critical message shall override the
presentation of any message having a lower priority. If two or
more incidents or malfunctions occur simultaneously, the one
generating a message of higher priority shall be presented first.
After presentation of the hié;hest priority message, remaining
messages shall be presented in descending order of priority. In
the event of a complete system failure, the system shall integrate
previous messages and report the system failure rather than the
failure of components.

7.3.4.1.1 Automatic and manual shutoff. If an audio signal is
designed to persist as long as it contributes useful information, a
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7.3.4.2 Volume control
and duration

7.3.5 Voice
communication
systems

7.3.5.1 Speech
transmission
equipment

shutoff switch controllable by the maintainer, the sensing
mechanism, or both, shall be provided consistent with the
operational situation and personnel safety.

7.3.4.1.2 Automatic reset. An automatic reset function for audio
signals shall be provided, whether the signals are designed to
terminate automatically, manually, or both. The automatic reset
function shall be controlled by a sensing mechanism that recycles
the signal system to a specified condition as a function of time or the
state of the si?nalling system so that the warning device can
sound again if the condition reappears.

7.3.4.2.1 Control of volume. The volume (loudness) of an audio
warning signal shall be designed to be controlled by the
maintainer, the sensing mechanism, or both, depending upon the
operational situation and personnel safety. Control movement
shall be restricted to prevent reducing the volume to an inaudible
level or increasing it to an unacceptably high level.

7.3.4.2.2 Ganging to mode switches. Volume controls may be
ganged to mode switches to provide maximum output during
operational phases in which intense noise can occur and to
provide reduced volume at other times. This ganging shall not be
done if there is a possibility that intense noise could occur in an
emergency situation during a phase in which the volume would
be decreased below an audible level.

7.3.4.2.3 Caution signal controls. Audio caution signals shall be
provided with manual reset and volume controls.

7.3.4.2.4 Duration. Audio warning signal duration shall be at
least 0.5 sec, and may continue until the apﬂropriate response is
made. Completion of a corrective action by the maintainer or by
other means shall automatically terminate the signal.

7.3.4.2.5 Duration limitations. In an emergency situation, signals
that persist or increase progress!velﬁ in loudness shall not be used if
manual shutoff may interfere with the corrective action required.

7.3.5.1.1 Frequency range. Microphones and associated system
input devices shall be designed to yield optimum response to the
part of the speech spectrum most essential to intelligibility, that
Is, between 200 and 6,100 Hz. If the system necessitates a
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7.3.5.2 Speech
reception equipment

narrower speech transmission bandwidth, the range shall be at
least from 250 to 4,000 Hz.

7.3.5.1.2 Dynamic range. The dynamic range of a microphone
used with a selected amplifier shall be great enough to admit
variations in signal input of at least 50 dB.

7.3.5.1.3 Noise cancelling microphones. In very loud, low
frequency noise environments (100 dB overall), noise cancelling
microphones shall be used and shall be caﬁable of effecting an
improvement of at least 10 dB peak-speech to root-mean-square
nolse ratio as compared with microphones that are not noise
cancelling, but that have equivalent transmission characteristics.

7.3.5.1.4 Pre-emphasis. If necessary, speech system input
devices should employ frequency pre-emphasis with a positive
slope frequency characteristic no greater than 18 dB per octave
from 140 to 1,500 Hz, and no greater than 9 dB per octave over
theérequency range of 1,500 to 4,800 Hz when no clipping is
used.

Discussion. If speech signals are to be transmitted over
channels that have less than 15 dB peak-speech to root-
mean-square noise ratios, peak-clipping of 12 to 20 dB
may be employed at system input and can be preceded by
frequency pre-emphasis.

7.3.5.1.5 Noise shields. If the talker is in an intense noise field,
the microphone should be put in a noise shield. Noise shields
should be designed to meet the following requirements:

a. a volume of at least 250 cu cm (15.25 cu in) to permit a
pressure gradient microphone to function normally,

b. a good seal against the face achieved by pressure of the
hand or by tension straps,

C. a hole or combination of holes covering a total area of 65 sq
mm (0.1 sq in) in the shield to prevent pressure buildup,

d. prevention of a standing wave pattern by shape or by use
of sound absorbing material, and

e. no impediment to voice effort, mouth or jaw movement,
or breathing.

7.3.5.2.1 Frequency range. Headphones and loudspeakers shall
be subject to the same frequency response restrictions as
microphones and transmission equipment. Excepted from this
rule are loudspeakers used in multi-speaker installations and
multiple channels fed into headphones (for example, when
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7.3.5.3 Design for
maintainer comfort
and convenience

several channels are to be monitored simultaneously); they shall
respond uniformly (x5 dB) over the range of 100 to 4,800 Hz.

7.3.5.2.2 Use of de-emphasis. If transmission equipment
employs pre-emphasis and peak clipping is not used, reception
equipment shall employ frequency de-emphasis of characteristics
complementary to those of pre-emphasis only if it improves
intelligibility, that is, de-emphasis shall be a negative-slope
frequency response not greater than 9 dB per octave over the
frequency range of 140 to 4,800 Hz.

7.3.5.2.3 Monitoring of speakers. If several channels are to be
monitored simultaneously by means of loudspeakers, the speakers
shall be mounted at least 10° apart in the horizontal plane, frontal
quadrant, ranging radially from 45° left to 45° right of the
maintainer’s normal, forward-facing position.

7.3.5.2.4 Filtering of speaker signals. If additional channel
differentiation is required, apparent lateral separation shall be
enhanced by applying low-pass filtering (frequency cutoff,
Fc=1,800 Hz) to signals fed to loudspeakers on one side of the
central maintainer position. If there are three channels involved,
one channel shall be left unfiltered; a high-pass filter with a 1,000
Hz cutoff shall be provided in the second channel; and a low-pass
filter with a 2,500 Hz cutoff shall be provided in the third
channel. A visual signal shall be provided to show which
channel is in use.

7.3.5.2.5 Use of binaural headsets. If listeners will be working
in high ambient noise $85 dB(A) or above), binaural rather than
monaural headsets shall be provided. Unless operational
requirements dictate otherwise, binaural headsets shall be wired
so that the sound reaches the two ears in opposing phases.

7.3.5.2.6 Binaural headsets. Binaural headsets should be capable
of reducing the perceived ambient noise level to less than 85 dB(A).
Provisions should be incorporated to furnish the same protection to
those who wear glasses.

7.3.5.3.1 Comfort. Communication equipment to be worn bP/ a
maintainer, such as headphones and telephone headsets, shall be
designed to preclude maintainer discomfort. For example, metal
parts of a headset shall not come into contact with a user’s skin.

7.3.5.3.2 Hands-free operation. Maintainer microphones,
headphones, and telephone headsets shall be designed to permit
hands-free operation under normal working conditions.
Specialized emergency equipment may be exempt from this
criterion.

7.3.5.3.3 Accessibility of handsets. If communication
requirements necessitate the use of several telephone handsets,
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7.3.5.4 Operating
controls for voice
communication
equipment

the accessibility of their locations when not in use shall be
determined by operational priority, that is, the most frequently or
most urgently needed handset shall be the most accessible. The
handsets may be color coded if the users will be able to perceive the
coding under normal working conditions.

7.3.5.4.1 Volume controls. Accessible volume or gain controls
shall be provided for each communication receiving channel,
such as loudspeakers or headphones, with sufficient electrical
power to drive the sound pressure level to at least 100 dB overall,
when using two earphones. The minimum setting of the volume
control shall be limited to an audible level, that is, it shall not be
possible to inadvertently disable the system using the volume
control.

7.3.5.4.2 Separate controls for power and volume. Separate
controlls should be provided for power (ON-OFF) and for volume
control.

7.3.5.4.3 Combined power and volume controls. If power and
volume controls are combined because of space limitations, an
easily noticeable detent position shall be provided between the
OFF position and the lower end of the continuous range of
volume adjustment, and the OFF position shall be labeled.

7.3.5.4.4 Squelch control. If communication channels are to be
continuously monitored, each channel shall be provided with a
signal-activated switching device (squelch controIR to suppress
channel noise durin? no-signal periods. A manually operated
ON-OFF switch shall be provided to deactivate squelching during
the reception of weak signals.

7.3.5.4.5 Foot-operated controls. Foot-operated controls shall be
provided if a maintenance task requires the use of both hands for
other operations.

Example. If a maintainer will normally be seated at a
console that requires two-handed operation and needs
access to "talk-listen™ or "send-receive™ switches, those
switches would be provided as foot-operated switches.

7.3.5.4.6 Duplicate emergency controls. If foot-operated
emergency controls are provided at one of a set of work
positions, and if a maintainer may need to move from one
position to another, hand-operated controls for the same functions
shall be provided in addition to the foot-operated controls.

7.3.5.4.7 Speaker and side tone. If the same signal might be
heard from a loudspeaker and a headset, the output of both shall
be in phase. The side tone shall not be filtered or modified
before it is received in the headset.
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7.3.5.5 Conventional
telephone systems

7.3.5.6 Speech
intelligibility

7.3.5.5.1 General. In special environments such as control
rooms, selection and placement of conventional telephone
systems may be more critical than in a normal office
environment. Within such specialized environments, systems
selected for use shall provide a ?ood frequency response in that
portion of the spectrum essential for speech intelligibility. The
standard telephone band pass of 200 to 3,300 Hz is acceptable.
Handsets shall be compatible with maintainers” hand sizes and
mouth-to-ear distances. Again, the standard telephone
dimensions are acceptable. Handsets shall provide firm ear
contact.

7.3.5.5.2 Cords. Cords shall be nonkinking or self-retracting and of
sufficient length to permit reasonable maintainer mobility. Cords
shall be positioned to avoid entangling critical controls or
becoming entangled with passing people or objects.

7.3.5.5.3 Handset cradles. Vertically mounted handset cradles
shall be designed and located to prevent the handset from being
knocked out of the cradle by passing people or objects.

7.3.5.5.4 Multiple telephones. If several telephones are located
?Iose to each other, they shall be coded to indicate circuit or
unction.

7.3.5.5.5 Press-to-talk button. If a press-to-talk button is used,
the blutton shall be convenient to both left- and right-handed
people.

7.3.5.5.6 Switching. Switching should be designed and
programmed to minimize delay in making desired connections
under both normal and emergency conditions.

7.3.5.5.7 Priority. Switching shall be programmed to give the
control room and critical functions automatic priority of access to
the switching system.

7.3558 Nois?/ environments. In noisy environments, volume
controls should be provided for loudness of ringing and speaker
output.

7.3.5.6.1 Evaluation method. If information about the speech
intelligibility of a system is needed, the most appropriate of the
following methods should be selected.

a. If a high degree of sensitivity and accuracy is required, the
ANSI standard method of measuring phonetically
balanced monosyllabic word intelligibility, ANSI S3.2-
1960, should be used.
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7.4 Controls

7.4.1 General

7.4.1.1 Selection of
controls

b. If test reguirements are not as stringent, or if time and
training do not permit the use of the ANSI method, the
modified rhyme test (MRT) described in the Human
Engineering Guide to Equipment Design should be used.

C. If estimations, comparisons, and predictions of system
intelligibility are needed, the articulation index (Al) based on
ANSI S3.5-1969 should be used.

7.3.5.6.2 Intelligibility criteria. Speech intelligibility shall meet
the criterion in exhibit 7.3.5.6.2 for the appropriate
communication requirement and evaluation method.

Exhibit 7.3.5.6.2 Speech intelligibility criteria for various
communication requirements and evaluation methods

Score
Communication requirement PB MRT Al
Exceptionally high intelligibility; 90% 97% 0.7

separate syllables understood

Normally acceptable intelligibility;
about 98% of sentences correctly 75% 91% 0.5
heard; single digits understood

Minimally acceptable intelligibility;

limited standardize phrases

understood; about 90%

sentences correctly heard (not 43% 75% 0.3
acceptable for operational

equipment)

This section contains criteria and guidelines for controls in
general as well as for a wide variety of specific hand- and foot-
operated controls.

7.4.1.1.1 Distribution of workload. Controls shall be selected
and arranged so that none of a maintainer’s limbs is
overburdened.

7.4.1.1.2 Multirotation controls. If precision over a wide range of
adjustment is required, multirotation controls shall be used.

7.4.1.1.3 Detent stops. If a system or unit of equipment requires
operation of a control in discrete steps, a control having detent
stops shall be used.
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= 7.4.1.14 Limitstops. If a control does not have to be operated
beyond indicated end positions or specified limits, it shall have
stops at the beginning and end of the range of control positions.

o 7.4.1.15 Characteristics of common controls. The _
characteristics of different potential controls should be considered in
the selection of a control for a given use. Characteristics of
common controls for discrete adjustments are given in exhibit
7.4.1.1.5 (a); characteristics of common controls for continuous
adjustments are give in exhibit 7.4.1.1.5 (b).

Exhibit 7.4.1.1.5 @ Characteristics of common controls for discrete adjustment

Discrete adjustment
Rotary
selector Thumb- Hand push Toggle

Characteristics - switch wheel button Foot push-button  switch
Large forces can be - - - - -
developed
Time required to make Medium - Very Quick Very
control setting to quick quick quick
Recommended number of 3to 24 3to 24 2 2 2to 3
control positions
(settings)
Space requirements for Medium Small Small Large Small
location and operation of
control
Likelyhood of accidental Low Low Medium High Medium
activation
Desireable limits to 270° - 3mm x 30mm 13 mm x 100mm 120°
control movement 13" x 1.5" .B" x4"
Effectiveness of coding Good Poor Fair to Good Poor Fair
Effectiveness of visually Fair to Good Poor 1 Poor Fair to
identifying control good good
position
Effectiveness of Fair to Poor Fair Poor Good
nonvisually identifying good
control position
Effectiveness of check- Good Good Poor 1 Poor Good
reading to determine
control position when
part of a group of like
controls
Effectiveness of operating Poor Good Good Poor Good
control simultaneously
with like controls in an
array
Effectiveness as part of a Fair Fair Good Poor Good
combine control
t Exception: when control is back-lighted and light comes on when control is activated.
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Exhibit 7.4.1.1.5 ») Characteristics of common controls for continuous adjustment

Continuous adjustment

Thumb- Hand

Characterisitcs Knob wheel wheel Crank Pedal Lever
Large forces can be No No Yes Yes Yes Yes
developed

Time required to make - - - -
control setting

Recommended number of - - - - -
control positions

{settings)

Space requirements for Small to Small Large Medium Large Medium
location and operation of medium to large to large
control

Likelyhood of accidental Medium High High Medium  Medium High
activation

Desireable limits to Un- 180° +60° Un- Small * +45°
control movement limited limited

Effectiveness of coding Good Poor Fair Fair Poor Good
Effectiveness of visually Fairt to Poor Poor to Poor § Poor Fair to
identifying control good fair good
position

Effectiveness of Poor to Poor Poor to Poor § Poor to Poor to
nonvisually identifying good fair fair fair

control position

Effectiveness of check- Good Poor Poor Poor § Poor Good
reading to determine

control position when

part of a group of like

controls

Effectiveness of operating Poor Good Poor Poor Poor Good
control simultaneously

with like controls in an

array

Effectiveness as part of a  Good § Good Good Poor Poor Good
combine control

* Except for rotary which have unlimited range.

§ Assumes control makes more than one rotation.

¥ Applicable only when control makes less than one rotation. Round knobs must also have a pointer attached.
{ Effective primarily when mounted concentrically on one axis with other knobs.

o 7.4.1.1.6 Advantages and disadvantages of common controls.
The advantages and disadvantages of different potential controls
should be considered in the selection of a control for a given use.
Advantages and disadvantages of common controls are given in
exhibit 7.4.1.1.6.
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Exhibit 7.4.1.1.6 Advantages and disadvantages of common controls

Advantages

Disadvantages

A. Knob, discrete position rotary
Used when 4 or more detented
positions are required; resistant to
accidental actuation

B. Knob, continuous position rotary

Good for precise settings; single- or
multi-turn capability

C. Knobs, ganged

Efficient use of space

D. Thumbwheels

Compact; virtually an unlimited range

E. Cranks
Used when multiple rotations are
required; fast; can handle high forces;
with proper gearing can be used for
either gross or fine positioning over a
wide range of adjustments

F. Handwheels

Good for high forces; suitable for two-
handed use

G. Levers

Good for high forces; status is obvious

H. Toggle switches

Used for 2 or 3 discrete positions;
efficient use of space; setting is
obvious to user

Not recommended for 2 position
functions; relatively slow

Potential parallax error; relatively slow;
susceptible to misinterpretation if
multiple turn; sensitive to accidental
activation; difficult (time consuming) to
re-establish setting if switch is moved
inadvertently

Three-knob assembly not
recommended; relatively slow; not
recommended for gloved use;
susceptible to erroneous settings; not
recommended when frequent changes
are required; one knob may move other
knob if inter-knob friction exists (may
require two-handed operation)

Not recommended for fine control;
slow, not recommended for high traffic
functions; can cause intermediate and
inadvertent inputs; susceptible to
inadvertent activation; position or
selection may be difficult to assess in
dim light

Requires space; susceptible to
accidental movement

Requires substantial space; not good
for fine adjustments; may require two-
handed operation

Large space requirements; susceptible
to accidental displacement; not
recommended for fine control

Four of more positions should be
avoided; susceptible to inadvertent
activation; often requires guards or
shields
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Exhibit 7.4.1.1.6 (continued) Advantages and disadvantages of common controls

Push button

Efficient use of space; fast activation

J. Foot operated switches

Can be used when hands are occupied

K. Pedals

Use when both hands occupied; high
force capability; may be used where
pedal has created a stereotyped
expectancy

L. Rocker switches

Efficient use of space; will not snag
clothing; status is obvious

M. Push-pull controls

Used for 2 position control; efficient
use of panel space; may be used in
multi-mode fashion (for example, on-off
and volume control) to save space

N. Slide switches

Can be discrete or continuous; good for
large number of discrete positions;
provides easy recognition of relative
switch setting

0. Legend switches

Good in low illumination (if self
illuminated); fast activation; effective
way to label switches; efficient use of
panel space

P. Printed circuit (DIP) switches

Very space efficient

Q. Key operated switches

Prevents unauthorized operation;
permits flush panel for seldom operated
switches

State of activation is not always
obvious; susceptible to accidental
activation; may require secondary
status indication; bulb failure can lead
to erroneous interpretation of status

Susceptible to accidental activation; not
recommended for critical operations,
frequent use, or fine adjustments

Requires large amount of space for
location and operation; succeptible to
accidental activation due to them being
unseen or felt (without danger of
activation); controls or settings are
easily identified

Susceptible to accidental activation; can
be difficult to read three-position rocker
switches

Difficult to determine positions when
used for multiple position control;
susceptible to inadvertent activation

Continuous slide switches susceptible
to mispositioning; can be difficult to
position continuous slide switch
precisely

Not recommended for more than two
positions; state of activation is not
always obvious

Slow; usually require stylus to set;
small size makes it difficult to read;
may require stabilized hand to set and
to avoid excess force

Slow to operate; must keep track of
seperate key; key slot susceptible to
contamination if not shielded
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7.4.1.2 Direction
of movement

7.4.1.3 Arrangement
and grouping

7.4.1.2.1 Consistency of movement. Direction of control
movement shall be consistent with any related movement of an
associated display or equipment component. In general,
depressing a control or moving it forward, clockwise, up, or to
the right shall cause a quantity to increase or cause the display or
equipment component to move forward, clockwise, or up. Valve
controls are exempt from this rule; their operation is specified in
paragraphs 7.4.1.2.2 and 7.4.1.2.3.

7.4.1.2.2 Valve controls. Rotary valve controls should move in a
counterclockwise direction to open the valve.

7.4.1.2.3 Labeling and marking valve controls. Valve controls
shall be marked with double-ended arrows showing the directions of
movement. The arrows shall be labeled at each end with the
reslult of movement in that direction, for example, "Open" or
"Close."

7.4.1.3.1 Grouping. All controls that are operated sequentially in
the performance of a particular task or that operate together in some
other way shall be grouped together along with their associated
displays. If several steps of a sequence are selected by a single
control, the steps shall be arranged by order of occurrence to
minimize control movements and prevent cycling through
unnecessary steps. Cycling through a control’s ON and OFF
positions shall be avoided.

7.4.1.3.2 Sequential operation. If a set of controls will be used
in a fixed sequence, the controls shall be arranged to facilitate
their operation, for example, they might be arranged to be
operated from left to right or top to bottom.

7.4.1.3.3 Location of primary controls. The most important and
the most freq#ently used controls shall have the most favorable
positions with respect to ease of seeing, reaching, and grasping
(particularly rotary controls and those requiring fine settings).

7.4.1.3.4 Consistency. The arrangement of functionally similar, or
identical, primary controls shall be consistent from panel to panel
throughout a system or unit of equipment.

7.4.1.3.5 Remote controls. If controls will be operated at a
position remote from the display or unit of equipment, their
movement shall be consistent with the movement of the thing
controlled (see paragraph 7.4.1.2.1).

7.4.1.3.6 Maintenance and adjustment. In general, controls
used solely for maintenance and adjustment shall be covered
during normal equipment operation, but shall be readily
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accessible and visible to a maintainer when required (see also
paragraph 6.11.4).

7.4.1.3.7 Spacing. Spacing between two controls of different
types or between a single control and an obstruction shall be at
least that specified in exhibit 7.4.1.3.7. Minimum spacing
between two controls of the same type is specified in the exhibits
listed in the diagonal cells of this exhibit. In all cases, spacing
shall be increased as aﬁpropriate to accommodate the wearing of
gloves, mittens, or other protective handwear.

Exhibit 7.4.1.3.7 Minimum spacing between controls

Continuous Rotary Discrete
Toggle * Push rotary selector thumbwheel
switches buttons controls switches controls
Toggle See Exhibit 13 mm 19 mm 19 mm 13 mm
switches 7.4.4.10.1 (0.5in) (0.75 in) (0.75 in) (0.5 in)
* Push 13 mm  See Exhibit 13 mm 13 mm 13 mm
buttons (0.5 in) 7.4.4.8.1 (0.5 in) (0.5 in) (0.5 in)
Continuous 19 mm 13 mm See exhibit 25 mm 19 mm
rotary (0.75 in) (0.5 in) 7.4.44.1 (1.0 in) (0.75 in)
controls
Rotary 19 mm 13- mm 25 mm See exhibit 19 mm
selector (0.75 in) (0.5 in) (1.0in) 7.4.4.1.1 (0.75 in)
switches
Discrete 13 mm 13 mm 19 mm 19 mm See exhibit
thumbwheel (0.5 in) (0.5 in) (0.75 in) (0.75 in) 7.4.4.3.8

control.

* For push buttons not separated by barriers.

Note. All values are for one hand operation. Distances are measured from edge of each

7.4.1.4 Coding

7.4.1.4.1 Methods and requirements. The coding of controls for
a particular aﬁplication, for example, by size or color, shall be
governed by the relative advantages and disadvantages of each type
of coding as shown in exhibit 7.4.1.4.1. If coding is used, the
code shall be consistent throughout a system or unit of
equipment.
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Exhibit 7.4.1.4.1 Advantages and disadvantages of different types of coding

Advantages

Mode of
Location Shape Size operation Labeling Color

Improves visual identification

Improves nonvisual indentification
(tactual and kinesthetic)

Helps standardization

Aids identification under low levels
of illumination and colored lighting
May aid in identifying control
position (settings)

Requires little (if any) training;

is not subject to forgiving

Disadvantages

X X

May require extra space

Affects manipulation of the
control (ease of use)

Limited number of available
coding categories

May be less effective if
operator wears gloves

Controls must be viewed (for
example, must be within visual
areas and with adequate
illumination present)

Note:
A - When transilluminated

7.4.1.4.2 Location coding. Controls with similar functions
should be in the same relative location from one workstation to
another and from one panel to another.

7.4.1.4.3 Size coding. If controls are coded by size, the number of

different sizes shall not exceed three. Controls used for the same

function on different units of equipment shall be the same size. If

knob diameter is the coded parameter, differences between

diameters shall be at least 13 mm (0.5 in). If knob thickness is the

((:(c))ded S)arameter, differences in thicknesses shall be at least 10 mm
4 1in).

7.4.1.4.4 Shape coding. The ﬁrlmary intent of shape coding is to
permit the identification of a knob by "feel." However, shape-
coded knobs shall also be identifiable wsually If shape codmg IS
used, the coding shall meet the following criteria.
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7.4.1.5 Compatibility
with handwear and
blind operation

a. The shape coding shall not interfere with manipulation of the
control.
b. The shape of a control knob or handle shall be identifiable

tactually regardless of the position and orientation of the
knob or handle.

C. If maintainers might be expected to wear gloves while
using a control, the shapes shall be identifiable tactually
through the gloves.

d. Each control or type of control that must be identifiable
tactually shall have a distinct shape.

e. Knobs and handles that are coded by shape shall be
positively and irreversibly attached to their shafts to
preclude removal and incorrect replacement.

7.4.1.4.5 Color coding. Only the following colors, identified in
parentheses by their FED-STD-595 designations, shall be used:
red (11105, 21105, or 31105), green (14187), orange-yellow
(13538, 23538, or 33538), and white (17875, 27875, or 37875).
Blue (15123) shall be used only if an additional color is
absolutely necessary. Controls that are not color coded shall be
black (17038, 27038, or 37038) or gray (26231 or 36231).

7.4.1.4.6 Association of control with display. If color coding is
used to associate a control with its corresponding display, the
same color shall be used for both the control and the display.

7.4.1.4.7 Control panel contrast. The color of a control shall
provide contrast between the control and its panel background.

7.4.1.4.8 Ambient lighting and limitations on color coding.
Color coding shall be compatible with the anticipated ambient
lighting. Color coding shall not be used as the primary means for
identifying a control if the spectral characteristics of the ambient
light or the maintainer’ adaptation to that light varies as a result of
such factors as solar glare, filtration of light, or variation from
natural to artificial light. If red lighting is to be used during any
portion of a task, controls that would otherwise be coded red
shall be coded orange-yellow with black striping.

7.4.1.5.1 Compatibility with handwear. Controls shall be
compatible with any hand covering maintainers can be expected
to wear in the anticipated environment. Unless otherwise
specified, all dimensions cited in this section are for bare hands
and must be increased as necessary if the maintainer will be
likely to wear gloves or mittens.
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7.4.1.6 Prevention of
accidental actuation

7.4.1.5.2 Use of prototypes. If the use of handwear is
anticipated, the compatibility of a control with the handwear
should be evaluated through the use of prototypes.

7.4.1.5.3 Blind operation. If "blind" operation of a control is
necessary, the control shall be either shape coded or separated
from adjacent controls by at least 125 mm (5 in).

7.4.1.6.1 Location and design. Controls shall be designed and
located so that they are not susceptible to being move
accidentally, ﬁarticularly critical controls whose inadvertent
operation might cause damage to equipment, injury to personnel, or
degradation of system functions.

7.4.1.6.2 Internal controls. Internal or hidden controls should be
guarded because it is usually not obvious whether or not such
controls have been disturbed, and it may be difficult and time-
consuming to locate and readjust them.

7.4.1.6.3 Rapid operation. Any method of guarding a control
from inadvertent operation shall not preclude the operation of the
control within the time required.

7.4.1.6.4 Methods. As applicable, one or more of the following
methods shall be used to guard a control from accidental
actuation.

a. Locate and orient the control so that a maintainer is not
likely to strike or move it accidentally in the normal
sequence of control movements.

b. Recess, shield, or otherwise surround the control with a
physical barrier.

C. Cover or guard the control, but without using safety or
lock wire.

d. Provide the control with an interlock so that an extra

movement is required.

Examples. Examples of extra movements include (1) side
movement out of a detent position, $2) a ‘:)ull -to-engage
clutch,I and (3) the prior operation of a related or Iocklng
control.

e. Provide the control with resistance, such as viscous or
coulomb friction, sprln? loading, or inertia, so that
definite or sustained effort is required for actuation.

f. If applicable, provide the control with a lock that prevents
the control from passing through a position without delay.

g. Use a rotary action control.
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7.4.2 Foot-operated
controls

7.4.1.6.5 ""Dead man" controls. If the incapacitation of a
maintainer might produce a critical system condition, a control
that will result in shutting the system down to a noncritical
operating state when input is removed -- called a "dead man
control” -- shall be used.

7.4.2.1 When to use. Foot-operated controls should be used
under the following conditions:

a.

A control operation requires either greater force than the
upper body can produce or a force close to the upper body
fatigue threshold.

The maintainer’s hands are expected to be occupied with
other manual control tasks at the time an additional
control action is needed.

A specific foot-operated control has been so well
established that a maintainer would expect it, for example,
aircraft rudder and brake pedals and automotive clutch,
brake, and accelerator pedals.

A safety "shutdown™ control is needed during an operation
in which the maintainer’s hands cannot be freed to reach a
safety switch.

7.4.2.2 When not to use. Foot-operated controls should not be
used under the following conditions:

a.

b.

C.

A standing maintainer is confronted with a sensitive
balancing requirement, such as a moving platform, that
would make 1t difficult to balance on one foot while
operating the control with the other.

A precise control action is required.

Selection from many controls is required.

7.4.2.3 Operation. Foot controls shall be located and designed so
that they can be operated in as natural a way as practicable. The
following shall be avoided:

a.

b.

frequent, maximum reaching,

requiring that the leg or foot be held in an awkward
position for extended periods of time,

requiring that a maintainer operate a control frequently or for
an extended period of time while sitting in an awkward or
uncomfortable position,
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d. requiring frequent or prolonged application of maximum
force,
e. requiring that a maintainer search for a particular foot

control in order to select the proper one, and

f. placing a foot control where it might be stepped on and
actuated inadvertently or where typical movement from
one foot control to another creates conditions in which the
foot or clothing might be entrapped by an intervenin
contrhol as a maintainer moves the foot from one control to
another.

= 7.4.2.4 Configuration and placement. The configuration and
placement of foot-operated controls shall accommodate a
maintainer’s footwear. The controls shall be located so that the
actuation of a control by one foot does not interfere with the
actuation of a control by the other foot and so that any required
movements of feet and legs are natural and easily accomplished.

7.4.3 Foot-operated
switches

= 7.4.3.1 Foot-operated switch specifications. The dimensions,
resistance, and displacement of foot-operated switches shall not
exceed the maximum and minimum values given in exhibit
7.4.3.1. Although only one switch per foot is recommended, if it is
necessary that more than one switch be operated by the same foot,
those switches shall be separated by at least 75 mm (3.0 in)
horizontally and 200 mm (8.0 in) vertically.

Exhibit 7.4.3.1 Foot-operated switch specifications

3 i
[0 |
Diameter Resistance Displacement
D A
Foot will Foot will Heavy Ankle Total
not rest rest on Normal boot flexion leg
Minimum 13 mm 18 N 45 N 13 mm 25 mm 25 mm 25 mm
(0.5 in) {4 1b) (10 Ib) {0.5in) (1 in) (1in) {1in)
Maximum - 90 N 90 N 65 mm 65 mm 65 mm 100 mm
{20 Ib) {20 1b) (2.5in) (2.5in) (2.5in) (4 in)
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7.4.4 Hand-operated
controls

7.4.4.1 Rot_ar%/
selector switches

7.4.3.2 When to use. Foot-operated switches should be used only
if a maintainer can be expected to have both hands occupied when
switch activation is required or if load sharing among limbs is
desirable. Because foot-operated switches are susceptible to
accidental activation, their use should be limited to noncritical or
infrequent operations, such as press-to-talk communication.

7.4.3.3 Operation. Foot switches shall be positioned for
operation by the toe and ball of the foot rather than by the heel.
They shall not be located near an obstruction that would prevent a
maintainer from centering the ball of the foot on the switch
button. A pedal may be used over the button to aid in locating
and operating the switch.

7.4.3.4 Operation in wet or slippery conditions. The switch
surface should provide sufficient friction to minimize the
possibility of a maintainer’s foot slipping off when the switch is
wet or slippery.

7.43.5 Feedback. A positive indication of control activation
shall be provided, for example, a snap action, an audible click, or
feedback in a visual or auditory display.

7.4.4.1.1 Rotary selector switch specifications. The dimensions,
resistance, displacement, and separation between adjacent edges
of areas swept by rotary selector switches should not exceed the
maximum and minimum values given in exhibit 7.4.4.1.1.

7.4.4.1.2 When to use. If a switch must have three or more
detented positions, a rotary selector switch should be used. If
only two positions are needed, a rotary switch should not be used
unless prompt visual identification of the switch position is of
prime importance, and speed of control operation is not critical.

7.4.4.1.3 Moving pointer, fixed scale. Rotary selector switches
should have moving pointers and fixed scales.

7.4.4.1.4 Shape. Moving pointer knobs shall be bar-shaped, with
parallel sides and with the indicating end tapered to a point, as
Illustrated in exhibit 7.4.4.1.1. Exceptions may be justified if
Fointer knobs are shape coded or if space is restricted and torque is
ight. Shape coding shall be used if a number of rotary controls
located on the same panel and used for different functions might
otherwise be confused.
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Exhibit 7.4.4.1.1 Rotary selector switch specifications
|
M= W -
Dimensions
Length Width Height Resistance
L W H
Minimum 25 mm R 16 mm 115 mN*m
(1in) (0.6 in) (1 in*ib)
Maximum 100 mm 25 mm 75 mm 680 mN*m
(4 in) {1in) (3 in) (6 in*Ib)
Displacement Separation
A
One-hand Two-hand
1 3 random operation
Minimum 15° 30° 25 mm 75 mm
(1 in) {3 in)
Maximum 40° 90° -- --
Preferred -- -- 50 mm 125 mm
(2 in) (5 in)
1 For facility performance
¥ When special engineering requirements demand large
separation or when tactually {(“blind”) positioned controls are
required.

7.4.4.1.5 Number of positions. A rotary selector switch that is
not visible to the maintainer during normal system operation shall
have no more than 12 ﬁOSItIOI’IS. A rotary selector switch that is

normally visible shall

ave no more than 24 positions.

7.4.4.1.6 Placement of switch positions. If the switch positions
of a rotary switch occupy 180g or more of a circle, no two
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positions shall be opposite each other unless the shape of the
pointer clearly indicates which position is selected.

m  7.4.4.1.7 Switch resistance. The turning resistance of a rotary
switch shall increase between adjacent positions so that the switch
will not stop between the positions, but rather will "snap” into
one of the them.

m  7.4.4.1.8 Reference line. A rotary switch control shall have an
associated reference line. This line shall have a luminance
contrast of at least 3.0 with the color of the switch control under all
lighting conditions.

m  7.4.4.19 Parallax. The knob pointer shall be mounted
sufficientgl close to its scale to minimize parallax between the
pointer and scale markings. When viewed from the maintainer’s
normal working position, parallax errors shall not exceed 25
percent of the distance between scale markings.

7.4.4.2 Key-operated Key-operated switches are used to prevent unauthorized
switches operation. Ordinarily, they provide ON and OFF system
operation.

= 7.4.4.2.1 Key-operated switch specifications. The dimensions,
displacement, and resistance shall not exceed the maximum and
minimum values given in exhibit 7.4.4.2.1.

Exhibit 7.4.4.2.1 Key-operated switch specifications

Displacement Height
(A) (H) Resistance
Minimum 30° 13 mm 115 mN*m
(0.5 in) {1 in*Ib)
Maximum 90° 75 mm 680 mN*m
(3 in) (6 in*Ib)

= 7.4.4.2.2 Color, shape, and size coding. If key-operated
switches are coded by color, shape, or size, the coding shall
conform to the following criteria.
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7.4.4.3 Discrete
thumbwheel controls

a. Color coding shall be used only if ambient illumination is
adequate to differentiate the colors.

b. Red shall be used only for emergency functions.
Otherwise, color may be used to aid in identifying various
switches by function.

C. If shape coding is used, sharp corners shall be avoided.
Otherwise, shape coding may be used to permit the
identification of a switch tactually.

d. If size coding is used, there shall be no more than two
sizes.

7.4.4.2.3 Marking and labeling. Key-operated switches shall be
appropriately marked and labeled.

7.4.4.2.4 Teeth on both edges. Keys for key-operated switches
shall have teeth on both edges and shall fit the lock with either
side up or forward.

7.4.4.25 Teeth on a single edge. If paragraph 7.4.4.2.4 has been
waived and keys with a single row of teeth are used, the lock
shall be positioned so that the teeth point up or forward.

7.4.4.2.6 ON-OFF switches. Key-operated ON-OFF switches
shall be positioned to that the key is vertical when the switch is
OFF.

7.4.4.2.7 Direction of rotation. The key should turn clockwise
from the vertical OFF position to the ON position.

7.4.4.2.8 Key removal. Maintainers should normally be able to
remove the key from the switch only when the switch is in the
OFF position.

7.4.4.3.1 When to use. Thumbwheel controls should be used
only if the function requires a compact digital input device, for
example, to enter a series of numbers, and a readout is needed for
verification.

7.4.4.3.2 Shape. Each position around the circumference of a
discrete thumbwheel shall have a concave surface or shall be
separated by a high-friction area that is raised from the periphery of
the thumbwheel. The thumbwheel shall not preclude viewing the
digits within a 30° viewing angle to the left and right of a
perpendicular to the thumbwheel digits.

7.4.4.33 Coding. If athumbwheel control includes an OFF or
NORMAL position, that position should be color coded to permit a
visual check that the control is in that position. Other coding
methods include location and labeling.
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m 7.4.4.3.4 Direction of movement. Moving the thumbwheel edge

forward, upward, or to the right shall increase the setting.

= 7.4.435 Internal illuminance and appearance of characters.

If ambient illumination will provide disglay illuminance less than
3.5cd/m ﬁl fL), the thumbwheel shall be lluminated internally.
Digits shall appear as illuminated characters on a black

]E)alclkground, and their approximate dimensions shall be as
ollows:

a. height: at least 4.8 mm (0.19 in),
b. height-to-width ratio: 3:2, and
C. height-to-stroke width ratio: 10:1.

o 7.4.4.3.6 External illuminance and appearance of characters.

If ambient illumination will provide ispla?/ illuminance equal to
or greater than 3.5 cd/m2 (1 fL), internal illumination is not
required. The digits should be bold, black numerals engraved on

a light or white background. The dimensions should be
approximately as those in paragraph 7.4.4.3.5, except that the
height-to-stroke width ratio should be approximately 5:1.

m  7.4.4.3.7 Visibility. A thumbwheel shall not hinder a maintainer’s

ability to read the setting from his or her normal working position

m  7.4.4.3.8 Dimensions. Thumbwheel dimensions shall not exceed

the maximum and minimum dimensions given in exhibit
7.4.4.3.8.

Exhibit 7.4.4.3.8 Discrete thumbwheel specifications

[P D

3
1 —] s —

e | ]

D L w H S
Trough

Diameter _distance Width Depth Separation Resistance

Minimum

Maximum

30 mm T1MTmm 3 mm 3 mm 10 mm 1.7 N
(1.1in) (0.4in) (0.1in) (0.1in) (0.4in) (6 0z)

75 mm 19 mm -- 13 mm -- 5.6 N
(3in) (0.75 in} (0.5 in) {20 o0z)
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7.4.4.4 Knobs

7.4.4.3.9 Resistance. Detents shall be provided for discrete
position thumbwheels. Resistance shall increase between detents so
that the thumbwheel will not rest between detents, but rather will
snap into position at a detent. The resistance shall be within the
limits given in exhibit 7.4.4.3.8.

7.4.4.3.10 Separation. Adjacent edges of thumbwheel controls
shall be separated by at least 10 mm (0.4 in). This separation
shall be sufficient to preclude accidental activation of adjacent
controls during use.

7.4.4.4.1 Knob specifications. The dimensions of knobs shall not
exceed the maximum and minimum values specified in exhibit
7.4.4.4.1. Torque (turning resistance) and separation between
ad'q(tz)ent edges of knobs shall conform to the values given in the
exhibit.

Discussion. Within the limits stated, and provided that
resistance is low and that the knob can be easily grasped,
knob size is relatively unimportant. If panel space is
limited, knobs may approximate the minimum values,
with their resistance as low as possible, but not so low that
they might be turned by vibration or by a mere touch.

7.4.4.4.2 When to use. A knob should be used if low force or
precise adjustment of a continuous variable is required. A
moving knob with a fixed scale is preferred to a moving scale
with a fixed index for most tasks. If the position of a single-
revolution knob must be distinguishable, the knob should have a
pointer or marker.
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Exhibit 7.4.4.4.1 Knob specifications

s O o
B o TET

=

a : b c
Fingertip grasp Thumb and finger Palm grasp
encircled .
H D D D L
Height Diameter Diameter Diameter Length
Minimum 13mm 10 mm 25 mm 38 mm 75 mm
{0.6in} (0.4in) (1.0 in) {(1.5in}) (3.0in)
Maximum 25 mm 100 mm 75 mm 75 mm
(1.0in) (4.0in) (3.0 in) (3.0in)
Torque Separation
S S
One hand Two hands
T 3 individually __simultaneously
Minimum -- -- 25 mm 50 mm
(1in) (2 in)
Optimum - -- 50 mm 125 mm
(2 in) (5 in)
Maximum 32 mN*m 42 mN*m -- --
(4.5 in*0z) (6.0in*o0z2)

t To and including 25 mm {1 in) diameter knobs
1 Greater than 256 mm (1 in) diameter knobs
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o 7.4.4.43 Knob style. Rotating knob controls for different types
of control actions should be distinguishable both visually and
tactually. They should not be easily confused with one another.
If knowledge of the position of a knob or its setting is important, the
knob should be shape coded or include a pointer or other means
to make its position apparent.

7.4.4.5 Ganged
control knobs

m  7.4.45.1 Ganged control knob specifications. The dimensions
for two and three knob assemblies shall not exceed the maximum or
minimum values given in exhibit 7.4.4.5.1. Torque (turning
resistance) shall not exceed the values given in the exhibit.
Separation shall be at least the minimum given in the exhibit for
the appropriate type of operation.

Exhibit 7.4.4.5.1 Ganged control knob specifications

Hy — D0 Hp D2
Hy — D2 Ha 03
-
Two knob assembly Three knob assembly

H, H, D, D, H, H, H, D, D, D,

l

Minimum 16 mm 13 mm 13 mm 22 mm 19 mm 19 m mm 13mm 44 mm 75 mm
(.6in) (bin} (bin) (.9in) (.75in) (. 75 ) {. 25 in) (.bin) (1.75in) (3 in)
Maximum - - - 100 ) ) - ) 100
mm mm
{4 in) {4 in)
Torque Separation

One hand individually Two hand simultaneously

t t Bare Gloved Bare Gloved

Minimum - -- 25 mm 63 mm 50 mm 90 mm
(1.0 in) {2.5 in) (2.0 in) (3.5 in)

Optimum - -- 50 mm 90 mm 75 mm 100 mm

(2.0 in) (3.5 in) (3.0 in) (4.0 in)

Maximum 32 mN*m 42 mN*m - -- - -
(4.5 in*oz) (6.0in*o0z)

t To and including 25 mm (1.0 in) diameter knobs
¥ Greater than 25 mm (1.0 in) diameter knobs

o 7.4.452 When to use. Ganged knob assemblies should be used
only if panel space is limited. When ganged assemblies are used,

7-72 FAA Human Factors Program January 15, 1996



HFDG

7 Human-equipment interfaces

the number ganged should be minimized. Three-knob assemblies
should be avoided. Ganged knobs should not be used under the
following conditions:

a Extremely accurate or rapid operations are required.

b. Frequent changes are necessary.

C. The maintainer is likely to be wearing gloves.

d. The equipment is likely to be exposed to weather or field
conditions.

7.4.453 Serrations. Knobs should be serrated. Knobs for
precise adjustments should have fine serrations; knobs for gross
adjustments should have coarse serrations.

7.4.45.4 Marking. An indexing mark or pointer shall be
provided for each knob. Marks or pointers shall differ
sufficiently from one knob in an assembly to another that it is
apparent which indexing mark is associated with which knob.

7.4.45.5 Knob and display relationship. If the knobs of a
ganged assembly are associated with an array of visual displays,
the knob closest to the Panel shall be associated with the left-most
display in a horizontal array or to the uppermost display in a
vertical array, as illustrated in exhibit 7.4.4.5.5.

Exhibit 7.4.4.5.5 Relationship between ganged knobs and their
associated displays

— 0 0O 6

Ganged knob}display
Association

7.4.45.6 Inadvertent movement, critical. If itis critical that
one knob not be moved inadvertently while another knob is being
moved, a secondary knob control movement shall be required.

Example. It might be necessary to press the top knob in
or down to engage its control shaft.

7.4.45.7 Inadvertent movement, noncritical. If inadvertent
movement of one knob while another is being adjusted is
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undesirable but not critical, the "optimum™ separation dimensions in
exhibit 7.4.4.5.1 should be used.

Discussion. Using different colors for the individual
knobs can help in their identification.

7.4.4.6 Continuous
adjustment thumbwheels

= 7.4.4.6.1 Continuous thumbwheel specifications. The
dimensions, separation, and resistance of thumbwheels shall not
exceed the maximum and minimum values given in exhibit

7.4.4.6.1.

Exhibit 7.4.4.6.1 Continuous thumbwheel specifications

i R
o1{{{] o®2 &

Arrows Indicate
Increasing
Value

1t Preferred. Some miniature applications may require less.

T P
ysﬁ— —4 S A_
E w S
Rim Width
exposure A B Resistance
Minimum 25 mm 1 3 mm 25 mm 50 mm To minimize effects
(1.0 in) (0.1 in) (1.0 in) (2.0in) of inadvertent
Add 13 mm Add 25 mm input if
(0.5 in) (1.0 in) operator subject
for gloves for gloves to motion
Maximum 100 mm 23 mm N/A N/A 3.3N
(4.0 in) (0.9 in) (12 oz)
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7.4.4.7 Cranks

7.4.4.6.2 When to use. If an application will benefit from the
compactness of a thumbwheel, a continuously adjustable
thumbwheel should be used rather than a rotary knob.

7.4.4.6.3 Orientation and movement. Thumbwheels shall be
oriented and move in the directions specified in exhibit 7.4.4.6.1.

7.4.4.6.4 Turning aids. The rim of a thumbwheel shall be
serrated or provided with a high friction surface to make it easy
to turn.

7.4.4.6.5 OFF position. A continuous adjustment thumbwheel
that has an OFF position shall have a detent at that position.

7.4.4.7.1 Crank specifications. The dimensions, resistance, and
separation of adjacent circular swept areas of cranks shall not
exceed the maximum and minimum values given in exhibit
7.4.4.7.1.

7.4.4.7.2 When to use. Cranks should be used for any task that
requires many rotations of a control, particularly if high rates or
large forces are involved. For tasks that involve large slewing
movements as well as small, fine adjustments, a crank handle
may be mounted on a knob or handwheel. The crank would then be
used for slewing and the knob or handwheel, for the fine
adjustment. If a crank is used for tuning or another process
involving numerical selection, each rotation of the crank should
correspond to a multiple of 1, 10, 100, or other appropriate value.
If extreme precision is required in an X-Y control, for example,
in setting crosshairs or reticles in reading a map, a
simultaneously-operated pair of handcranks should be used in
preference to other two-axis controllers. The gear ratios and
dynamic characteristics of such cranks should permit precise
placement of the followers without over- or undershooting and
successive corrective movements.

7.4.4.7.3 Grip handle. The handle of a handcrank shall turn
freely around its shaft.

7.4.4.7.4 Folding handles. If a crank handle might be a hazard to
persons passing by, or if it is critical that the handle not be moved
Inadvertently, a folding handle should be used. If a foldin

handle is used, it should be stable in both the extended and folded
positions.

7.4.475 Crank balance. In applications in which resistance is
low, the crank shall be balanced so that the weight of the handle
does not move the crank from its last setting.
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Exhibit 7.4.4.7.1 Crank specifications

-t

Basic Dimensions

Folding Handle

!
t

-

-

Free
c-" Spinning

Combined Finger/
Spinner Styles
(Consoles)

Machine Crank

Handle R, Turning radius
Load Specification L, length D, diameter Rate below Rate above
100 RPM 100 RPM

Light loads: Minimum
Less than Preferred
22N (5.0 Ib) Maximum
{Wrist and finger
movement)

Heavy loads: Minimum
22 N (5.0 Ib) Preferred
or more. Maximum
arm

movement)

25 mm{1.0in) 10 mMm({0.4in) 38 mMmm{1.5in) 13 mm(0.5 in}
38 mMmm{1.5in) 13 mMm{0.5in) 75 mMM(3.0in) 65 MmMm(2.5 in)
75 mm(3.0in) 16 mm(0.6in}) 125 mMm(5.0in 115 mMm(4.5 in)

75 mm{3.0in} 25 mMm(1.0in) 190 mMmM(7.5in) 125 mm(5.0 in)
95 mMm(3.75 in) 25 mm(1.0 in) - -- - --

-- 38 mMm({1.5in) 510 mMm(20.0 in) 230 mMm(9.0 in)
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7.4.4.8 Push buttons

m 7.4.4.8.1 Push button specifications. The dimensions, resistance,
displacement, and separation of push buttons shall not exceed the
maximum and minimum values given in exhibit 7.4.4.8.1. Push
buttons used in keyboards are exempt from this requirement.

Note. Mechanical interlocks or barriers may be used
instead of the separation specified in exhibit 7.4.4.8.1.

Exhibit 7.4.4.8.1 Push button specifications

i ) i s
Dimensions
Dialr)neter Resistance
Different
Fingertip Thumb or palm Single finger fingers Thumb or palm
Minimum 9.5 mm 19 mm 2.8 N 1.4 N 2.8N
(0.375 in) {0.75 in) {10 oz) {5 oz) (10 oz)
Maximum 25 mm 11N 5.6 N 23N
(1in) {40 oz) {20 o02) (80 0z2)
Displacement
Fingertip Thumb or palm
Minimum 2 mm (0.08 in) 3 mm (0.125 in)
Maximum 6 mm (0.25 in) 38 mm (1.5 in)
Separation
s
Single finger Different
i i fingers Thumb or palm
Minimum 13 mm (0.5 in) 6 mm (0.25in) 6 mm (0.25in) 25 mm (1 in)
Preferred 50 mm (2 in) 13mm (0.5in) 13 mm (0.5 in} 150 mm (6 in)
Note: These data are for barehand operation. For gloved hand operation, the minimum values
should be suitably adjusted

January 15, 1996 FAA Human Factors Program 7-77



7 Human-equipment interfaces HFDG

7.4.4.9 Keyboards

7.4.4.8.2 When to use. Push buttons should be used if a control is
needed for momentary contact or to activate a locking circuit,
particularly if the control will be used frequently.

7.4.48.3 When not to use. Push buttons shall not be used if the
status ?f a function must be indicated by the position of its
control.

7.4.4.8.4 Shape. The surface of a push button should be concave to
accommodate a fingertip. If it is not concave, it should have a
nonslip surface.

7.4.4.8.5 Positive feedback. A push button shall provide positive
feedback of operation, for example, a "snap" action, an audible
click, or an integral light.

7.4.4.8.6 Prevention of inadvertent operation. Ifitis
imperative that a push button not be operated inadvertently, the
button shall be recessed or protected by a barrier or a cover. If a
cover is used, the opened cover shall not interfere with the
operation of its protected push button or adjacent controls.

7.4.4.9.1 When to use. If alphanumeric, numeric, or special
function information is to be entered into a system, an
arradngement of push buttons in the form of a keyboard should be
used.

7.4.4.9.2 Numeric ke?/boards. Keyboards intended solely for the
entry of numbers shall have the numerals "1" through "9"
arranged in a three by three array, with "0" centered below the
bottom row. If the keyboard will be used primarily for
communications, it shall use the "telephone™ arrangement, that is,
with the numerals 1, 2, and 3 in the top row. If it will be used
primarily for manipulating numbers, it shall use the "calculator”
arrangement, that is, with the numerals 1, 2, and 3 in the bottom
row.

7.4.4.9.3 Alphanumeric keyboards. Keyboards intended for the
entry of both alphabetic and numeric information shall conform
to the standard "QWERTY" arrangement.

7.4.4.9.4 Two-dimensional cursor control. If a keyboard will be
used for text processing, it shall provide for movement of the cursor
in two dimensions, for example by including a set of cursor
control keys.

7.4.4.9.5 Cursor control key layout. If cursor control keys are
included, they should be arranged in a two-dimensional array.

7.4.4.9.6 Consistent keyboards. If a system contains more than
one keyboard, the configuration of alphanumeric, numeric, and
special function keys shall be consistent throughout the system.
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7.4.4.10 Toggle
switches

7.4.4.9.7 Positive feedback. When a user presses a key, feedback
shall be provided to inform him or her: (1§ that a key has been
pressed, (2) which key has been pressed, and, if applicable, (3)
that the action associated with the key has been initiated.

7.4.4.10.1 Toggle switch specifications. The dimensions,
resistance, displacement, and separation of toggle switches shall
not exceed the maximum and minimum values given in exhibit
7.4.4.10.1. The resistance of a toggle switch shall increase as the
switch is moved toward its midpoint, then decrease as the switch
"snaps” into its alternate position. The switch shall not be capable
of remaining between positions without being held.

Definition. A toggble switch is a switch with discrete
positions operate a lever. Controls having the same
size and shape, but that allow continuous adjustment are
levers.

7.4.4.10.2 When to use. Toggle switches should be used for
functions that require two discrete positions or where space
limitations are severe.

7.4.4.10.3 Three-position toggle switches. A to%gle switch
having three positions shall be used only if: (1) the use of some
other t?/pe of control such as a rotary switch or a legend switch is not
feasible, or (2) the toggle switch is a spring-loaded switch with
the center position being the OFF position. A toggle switch that
latches in one position and is spring-loaded to return to center
from the other shall not be used If release from the spring-loaded
position would allow the switch lever to travel past the center
position.

7.4.4.10.4 Preventing accidental actuation. If it is imperative
that a toggle switch not be operated inadvertently, for example, if
actuation might result in a critical or hazardous condition, the
switch shall be protected. Protection might be by means of a
barrier or a cover. Safety or lock wire shall not be used. The
resistance to lifting a cover shall not exceed 13 N (3 1b). Ifa
cover is used, it shall not interfere with the operation of the
switch or of adjacent controls when it is open.

7.4.4.105 Positive feedback. A toggle switch shaIIJ_)rovid_e
positive feedback, for example, a "snap™ action, an audible click, or
an integral or associated light.

7.4.4.10.6 Orientation. Toggle switches should be oriented
vertically, and, if applicable, OFF should be in the down
position. A horizontal orientation should be used only to make
}he switch compatible with its controlled function or equipment
ocation.
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Exhibit 7.4.4.10.1 Toggle switch specifications

s ot
~, [ 1
o .
] |
Dimensions Resistance
L D Small Large
Arm length Control tip  switch switch
* * ¥
Minimum 13 mm 38 mm 3 mm 2.8N 2.8N
(0.5 in) (1.5 in) (0.13in) (10 02) 10 o0z)
Maximum 50 mm 50 mm 25 mm 45N 11N
{2 in) (2 in) (1in) (16 0z) (40 o02)
Displacement between positions
A
2 position 3 position
Minimum 30° 17°
Maximum 80° 40°
Preferred - 25°
Separation
Single finger Single finger Simultaneous operation
operation sequential operation by different fingers
T .
Minimum 19 mm 25 mm 13 mm 16 mm
{0.75 in) (1in) (0.5 in) (0.63 in)
Optimum 50 mm 50 mm 25 mm 19 mm
(2 in) (2 in) (1in) (0.75 in)
* Use by bare hand
* ¥ Use with heavy handwear
t Using a lever lock toggle switch
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7.4.4.11 Legend
switches

m  7.4.4.11.1 Legend switch specifications. The dimensions,
resistance, and displacement of legend switches and the
separation of adjacent legend switches shall not exceed the
maximum and minimum values given in exhibit 7.4.4.11.1.

Exhibit 7.4.4.11.1 Legend switch specifications

$,. S, A Barriers Resistance
Size Displacement B, B,
Minimum 19 mm* 3 mm** 3 mm 5 mm 2.8 N***

(0.75 in) {0.13in) {0.13in} {0.38in) (10 02)

Maximum 38 mm 6 mm 6 mm 6 mm 16.7 N
(1.5 in) (0.25 in) {0.25in) (0.25in) (60 oz)

* 15 mrh (0.63 in) where the switch is not depressed below the panel.

** b mm (0.38 in) for positive position switches.

*** 5.6 N (20 oz) for use in moving vehicles.

m  7.4.4.11.2 Barriers. Critical switches and switches likely to be
activated inadvertently shall have barriers unless specified
otherwise. The height of barriers (measured from the surface of the
panel) shall not exceed the maximum and minimum values given
In exhibit 7.4.4.11.1.

= 7.4.4.113 Positive feedback. A legend switch shall provide
positive feedback of operation, for e_xam(JoIga, a "snap” action, an
audible click, or an integral or associated light.
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7.4.4.12 Rocker
switches

7.4.4.11.4 Legibility of legend. The legend on a legend switch
shall be legible with and without internal illumination.

7.4.4.11.5 Lamp replacement. The lamp within a legend switch
shall be replaceable from the front of the panel by hand.

7.4.4.11.6 Cover replacement. The covers of legend switches
should be marked or coded to ensure that each cover can be
replaced on its associated switch if it has been removed.

7.4.4.11.7 Legends. The legend on a legend switch shall not
exceed three lines of characters.

7.4.4.12.1 Rocker switch specifications. The dimensions,
resistance, displacement, and separation of rocker switches shall
not exceed the maximum and minimum values given in exhibit
7.4.4.12.1. The resistance of a rocker switch shall increase as the
upper portion is pressed down or in, then decrease so that the switch
"snaps" into position. A rocker switch shall not be capable of
stopping between positions.

Discussion. It may be desirable to color code the two
portions of a rocker switch as an aid in identifying the
switch’s position, for example, the portion indicating ON
mighﬁ be one color, and the portion indicating OFF might be
another.

7.4.4.12.2 When to use. Rocker switches should be used rather
than toggle switches if: §1) a toggle switch handle might
interfere with or be interfered with surrounding activity, or (2)
panel space is too limited for the labeling of toggle switch
positions.

7.4.4.12.3 Three-position rocker switches. Rocker switches
with three ﬁositions shall be used only if: (1) the switch is spring-
loaded, with the center position being OFF, or (2) the use of another
}ype_glf control such as a rotary switch or a legend switch is not
easible.

7.4.4.12.4 Preventing accidental actuation. If it is imperative
that a rocker switch not be operated inadvertently, for example, if
actuation might result in a critical or hazardous condition, the
switch shall be protected, for example, with a channel guard,
barrier, cover, or an equivalent protective measure.

7.4.4.125 Positive feedback. A rocker switch shall provide
positive feedback of operation, for example, a "snap™ action, an
audible click, or an integral or associated light.

7.4.4.12.6 Orientation. If practicable, rocker switches shall be
oriented verticall?/. Actuation of the upper portion, that is,

depressing it, shall turn the equipment or component ON, cause a
quantity to increase, or cause movement of a unit equipment or a

7-82 FAA Human Factors Program January 15, 1996



HFDG 7 Human-equipment interfaces

component clockwise, forward, up, or to the right. Rocker
switches shall be oriented horizontally only to make the switch
compatible with the controlled function or equipment location.

Exhibit 7.4.4.12.1 Rocker switch specifications

-+
L

. Yhw T
Standard rocker switch: __ , !
Use as alternate two- \; Al.- . Narrow width, especially
position to?gle switch desirable for tactile
to provide labeting definition with gloves.
surface, ease of color
coding, and switch
illumination.

OFF | ON Alternate (contrast] color
S for on versus off to provide
conspicuous cue of swltch
position. llluminated “on”
desirable as second feedback
cue.
Dimensions Resistance
W. width L. _length
Minimum 6 mm (0.25in) 13 mm (0.5in) 2.8 N (10 02)
Maximum 11 N (40 o2)
Displacement Separation

(center-to-center)

H, height A, angle S (Bare S (Gloved

Minimum 3 mm 30° 19 mm 32 mm
(0.1 in) (0.75 in) (1.25 in)

o 7.4.4.12.7 lllumination. If a rocker switch will be used where the
ambient illumination will provide display illuminance of less
than 3.5 cd/m? (1 fL), the switch should be illuminated internally.
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= 7.4.4.128 Labels. If arocker switch is illuminated, any
alphanumeric characters shall appear as illuminated characters on
an opague background. These characters shall:

a. be at least 4.8 mm (0.19 in) in height,

b. have a height-to-width ratio of 3:2, and

C. have a height-to-stroke-width ratio of 10:1.
7.4.4.13 Slide switches

= 7.4.4.13.1 Slide switch specifications. The dimensions,
resistance, and separation of slide switches shall not exceed the
maximum and minimum values given in exhibit 7.4.4.13.1. Each
position of a slide switch shall have a detent. Resistance between
positions shall increase and then decrease so that the switch
"snaps” into position. A slide switch shall not be capable of
stopping between positions.

Exhibit 7.4.4.13.1 Slide switch specifications

Dimensions Resistance

H W Small Large
Actuator height Actuator width switch  switch
1 1

Minimum 6 mm 13 mm 6 mm 2.8N 2.8 N
(0.25in) (0.5in) (0.1in}) (100z) (10 02)

Maximum - - 25 mm 45N 11N
(1.0in) (16 oz) (40 oz)

S, separation

Single finger Single finger Simultaneous
operation sequential operation by
operation different fingers

Minimum 19 mm (0.75 in) 13 mm (0.5 in) 16 mm (0.6 in)
Optimum 50 mm (2.0in} 25 mm (1.0in) 19 mm (0.75 in)

t Use with bare
¥ Use with heavy handwear
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7.4.4.14 Discrete
push-pull controls

7.4.4.13.2 Preventing accidental actuation. If it is imperative
that a slide switch not be operated inadvertently, for example, if
operation might result in a critical or hazardous condition, the
switch shall be protected. Protection might be by means of a
channel guard, barrier, cover, or an equivalent protective
measure.

7.4.4.13.3 Orientation. Slide switches shall be oriented
vertically, with movement of the slide up or away from the user
turning the equipment or component ON, causing a quantity to
increase, or causmdg the equipment or component to move
clockW|se forward, up, or to the right. Horizontal orientation
shall be used only to make the switch compatible with its
controlled function or equipment location.

7.4.4.13.4 Positive feedback. A slide switch that has more than

two positions shall provide an indication of its s_ettm?, for

ﬁxardnlple, by means of a pointer located on the side of the slide
andle.

7.4.4.14.1 Push-pull control specifications. The dimensions,
displacement, and separation of push-pull controls shall not
exceed the maximum and minimum values given in exhibit
7.4.4.14.1.

Discussion. Push-pull controls may be used to select one of
two discrete functions or, if panel space is limited, to
combine two related, but distinct functions, such as a
combination ON-OFF switch and volume control into a
single control. A three-position push-ﬁull control may be
acceptable in isolated instances in which the criticality of
inadvertent selection of the wrong position has no serious
consequences, for example, the OFF-parking lights-
headlights switch on some automobiles.

7.4.4.14.2 When to use. Push-pull controls should be used
sparingly and primarily in applications in which they have been
used traditionally, for example, vehicle headlight switches.

7.4.4.14.3 Rotation. Push-pull controls shall normally be keyed
to a nonrotating shaft. Exceptions are: (1) combination push-
pull and rotate controls, and (2) special applications, for example,
one in which a handle is rotated to disengage something.
Combination push- Full and rotate knobs shall have a serrated rim to
suggest both visually and tactually that the knob can be rotated
ﬂndgo help prevent fingers from slipping when they turn the

nob.

7.4.4.14.4 Detents. Push-pull controls shall have detents to
provide tactile indication of positions.
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Exhibit 7.4.4.14.1 Push-pull control specifications

P

<P 5
S

Push-pull control, low resistance, for two-position, mechanical and
electrical systems. Alternate three position plus rotary function
acceptable for application such as vehicle headlight plus parking lights,
panel and dome lights. Provide serrated rim.

Minimium Minimum Displacement Minimum space (S)
diamter (D) clearance (C) between controls:
19 mm 25 mm (1.0 in) 12-38 mm 38 mm (1.5 in)
(0.75 in) add13 mm (0.5-1.5 in) add13 mm (0.5 in)
(0.5 in) for Minimum between for gloved hand

gloved hand pull positons:

13 mm (0.5 in)

Alternate handle; miniature electrical panel switch only. Avoid glove
use application.

Minimum Minimum Minimum Minimum Minimum space

diameter clearance length displacement between
(D) (C) (S)

6.5 mm N/A 19 mm 13 mm 25 mm

{0.25 in) (0.75 in) (0.5 in) (1in)

High force push-pull, for two-position mechanical system only.

Minimum Depth (D) Minimum Minimum
width (W) clearance (C) displacement
100 mm 16-38 mm 38 mm (1.5 in) 25 mm (1 in)

(4 in) {0.6-1.5in) add 6 mm (0.24 in) Preferred:
for gloved hand 50 mm (2 in)

Same as above. The following values are preferred where possible
garment or cable-snag possibility exists.

Minimum Depth Minimum Minimum Minimum
width (D) clearance displacement space between
(W) {C) (S)
100 mm 16-38 mm 38 mm 25 mm (1 in) 13 mm
{4 in) (0.6 in - {1.5in) Preferred: (0.5 in)
1.5 in) 50 mm (2 in)

Note. 1 and 2 finger pulls are also acceptable for less than 18 N {4.0 Ib) application

m 7.4.4.145 Sna%ging and inadvertent operation. Push-pull
controls shall be designed and located to prevent:

a. the snagging of clothing, wires, and cables,

b. their being bumped by passers by, and
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7.4.4.15 Printed
circuit switches

7.4.4.16 Levers

C. their being bumped by someone reaching for or operating
another nearby control.

7.4.4.14.6 Direction of movement. The direction of movement of
a push-pull control shall conform to the following:

a. Pulling the control toward the user shall turn ON or
actuate the associated equipment or function; pushing the
control away from the user shall turn OFF or deactuate the
equipment or function.

b. Turning a combination push-pull and rotary control
clockwise shall actuate or increase the function.

7.4.4.14.7 Resistance. The force required to push or pull a panel
control with the fingers should not exceed 18 N (4 Ib). The force
required to push or pull a T-bar with four fingers should not
exceed 45 N (10 Ib).

Printed circuit (PC) switches may be used if manual programming
functions are needed in systems that employ printed circuit boards.

7.4.4.15.1 Dimensions. PC switches shall be large enough to
permit error-free manipulation by a person using a pencil or pen. PC
switch actuators shall not require the use of a special tool for their
operation.

7.4.4.15.2 Resistance. The resistance of a PC switch shall be high
enough to avoid inadvertent actuation under the expected
conditions of use. The resistance shall increase to a maximum
halfway between positions, then decrease again so that the switch
actuator "snaps" into position. The actuator shall not be capable of
stopping between positions.

7.4.4.15.3 Displacement. Sliding PC switch actuators shall have
enough displacement to permit easy identification of the switch
position. Displacement shall be at least twice the width or
thickness of the actuator. If rocker switches are used, the
actgated portion of the switch shall be flush with the panel
surface.

7.4.4.15.4 Separation. If two or more PC switches are grouped
together, their actuators shall be far enough apart to permit error-free
operation of the individual switches.

7.4.4.15.5 Shape. The surface of the actuator shall be indented to
accept the point of a pen or pencil. The indentation shall be deep
enough that the point does not slip as the actuator is manipulated.

7.4.4.16.1 Lever specifications. The dimensions, resistance,
displacement, and separation of levers shall not exceed the
maximum and minimum values given in exhibit 7.4.4.16.1.
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Exhibit 7.4.4.16.1 Lever specifications

A
(d-2)
D
Diameter Resistance
D (d-1) (d - 2)
Finger Hand One Two One Two

grasp grasp hand hands hand hands

Minimum 13 mm 38 mm 9N 9N 9N 9N
(0.5in) (1.5in} (2.01b) (2.01b) (2.0 1b) (2.0 Ib)

Maximum 38 mm 75 mm 135N 220N 90N 135 N
{(1.5in) (3.0in) (301b) (501Ib) (201b) (30 Ib)

Displacement Separation
A
Forward Lateral One hand Two hands
d-1) d-2) random i
Minimum - -- 50 mm 75 mm
(2.0 in) (3.0 in}
Preferred - -- 100 mm 125 mm
(4.0 in) (5.0 in}

Maximum 360 mm 970 mm -- -
(14 in) (38 in)

Note. The dominant hand can supply slightly more force
than the nondominant hand, but the difference is not
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7.4.4.17 Hand-operated
displacement joysticks

significant. The same amount of push-pull force can be
applied when the control is along the median plane of the
body as when it is directly in front of the arm, 180 mm (7 inz
from the median plane. If the control is placed in front o
the opposite (unused) arm, only 75 percent as much force
can be applied. If the control is 250 to 480 mm (10 to 19
in) forward of the seat reference point, twice as much
push-pull force can be applied with two hands as with
one-hand operation. Outside this range, two-hand
operation becomes less effective.

7.4.4.16.2 When to use. Levers should be used if a large amount of
force hs geeded, or if multidimensional movement of the control
is needed.

7.4.4.16.3 Coding. If several levers are located near one another,
the lever handles shall be coded.

7.4.4.16.4 Labeling. If practicable, all levers shall be labeled with
their function and direction of motion.

7.4.4.16.5 Limb support. If alever will be used to make fine or
continuous adjustments, a support for the appropriate limb shall
be provided as follows:

a. For large hand movements, a support for the elbow shall
be provided.

b. For small hand movements, a support for the forearm
shall be provided.

C. For finger movements, a support for the wrist shall be
provided.

Joystick controls are appropriate for tasks that require precise or
continuous control in two or more related dimensions. Their
primary uses are for cursor positioning and for precise
adjustments.

Definitions. A displacement joystick is a joystick that
moves in the direction it is pushed. Displacement
joysticks are usually spring-loaded so that they return to
their center position. An isometric joystick responds to
the amount and direction of pressure applied to It, but it
does not move. Displacement joysticks usually require
less force than isometric joysticks and are thus less
fatiguing over long operating periods.

7.4.4.17.1 Specifications. The handgrip length of a hand-
operated displacement joystick shall be in the range 110 to 180
mm (4.3 to 7.1 in); the grip diameter shall not exceed 50 mm (2
in); clearance shall be at least 100 mm (4 in) to the side and 50
mm (2 in) to the rear. If the joystick is contained in a separate
module, the module shall be mounted to allow operation of the
joystick without the base slipping, moving, or tilting.
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7.4.4.18 Finger-
operated displacement
joysticks

7.4.4.17.2 Movement characteristics. Movement shall not
exceed 45° from the center position. Movement shall be smooth in
all directions, and positioning of a follower shall be attainable
without noticeable backlash, cross-coupling, or need for multiple
corrective movements. If the joystick is to be used for generating
free-drawn graphics, the CRT shall have a refresh rate
sufficiently high to give the appearance of a continuous track
when the follower is moved. Delay between control movement
and the confirming display response shall be minimized and shall
not exceed 0.1 sec.

7.4.4.17.3 When to use. If accuracy is more important than
speed, a displacement joystick should be used rather than an
isometric joystick. If a displacement joystick is used for rate
control, the joystick should be spring-loaded so that it returns to
center. If a Joystick will have a secondary control, a
displacement joystick should be used rather than an isometric
joystick.

Discussion. Uses of displacement joysticks include: (1)
picking data from a CRT, (2) generating free-drawn

raphics, (3) controlling a vehicle, (4) aiming sensors, and
?5) serving as a mounting platform for a secondary control
such as thumb- or finger-operated switches.

7.4.4.17.4 When not to use. Displacement joysticks shall not be
used with automatic sequencing of a CRT cursor or tracking
symbol if they have a dead band near the center or hysteresis. An
exception may be made if they are instrumented for null return or
zero-set to the instantaneous position of the joystick at the time
of sequencing. Upon termination of the automatic sequencing
routine, the joystick center shall again be registered to the scope
center.

Finger-operated displacement joysticks are useful for free-drawn
graphics. In this application, they are not usually spring-loaded
to return to center. It is desirable that they have sufficient friction
to remain in their last position when the hand is removed.

7.4.4.18.1 Finger-operated displacement joystick specifications.
The dimensions, resistance, and clearance of finger-operated
displacement joysticks shall not exceed the maximum or
minimum values given in exhibit 7.4.4.18.1.

7.4.4.18.2 Mounting. The joystick shall be mounted in a way that

provides forearm or wrist support. If the joystick is a separate

modular device, the module shall be mounted so that the joystick

gan be manipulated without slippage, movement, or tilting of its
ase.

7.4.4.18.3 Movement characteristics. Movement shall not
exceed 45° from the center position. Movement shall be smooth in
all directions, and positioning of a follower shall be attainable
without noticeable backlash, cross-coupling, or need for multiple
corrective movements. Control ratios, friction, and inertia shall
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Exhibit 7.4.4.18.1 Finger-operated displacement joystick specifications

Pencil
attachment

Recessed
mounting
D L A S C F

diameter length Resist- Displace- display around  stick
ance ment clearance stick clearance
to stick to shelf

clearance front
Minimum 6.5 mm 75 mm 3.3N - 0 T 120 mm
{0.25in) (3.0in) {(12.0 o02) (4.75 in)
Maximum 16 mm 150 mm 89N 45° 400 mm - 250 mm
(0.6 in) (6.0 in) {32 o2) {15.75 in) (9.9 in)

t Maximum stick excursion plus 100 mm (4.0 in).

7.4.4.19 Thumbtip and
fingertip-operate

displacement joysticks

meet the dual requirements of rapid gross positioning and precise
fine positioning. Recessed mounting or pencil attachments may
be used as indicated in exhibit 7.4.4.18.1 to provide greater
precision of control. If the joystick is to be used for generating
free-drawn graphics, the CRT shall have a refresh rate
sufficiently high to give the appearance of a continuous track
when the follower is moved. Delay between control movement
and the confirming display response shall be minimized and shall
not exceed 0.1 sec.

7.4.4.19.1 Usage. Thumbtip and fingertip-operated displacement
joysticks may be mounted on a handgrip, which can serve as a
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7.4.4.20 Hand-operated

isometric joysticks

7.4.4.21 Thumbti
fingertip-operate
isometric joysticks

and

steady rest to damp vibration or increase precision. If they are so
mounted, the handgrip shall not itself also function as a joystick.

7.4.4.19.2 Mounting. Thumbtip and fingertip-operated
displacement joysticks shall be mounted in a Waﬁ that Frovides
wrist or hand support. Console-mounted joysticks shall be
mounted as shown in exhibit 7.4.4.18.1.

7.4.4.19.3 Movement characteristics. Movement shall not

exceed 45° from the center position. If the joystick is a separate

modular device, the module shall be mounted so that the joystick

(k:)an be manipulated without slippage, movement, or tilting of its
ase.

Isometric joysticks are also known as "stiff" sticks, "force" sticks,
and "pressure” sticks. These joysticks have no perceptible
movement, but they can respond to the amount and direction of
pressure applied. They are appropriate for tasks requiring precise
or continuous control movement in two or more related
dimensions. They are particularly appropriate for applications in
which: (1) there i1s a need for return to a precise center after each
use, (2?] feedback to the user is primarily visual rather than tactual
from the control itself, and (3) there is minimal delay and tight
coupling between the control and system reaction. They may also
be used as mounting platforms for secondary controls, such as
thumb- and finger-operated switches, although operation of
secondary controls is more likely to induce error on an isometric
handgrip than on a displacement handgrip.

7.4.4.20.1 Specifications. The handgrip length of a hand-operated
isometric joystick shall be in the range of 110 to 180 mm (4.3 to
7.1in). The ?rip diameter shall not exceed 50 mm (2 in).
Clearances of 100 mm ?4 in) to the side and 50 mm (2 in) to the rear
shall be provided to allow for hand movement. The maximum
force for full output shall not exceed 118 N (26.7 Ib).

7.4.4.20.2 Mountin%. Hand-operated isometric joysticks shall be
mounted in a way that provides forearm support. If the joystick is
a separate modular device, the module shall be mounted so that the
joystick can be manipulated without slippage, movement, or
tilting of its base.

7.4.4.21.1 Mounting. Thumbtip- and fingertip-operated isometric
joysticks shall be mounted in a way that provides wrist or hand
support. They may be mounted on a handgrip that serves as a
steady rest to damp vibrations or to increase precision. If they are
so mounted, the handgrip itself shall not function simultaneously
as a joystick controller. Console-mounted joysticks shall be
mounted as shown in exhibit 7.4.4.18.1. If the joystick is a
separate modular device, the module shall be mounted so that the
joystick can be manipulated without slippage, movement, or
tilting of its base.
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7.4.4.22 Ball controls Other names for ball controls are "track ball,” "ball tracker,"
"joyball,” and "rolling ball."”

= 7.4.4.22.1 Specifications. The dimensions, exposure, resistance,
and clearance of ball controls shall not exceed the maximum and
minimum values given in exhibit 7.4.4.22.1.

Exhibit 7.4.4.22.1 Ball control specifications

A
C —»it—=D—>t—~F
Dimensions Resistance Clearance
D A S C F
Diameter Surface Precision  Vibration Display Around Ball to
exposure required or clearance ball shelf
acceleration to ball front

conditions clearance

Minimum 50 mm 100 -- - 0 B0 mm 120 mm
(2.0 in) (2.0in) (4.75in)

Maximum 150 mm 140 1.0N 1.7 N 320 mm -- 250 mm
(6.0 in) (3.6 0z) (6.0 oz) (12.6 in) (9.75 in)

Preferred 100 mm 120 0.3 N -- -- -- -
(4.0 in) (1.1 oz)

= 7.4.4.222 Limb support. If a ball control will be used to make
precise or continuous adjustments, a wrist or arm support or both
shall be provided.

= 7.4.4.22.3 Movement characteristics. A ball control shall be
capable of rotation in any direction so as to generate any
combination of X and Y outﬁut values. When moved in either
the X or Y direction alone, the control shall exhibit no apparent
cross-couFIing (that is, movement of the follower in the
orthogonal direction). There shall be no backlash apparent to the
user. Control ratios and dynamic features shall meet the dual
requirements of rapid gross positioning and smooth, precise fine
positioning.
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7.4.4.23 Grid and
stylus devices

7.4.4.24 Hand controls
requiring high force

7.4.4.22.4 \WWhen to use. Ball controls rotate freely in all
directions; therefore, the?/ are suitable for applications such as
data pickoff and accumulative travel, however, they do not
provide for automatic return to a point of origin. Ball controls
should be used only as position controls, that is, applications in
which a movement of the ball produces a proportional movement of
a follower on a display.

7.4.4.22,5 Movement of a follower off a disPIay. If the
apdplication allows a ball control to move its follower off the edge of
a display, the application shall advise the user how to bring the
follower back onto the display.

Grid and stylus devices may be transparent media placed directly on
a display, or they may be located elsewhere, in a location that makes
stylus manipulation convenient.

7.4.4.23.1 Specifications. A transparent grid used as an overlay
on a display shall conform to the size of the display. A grid that

is displaced from the display shall conform as closely as possible to
the size and orientation of its related display. The display shall
contain a follower that appears at the position on the display that
corresponds (that is, has the same coordinate values) to the
location of the stylus on the grid.

7.4.4.23.2 Dynamic characteristics. Movement of the stylus in
any direction on the grid surface shall result in smooth movement of
the follower in the same direction. Discrete placement of the
stylus at any point on the grid shall cause the follower to appear
at