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FOREWORD

1. This standard has been approved for use by all Departments and Agencies of the
Department of Defense.

2. This standard establishes general human engineering criteria for design and development of
Military systems, equipment and facilities. Its purpose is to present human engineering design criteria,
principles and practices to be applied in the design of systems, equipment and facilities so as to:

a. Achieve required performance by operator, control and maintenance personnel.
b. Minimize skill and personnel requirements and training time.

c. Achieve required reliability of personnel-equipment combinations.
d. Foster design standardization within and among systems.

4. This standard does not alter requirements for system development participation of human
engineering specialists to interpret and implement these practices and to provide solutions to human
engineering problems which arise and which are not specifically covered herein.

5. The use of the words "shall,” "should," "may,”" and "will" in this standard is in accordance
with MIL-STD-962, wherein "shall" expresses a provision that is binding, "should" and "may"
express non mandatory provisions, and "will" expresses a declaration of purpose or simple futurity.

6. Requirements herein are expressed in the International System of units (SI). As a
convenience, the metric units are accompanied by their approximate customary system equivalents (in
parentheses). Angular measure is expressed in degrees unless it is necessary to specify fractions of a
degree where milliradians are used.

7. Beneficial comments (recommendations, additions, deletions) and any pertinent data which
may be of use in improving this document should be addressed to Commander, U.S. Army Missile
Command, ATTN: AMSMI-RD-SE-TD-ST, Redstone Arsenal, AL 35898-5270 by using the self-
addressed Standardization Document Improvement Proposal (DD Form 1426) appearing at the end of
this document or by letter.
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. SCOPE

1.1 Scope. This standard establishes general human engineering design criteria for military

Systems, subsystems, equipment and facilities.

1.2 P

subsystem, equipment, and facility, and achieve effectiveness, simplicity,
safety of system operation, training, and maintenance.

1.3 Application. This standard shall be applied to the design of all
equipment and facilities, Nothing in this standard shall be

changed as noted therein.

se. The purpose of this standard js to present human engineering design criteria,
principles, and practices to achieve mission success through integration of the h

systems, subsystems,

construed as limiting the selection of
dware, materials, or processes to the specific items described herein. Unless otherwise stated in
specific provisions, this standard applies to design of systems, subsystems, equipment and facilities
for use by both men and women, This standard is not intended to be a criterion for limiting use of
matenel already in the field in areas such as lift repetition or temperature exposure time. Where the
Procuring activity estabiishes use by male personnel exclusively, the paragraphs listed in Table I are

uman into the system,
efficiency, reliability, and

TABLE L Paragraph changes where exclusive use by male personnel is specified

Paragraph | Line From | To |
5.2.1.411 2&3 635 mm (25 1n) 700 mm (2§ 1n)
5442 3&4 and should ... adjustment) (delete)

5433 485 [ The .. adjustment) (delete)
5.6.1 3 female (delete)
5.7.2.2 2 178 cm (47 -"701n) 188 cm (41 - 74 1n)
5.7.2.3 2 165 em (30 - 63 1n) 175 cm (30- 69 1n)
5.7.2.4 2 178 cm (34-70m 188 cm (34- 74 1n
5723 2 [13Bem (333 cm (34-37 in)
3 53 cm (21 in) 56 cm (22 in)
53.7.3.42 1&2 8 to 54 cm (15 40 to 54 cm (16
5.7.3.6 2 ll7cm(6-46in) 122 cm (6-481n)
5.7.3.7 2 89 cm (14-331n) 94 cm (1437 1n)
2 53 cm (21 in) 56 cm (22 in)
3739 ) 88 cm (8- 341n) 89cm (8- 35 n)
5.7.3.10 p) 4cm (8-29m) /6 cm (8-301m)
57614 2 %%;IMI) 75cm (293
Table XX Al 170 m (46.0n) 1210 m (7T )
1.335m (52.5 in) 1.370 m (54.0 in)
1.435m (56.5 in) 1.470 m (58.0 in)
A3&4 (1.535m (60.5 in) 1.570 m (62.0 in)
Bl 520 mm (20.5 in) 560 mm (22.0 in)
B3&4 620 mm (24.5 in) 660 mm (26.0 in)
Figure 30 G 150 mm (6 1n) 125 mm (5 n)
H 190 mm (7.5 in) 165 mm (6.5 in)
Figure 36 .. B-Max_ 1380 mm (15 n) 410 mm (16 in)
5.7.7.1.2 4 13 kg (29 1bs) 18 kg (40 Ibs)
5071147 4.6 Delete second and (third) sentences
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1.4 Force limits. If it is known that an item is to be used by an already established military
occupational specialty, for which physical qualification requirements for entry into that specialty are
also established, any discrepancy between the force criteria of this standard and the physical
qualification requirements shall be resolved in favor of the latter. In this event, the least stringent
physical qualification requirement of all specialties which may operate, maintain, transport, supply,
move, lift or otherwise manipulate the item in the manner being considered, shall be used as a
maximum design force limit. If such physical qualification requirements for entry into a specialty do
not cover the task covered herein, the criteria herein shall govern.

1.5 Manufacturing tolerances. When manufacturing tolerances are not perceptible to the user,
this standard shall not be construed as preventing the use of components whose dimensions are within
a normal manufacturing upper or Jower limit tolerance of the dimensions specified herein.

2. APPLICABLE DOCUMENTS

2.1 General The documents listed in this section are specified in sections 3, 4, and 5 of this
standard. This section does not include documents cited in other sections of this standard or
recommended for additional information or as examples. While every effort has been made to ensure
the completeness of this list, document users are cautioned that they must meet all specified
requirements documents cited in sections 3, 4, and 5 of this standard, whether or not they are listed.

2.2 Government documents.

2.2.1 Specifications, standards, and handbooks. The following specifications, standards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specified, the
issues of these documents are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DoDISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS
DEPARTMENT OF DEFENSE
MIL-M-18012 - Markings for Aircrew Station Displays, Design and
Configuration of
MIL-C-25050 - Colors, Aeronautical Lights and Lighting
Equipment, General Specification for
STANDARDS
FEDERAL
FED-STD-595 - Colors
DEPARTMENT OF DEFENSE
MII.-STD-280 - Definitions of 1tem Levels, Item Interchangeability,
Models, and other related Terms
MIL-STD-783 - Legends for Use in Aircrew Stations and on
Airborne Equipment
MIL-STD-1280 - Keyboard Arrangements
MIL-STD-1474 - Notse Limans

MIL-STD-1787 - Alrcraft Display Symbology
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HANDBOOKS
DEPARTMENT OF DEFENSE

MIL-HDBK-454
DOD-HDBK-743
MIL-HDBK-759
MIL-HDBK-1473
MIL-HDBK-1908

General Guidelines for Electronic Equipment
Anthropometry of US Military Personnel

Human Factors Engineering Design for Army Materiel
Standard General Requirements for Color and Marking
Definitions of Human Factors Terms

(Unless otherwise indicated, copies of federal and military specifications, standards, and
handbooks are available from the Standardization Documents Order desk, 700 Robbins Avenue, Bldg
4D, Philadelphia, PA 19111-5094.)

2.2.2 Other Government documents, drawings, and publications. The following other
Government documents, drawings, and publications form a part of this document to the extent
specified herein. Unless otherwise specified, the issues are those cited in the solicitation.

29 CFR 1910 - Occupational Safety and Health Standards

(Copies of specifications, standards, and other publications required by contractors in connection
with specific acquisition functions should be obtained from the contracting activity or as directed by the
contracting officer.)

2.3 Non-government publications. The following document(s) form a part of this document to
the extent specified herein. Unless otherwise specified, the issues of the document which are DoD
adopted are those listed in the issue of the DoDISS cited in the solicitation. Unless otherwise
specified, the issues of these documents not listed in the DoDISS are the issues of the documents cited
in the solicitation (see 6.2).

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)
ACGIHTLV -  Threshold Limit Values

(Application for copies should be addressed to the ACGIH, 1014 Broadway, Cincinnati, OH
45202.)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI S1.1 - Acoustical Terminology

ANSI S1.4 - Sound Level Meters, Specification for (DoD Adopied)

ANSI S1.6 - Preferred Frequencies and Band Numbers for Acousticai
Measurement (DoD Adopted)

ANSI S3.2 - Monosyllabic Word Intelligibility, Method for

Measurement of (DoD Adopted)

ANSI S3.5 - Articulation Index, Method for the Calculation of (DoD

Adopted)

(Apphicatnon tor copies should be addressed to the Amenican National Standards institute, inc..
1430 BRroadwav New York NY 10018 )
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTME 380 - Standard Practice for Use of the International System of
Units (SI) (The Modernized Metric System) (DoD Adopted)
ASTMF 1166 - Standard Practice for Human Engineering design Critena

for Marine systems equipment and facilities (DoD Adopted)

(Application for copies should be addressed to the American Society for Testing and Materials,
100 Barr Harbor Drive, West Conshohocken, PA 19428-2959))

HUMAN FACTORS AND ERGONOMICS SOCIETY (HFES)

ANSI/HFS 100 - American National Standard for Human Factors
Engineering of Visual Display Terminal Workstations
(DoD Adopted)

(Application for copies should be addressed to the Human Factors and Ergonomics Society,
Inc., P.O. Box 1369, Santa Monica, CA 90406.)

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

1SO 2631 - Guide to the Evaluation of Human Exposure to Whole
Body Vibration

(Application for copies should be addressed to the American National Standards Institute, Inc.,
1430 Broadway, New York, NY 10018.)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

SAE J925 - Minimum Access Dimensions for Construction and

Industrial Machinery (DoD Adopted)

(Application for copies should be addressed to the Society of Automotive Engineers, 400
Commonwealth Drive, Warrendale, PA 15096-0001.)

(Non-Government standards and other publications are normally available from the organizations
that prepare or distribute the documents. These documents also may be available in or through
libraries or other informational services.)

2.4 Order of precedence. In the event of a conflict between the text of this document and the
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

3. DEFINITIONS

Unless otherwise specified. terms are defined in accordance with MIL-HDBK-1908.
4. GENERAL REQUIREMENTS

4.1 Objectives. Military systems, equipment and facilities shall provide work environments
which fuster cffective procedures, work patterns, and personnel safety and health, and which minimize
factors which degrade human performance or increase error. Design induced requirements for
eperator workload, accuracy . time constraint, mental processing and commimiceation shall not exceed
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operator capabilities. Design shall also minimize personnel and training requirements within the limits
of time, cost, and performance trade-offs.

4.2 Standardization. Controls, displays, marking, coding, labeling, and arrangement schemes
(equipment and panel layout) shall be uniform for common functions of all equipment. Criterion for
selecting off-the-shelf commercial or Government equipment shall be the degree to which the
equipment conforms to this standard. Where off-the-shelf equipment requires modification in order to
interface with other equipment, the modification shall be designed to comply with the criteria herein.
Redesign of off-the-shelf equipment must have the approval of the procuring activity.

4.3 Function aliocation. Design shall reflect allocation of functions to personnel, equipment,
and personnel-equipment combinations to achieve:

a.
b.

C.

required sensitivity, precision, time, and safety,
required reliability of system performance,

minimum number and level of skills of personnel required to operate and maintain the
system, and

d. required performance in a cost-effective manner.

4.4 Human engineering design. Design shall reflect human engineering, life support, and
biomedical factors that affect human performance, including, when applicable:

a.

satisfactory atmospheric conditions including composition, pressure, temperature and
humidity, including safeguards against uncontrolled variability beyond acceptable limits;

range of acoustic noise, vibration, acceleration, shock, blast, and impact forces and
safeguards against uncontrolled variability beyond safe limits;

protection from thermal, toxicological, radiological, mechanical, electrical, electromagnetic,
pyrotechnic, visual, and other hazards;

adequate space for personnel, their equipment, and free volume for the movements and
activities they are required to perform during operation and maintenance tasks under both
normal and emergency conditions;

adequate physical, visual, auditory, and other communication links between personnel, and
between personnel and their equipment, under both normal and emergency conditions;

zﬁieli:nt errangement of opesation and maintenance workplaces, equipment, céntrols. and
isplays;

provisions for ensuring safe, efficient task performance under reduced and elevated
gravitational forces with safeguards against igjury, equipment damage and disorientation;

adequate natural or artificial illumination for the performance of operation, control, training,
and matntonsie,

safe and adequate passageways, hatches, ladders, starrways, piattorms, incitnes, and other
provisions for ingress. egress. and passage under normal, adverse, and emergency
conditions:
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j. provision of acceptable personnel accommodations including body support and restraint,
seating, rest, and sustenance, i.e., oxygen, food, water, and waste management.
k. provision of non-restrictive personal life support and protective equipment;

1. provisions for minimizing psychophysiological stress effects of mission duration and fatigue;

m. design features to assure rapidity, safety, ease and economy of operation and maintenance in
normal, adverse and emergency maintenance environments;

n. satisfactory remote handling provisions and tools;
o. adequate emergency systems for contingency management, escape, survival and rescue; and

p. compatibility of the design, location and layout of controls, displays, workspaces,
maintenance accesses, stowage provisions, passenger compartments, allocated tasks, and
control movements with the clothing and personal equipment to be worn by personnel
operating, riding in, or maintaining military systems or equipment.

4.5 Fail safe design. A fail safe design shall be provided in those areas where failure can cause
catastrophe through damage to equipment, injury to personnel, or inadvertent operation of critical
equipment.

4.6 Simplicity of design. The equipment shall represent the simplest design consistent with
functional requirements and expected service conditions. It shall be capable of being operated,
maintained, and repaired in its operational environment by personnel with a minimum of training.

4.7 Interaction. The design of the system shall reflect the interaction requirements of crew
served equipment.

4.8 Safety. Design shall reflect applicable system and personnel safety factors, including
inimizing potential human error in the operation and maintenance of the system, particularly under
the conditions of alert, battle stress, or other emergency or non-routine conditions.

4.9 Ruggedness. Systems and equipment shall be sufficiently rugged to withstand handling in
the field during operation, maintenance, supply, and transport within the environmental limits specified
for those conditions in the applicable hardware or system specification.

4.10 Design for NBC survivability. As applicable, equipment design shall be compatible with
NBC protection and shall permit performance of mission-essential operations, communications,
maintenance. resupply and decontamination tasks by suitably clothed, trained, and acclimatized
personnel for the survival periods and NBC environments required by the system. Equipment design
shall also facilitate NBC hardness surveillance and shall minimize susceptibility to reduction of
inherent NBC hardness as a result of operator- or maintainer-induced errors/damage, i.e.:

a. NBC hardness shall be easily verifiable by maintenance personnel before and after
maintenance actions (hardness surveillance).

b. NBC hardness shalf not be degraded when routine (scheduted) and corrective (unscheduled)
maintenance are perfarmed



Downloaded from http://www.everyspec.com

MIL-STD-1472E

c. Maintenance of the equipment's inherent NBC hardness shall not be dependent on
maintenance personnel expertise and critical alignments/maintenance actions.

4.11 Design for electromagnetic pulse (EMP) hardening. As applicable, equipment design shall
be compatible with EMP hardening requirements, including personal accommodations such as EMP-

hardened electrical power outlets and antenna lead-ins within EMP-hardened facilities or spaces.
Access shall be provided to EMP-hardened facilities or spaces without the need to open doors or
hatches which form part of an electromagnetic barrier protecting the space. Items such as surge
arrestors, terminal protection devices, and filters, which form part of an electromagnetic barrier for
protection against EMP effects, shall be accessible.
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5. DETAILED REQUIREMENTS

5.1 Control-display integration.
5.1.1 General criteria.

5.1.1.1 Relationship. The relationships of a control to its associated display and the display to
the control shall be immediately apparent and unambiguous to the operator. A control should be
located adjacent to (normally under or to the right of) its associated display and positioned so that
neither the control nor the hand normally used for setting the control will obscure the display.

5.1.1.2 Design Control-display relationships shall be apparent through proximity, similarity of
groupings, coding, framing, labeling, and similar techniques.

5.1.1.3 Complexity and precision. The complexity and precision required for control
manipulation and display monitoring shall be consistent with the precision required of the system.
Control-display complexity and precision shall not exceed the operator’s capability to discriminate
display detail or manipulate controls (in terms of manual dexterity, coordination or reaction time) under
the dynamic conditions and environment in which human performance is expected to occur.

5.1.1.4 Feedback Feedback of contro} response adequacy shall be provided quickly.
Feedback shall be intrinsic or extrinsic to indicate (without ambiguity, uncertainty, or error) to the
operator that the control is properly actuated, that the desired response is achieved, and when the
desired response is complete. Critical control functions, such as those entered by keyboard, shall
provide feedback to the operator prior to entry to ensure that the keyed entry is errorless and the one
that the operator desires to enter.

5.1.1.5 lllumination. Adjustable illumination shall be provided for visual displays (including
display, control, and panel labels and critical markings) that must be read under darkened conditions.

5.1.1.6 Simultaneous access. 1f more than one crew member must have simultaneous access to

a group of controls or displays to ensure proper functioning of a system or subsystem, the operator
assigned to control and monitor that function or group of related functions shall have physical and

visual access to all controls, displays, and communication capability necessary to adequately perform
assigned tasks.

5.1.2 Position relationships.

5.1.2.1 Functional grouping. Functionally related coatrols and displays shall be located close to
each other and arranged in functional groups, e.g., power, status, test.

5.1.2.1.1 Fungtional group arrangement.

5.1.2.1.1.1 Sequence Functional groups of controls and displays shall be located to provide
for left-to-right (preferred) or top-to-bottom order of use, or both.

5.1.2.1.1.2 Access Providing that the integrity of grouping by function and sequence is not
compromised, the more frequently used groups and the most important groups should be located in
areas of easiest access. Control-display groups required solely &Or maintenance purposes shall be
located in positions providing a lesser degree of access relative to operating groups.

5.1.2.1.1.3 Funcuonal group marking. Functional groups may be set apart by outlining with

contrasting lincs which completely encompass the groups. Where such coding is specified by the
procuring activity. and where prav panels are used. noncritical functional groups (i.c.. those not
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associated with emergency operations) shall be outlined with a 1.5 mm (1/16 in) black border (27038
of FED-STD-595), and those involving emergency or extremely critical operations shall be outlined
with a 5 mm (3/16 in) red border (21136 of FED-STD-595). As an alternate method, contrasting color
pads or patches may be used to designate both critical and noncritical functional areas, subject to prior
approval by the procuring activity. When red compartment lighting is used, an

orange-yellow (23538 of FED-STD-595) and black (27038 of FED-STD-595) striped border shall be
used to outline functional groups involving emergency or extremely critical operations. Control-
display areas in aircraft crew stations shall be delineated in accordance with MIL-M-18012.

5.1.2.1.1.4 Consistency. Location of recurring functional groups and individual items shall be
similar from panel to panel. Mirror image arrangements shall not be used.

5.1.2.2 Location and arrangement. If an operator must use many controls and displays, they
shall be located and arranged to aid in identifying the controls used with each display, the equipment
component affected by each control, and the equipment component described by each display.

5.1.2.3 Arrangement within groups. Controls and displays within functional groups shall be
located according to operational sequence or function, or both.

5.1.2.3.1 Left-to-right arrangement. If controls must be arranged in fewer rows than displays,
controls affecting the top row of displays shall be positioned at the left; controls affecting the second
row of displays shall be placed immediately to the right of these, etc.

5.1.2.3.2 Vertical and horizontal arrays. If a horizontal row of displays must be associated with
a vertical column of controls or vice versa, the left item in the horizontal array shall correspond to the
top item in the vertical array, etc. However, this type of arrangement should be avoided.

5.1.2.3.3 Simultaneous use. To maintain legibility and avoid parallax errors, a visual display
that must be monitored while a related control is manipulated shall be located so that the operator is not
required to observe the display from an extreme visual angle.

5.1.2.3.4 Multiple displays. If manipulating one control requires reading of several displays,
the control shall be placed as near as possible to the related displays and preferably beneath the middle

of the displays, but not so as to obscure displays when manipulating the control.

5.1.2.3.5 Combined control. Separate displays that are affected by a combined control (e.g.,
concentricity ian(i knobs) shall be arranged from lefi to right with the combined control underneath
the center of isplays, but not so as to obscure displays when manipulating the control.

5.1.2.3.6 Separate panels. When related controls and displays must be located on separats
pancls and both panels are mounted at approximately the same angle relative to the opetator, the control
positions on one panel shall correspond to the associated display positions on the other panel. The two
panels shail not be mounted facing each other.

5.1.2.3.7 Component groups. When a group of equipment components has the same function,
the related contro! and display positions shall be oriented to correspond to those of the controlled and
monitored components. ?izor example, the position of aircraft engine controls shall be oriented for an
operator facing the normal direction of vehicle movement.)

5.1.2.3.8 Emergency use. Emergency displays and controls shall be located where they can be
scen and reached without delay te.., Wakhiig: -within o 307 cone aboul e operalor s nonual line
of sight (see Figure 1), emergency control close to its related warning display, or use of the nearest
available hand in its nominal operating position).
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5.1.3 Movement relationships.

5.1.3.1 Lack of ambiguity. Display indicators shall clearly and unambiguously direct and guide
the appropriate control response. The response of a display to control movements shall be consistent,
predictable, and compatible with the operator's expectations.

5.1.3.2 Timelag. The time lag between system response to a control input and display
presentation of that response shall be minimized, consistent with safe and effective system operation.

5.1.3.3 Moving-pointer circular scales. Clockwise movement of a rotary control or forward,
upward or rightward movement of a linear contro! shall produce a clockwise movement of circular
scale pointers and an increase in the magnitude of the setting.

5.1.3.4 Moving-pointer linear scales. Clockwise movement of a rotary control or forward,
upward, or rightward movement of a linear controi shall produce a movement up or to the right for
horizontal and vertical scale pointers and an increase in the magnitude of the reading.

5.1.3.5 Fixed-pointer circular scale. Displays with moving scales and fixed pointers or cursors
should be avoided. When circular, fixed-pointer, moving-scale indicators are necessary, clockwise
movement of a rotary control or forward, upward, or rightward movement of a linear control shall
norg}ally produce a counterclockwise movement of the scale and an increase in the magnitude of the
reading.

5.1.3.6 Fixed pointer linear scale. When use of vertical or horizontal fixed-pointer, moving-
scale indicators 1s necessary, clockwise movement of an associated rotary control or forward, upward,
or rightward movement of a linear control shall normally produce a movement of the scale down or to
the left and an increase in the magnitude of the reading.

5.1.3.7 Direct linkage. When a contro! and display are directly linked (¢.g., radio frequency
selector and station pointer), a rotary control shall be used if the indicator moves through an arc of
more than 180°. If the indicator moves through an arc of less than 180°, a linear control may be used,
provided the path of control movement parallels the average path of the indicator movement and the
indicator and control move in the same relative direction.

5.1.3.8 Common plane. Direction of control movements shall be consistent with related
movements of associated displays, equipment components, or vehicles.

5.1.3.9 Parallel movement. Direction-of-movement relationships shall be adhered to when
controi and dispiey are paralel in line of movement.

5.1.3.10 Labeling When control-display relationships specified herein cannot be adhered to,
controls shall be clearly labeled (see para 5.5) to indicate the direction of control movement required.

5.1.3.11 Movement direction. When a rotary contro! 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.

5.1.4 Control/displav movement ratio.

5.1.4.1 Minimization of time. Control/display ratios for continuous adjustment controts shall
mnimize the tme required W ek Jeslied control movements (stewing and fine adjusting), consistent
with display size, tolerance requirements, viewing distance, and time delays.

1V
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5.1.4.2 Range of display movement. When a wide range of display element movement is
required, small movement of the control shall yield a large movement of the display element. When a
small range of display movement is required, a large movement of the control shall result in small
movement of the display, consistent with final accuracy required.

5.1.4.3 Knob, coarse setting. When a knob is provided for making coarse dispiay element
settings on linear scales— 0.4 to 2.5 mm (0.016 to 0.100 in) tolerance—approximately 150 mm (6 in)
display element movement shall be provided for one complete turn of the knob.

5.1.4.4 Knob, fine setting. For fine setting on linear scales—0.2 to 0.4 mm (0.008 to 0.016 in)
tolerance—25 to 50 mm (1 to 2 in) of display element movement shall be provided for one complete
turn of the knob.

5.1.4.5 Bracketing. When bracketing is used to locate a maximum or minimum rather than a
specific value (e.g., tuning a transmitter), the control knob shall swing through an arc of not less than
10° nor more than 30° on either side of the target value in order to make the peak or dip associated with
that value clearly noticeabie.

5.1.4.6 Lever, coarse setting. When a lever is provided for coarse settings—0.4 to 2.5 mm
(0.016 to 0.100 in) tolerance—one unit of display element movement shall be induced by three units of
lever movement.

5.1.4.7 Lever, two-dimensional setting. When a lever is provided to make settings in two
dimensions to coarse tolerances—2.5 mm (0.1 in)}—one unit of display element movement shall be
induced by two and one-half units of lever movement.

5.1.4.8 Counter control/display ratio. One revolution of a counter knob should produce
approximately 50 counts (i.e., the right hand drum rotates five times).

5.1.4.9 Visual Display Terminals (VDTs). See 5.16.
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5.2 Visual displays.

5.2.1 General Visual displays should be used to provide the operator with a clear indication of
equipment or system conditions for operation under any eventuality commensurate with the operational
and maintenance philosophy of the system under design.

5.2.1.1 Alerting/warning. An alerting/warning display shall provide the operator with a greater
probability of detecting the triggering condition than normal observation would provide in the absence
of the display.

5.2.1.2 Display illumination and light distribution.

§.2.1.2.1 Display illumination.

5.2.1.2.1.1 Normai. When maximum dark adaptation is not required, low brightness white
light (preferably integral and adjustable as appropriate) shall be used; however, when maximum dark

adaptation is required, low luminance {0.07 - 0.35 cd/m2 (0.02 - 0.10 fL)] red light (greater than 620
nm) shall be provided.

5.2.1.2.1.2 Night vision device compatibility. Where night vision device compatibility is
required, display illumination color other than red may be used. The lighting shall be continuously
variable to the full OFF position. In the OFF position, no current shall flow through the lamps.

5.2.1.2.1.3 Field use panel dimming. When control or annunciator panels will be viewed out of
doors at night, maximum pane! ithurmination shall be provided when a dimming rotary control is at its
extreme clockwise rotation. Maximum illumination is that required by Tables XXI and XXI1, as
applicable. No panel lighting current shall flow when the dimming control is at its extreme counter-
clockwise rotation. Panel light levels shall be continuousty variable from 0.1 cd/m? (0.03 fL) near
OFF 10 3.5 cd/m2 (1 fL) at 50% of clockwise rotation.

5.2.1.2.2 Light distribytiop. Where multiple displays are grouped together, lighting shall be
balanced across the instrument 1 such that the mean indicator luminances of any two instruments

shall not differ by more than 33% across the range of full ON to full OFF. To ensure that light
distribution within an integrally illuminated instrument is sufficiently uniform, the ratio of the standard
deviation of indicator element luminances to mean indicator luminance shall be not more than 0.25,
using eight or more equally spaced test measurements.

5.2.1.2.3 Coatrast Sufficient contrast shall be provided between all displayed information and
the display background to ensure that the required information can be perceived by the operator under
all expected lighting conditions.

5.2.1.3 Information.

5.2.1.3.1 Content Information displayed to an operator shall be sufficient to allow the operator
to perform the intended mission. but shall be limited to information necessary to perform specific
actions or to make decisions.

57117 Precision Information shall be displaved onlv within the limits and precision
required for specific operator actions or decisions.

$.2.1.3.3 Format Information shall be presented to the operator in a directly nsable form
B yui s joi laksprus g, solipaliii, ddrpolating. oo maontally sanilaung e shar unt
he svinded  bor computer displav formats, see S 1S

12

o<
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5.2.1.3.4 Redundancy. Redundant information shall not be displayed to a single operator
unless it is required to achieve specified reliability.

5.2.1.3.5 Combining operator/maintainer information. Operator and maintainer information
shall not be combined in a single display unless the information content, format, and timeliness
support the needs of both users.

5.2.1.3.6 Display failure clarity. Failure of a display or other parts of the display subsystem
shall be immediately apparent to the operator.

5.2.1.3.7 Display subsystem failure. Failure of the display subsystem shall not cause a failure
in the equipment associated with the display.

5.2.1.3.8 Unrelated markings. Trademarks and company names or other similar markings not
related to the panel function shall not be displayed on the panel face.

5.2.1.3.9 Duration. Signals and information shall be displayed long enough for reliable
detection under expected operator workload and operational environment.

5.2.1.3.10 Timeliness. Displays requiring refreshed information (e.g., cathode ray tube
displays, head-up displays) shall be updated in a synchronous manner, where possible, and be
refreshed at a rate required by personnel in the normal operating or servicing mode.

5.2.1.3.11 Advisory and alerting. Devices displaying simultaneous and integrated information
(e.g., multifunction displays, cathode ray tube displays, head-up displays, collimated displays) shall
alert or cue operating personnel to information that becomes critical within the display.

5.2.1.3.12 NBC contamination. As applicable, display charactenistics (e.g., legibility) shall be
compatible with viewing while wearing an NBC protective mask. Displays or indicators that show the
presence of NBC agents shall also show when such agent concentrations decrease to safe levels.

5.2.1.3.13 Numeric digital digplays. Numeric digital displays should be used when precision
of displayed information is important, but shall not be used as the only display of information when
the pattern of variation is important for accurate perception or when rapid or slow digital display rates
inhibit accurate perception.

5.2.1.4 Location and arrangement.

5.2.1.4.1 Locatign Displays shall be located and designed so that they may be read to the
required degree of accuracy by personnel in their normal operating or servicing positions without need
to assume uncomfortable, awkward, or unsafe postures.

5.2.1.4.2 Access Visual displays should be visually accessible without resorting to use of
ladders, flashlights, or other special equipment in order to read the display.

5.2.1.4.3 Ormentation. Display faces shall be perpendicular to the operator's normal line of sight
whenever feasible and shalt be not less than 45° from the normal line of sight (see Figure 1). Paraliax
shall be minimized.

5.2.1.4.4 Reflection. Displays shall be constructed, arranged, and mounted to prevent
iaductivi of fonation dasfu Jue W scllection of the wabicat illumination Tom the display
cover. Reflection of instruments and consoles in windshields and other enclosures shall be avoided.
Hnecessany | wehnigues (such as use of shiclds and filters) shall be employed to ensure that sy stem
performance will not be degraded
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FIGURE 1. Lines of sight

5.2.1.4.5 Vibration. Vibration of visual displays shall not degrade user performance below the
level required for mission accomplishment (see 5.8.4.2).

5.2.1.4.6 Grouping. All displays necessary to support an operator activity or sequence of
activities, shall be grouped together.

5.2.1.4.7 Function and sequence. Displays shall be arranged in relation to one another
according to their seﬂ nence of use or the functional relations of the components they represent.
Whenever possible, displays shall be arranged in sequence within functional groups to provide a
viewing flow from left-to-right or top-to-bottom.

5.2.1.4.8 Frequency of use. Displays used most frequently should be grouped together and
placed in the optimum visual zone (see Figure 2).

5.2.1.49 Importance. Important or critical displays shall be located in a privileged position in
the optimum projected visual zone or otherwise highlighted.

5.2.1.4.10 Consistency. The arrangement of displays within a system shall be consistent in
principle from application to application, within the limits specified herein.

5.2.1.4.11 Maximum viewing distance. The viewing distance from the eye reference point of
the seated operator to displays located close to their associated controls shall not exceed 64 cm
(25 in). (See Table I.) Otherwise, there is no maximum limit other than that imposed by legibility
limitations, which shall be compensated for by proper design. NOTE: A viewing distance of up to
76 cm (30 in) may be used with ejection seats.

5.2.1.4.12 Minimum viewing distance. The effective viewing distance to displays, with the
exception of cathode ray wbe displays (see 5.2.4.2) and collimated displays, shall be not less than
330 mm (13 in) and preferablv not less than 10 mm (20 in)
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5.2.1.4.13 Aircrew station signals. Important or frequently used pilot or co-pilot station
displays shall be placed in the prime visual signal area (PVSA) (see MIL-HDBK-1908) or otherwise
highlighted. If 2 large number of important and frequently used displays exists, important displays
shall be the higher priority for placement in the PVSA. Criteria appearing elsewhere in this section do
not apply to pilot and co-pilot stations (see 5.14.2.1); however, human engineering design for other
members of the crew who occupy positions in the air vehicle other than on the flight deck (such as in
multi-engined specialized aircraft) shall be in accordance with the criteria herein.

5.2.1.5 Coding.

5.2.1.5.1 Objectives. Coding shall be used to facilitate discriminating between individual
displays, identifying functionally related displays, recognizing the relationship between displays, and
identifying critical information within a display, and to preserve conventional practices and
arrangements for warning and alerting systems.

5.2.1.5.2 Techniques. Displays shall be coded by color, size, location, shape, or flash, as
applicable.

5.2.1.5.3 Standardization. All coding within the system shall be uniform and shall be
established by agreement with the procuring acuvity.

5.2.1.5.4 Aircrew Display Symbology. Symbology for Aircrew displays shall be in accordance
with MIL-STD-1787.

5.2.2 Transilluminated displays.

5.2.2.1 General General types of transilluminated displays that may be used include:

a. single- and muitiple-legend lights that present information as words, numbers, symbols, and
abbreviations,

b. simple indicator lights, and

c. transilluminated panel assemblies that present qualitative status or system readiness
information.

5.2.2.1.1 Use. Transilluminated displays should be used to provide qualitative information to
the operator requiring either an immediate reaction by the operator, or to draw attention to an important
system status. Such displays may also be used occasionally for maintenance and adjustment
functions.

5.2.2.1.2 Equipment response. Lights, including those used in illuminated push buttons, shall
display equipment response and not merely control position.

5.2.2.1.3 Information. Lights and reiated mdicators shaii be used sparingly and shall display
only that information necessary for effective system operation.

5.2.2.1.4 Positive feedback. Changes in display status shall signify changes in functional status
rather than resuits of conroi actuation alone. The absence or 1088 of & sigaal of visual iadication shall
not be used to denote a “malfunction,” “no-go,” or “out-of-tolerance” condition; however, the absence
of a “power on" signal or visual indication may be used to indicate a “power off” conditton for
operational displays, but not for maintenance displays. the absence or foss ot a signal or visual
indication chall ot be used to indicate a “ready™ or "in tolerance” condition uniess the statns or
caution light filament and its associated circuitry can be easily tested by the operator and operator
l»-;.w_xrt;. o Gpeh events il nat time critical

lo
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5.2.2.1.5 Grouping. Master caution, master warning, master advisory and summation lights
used to indicate the condition of an entire subsystem shall be set apart from the lights which show the
status of the subsystem components, except as required by 5.2.2.1.8.

5.2.2.1.6 Location. When a transilluminated indicator is associated with a control, the indicator
light shall be located so that it can be associated with the control without error and shall be visible to
the operator during control operation.

5.2.2.1.7 Location, critical functions. For critical functions, indicators shall be located within
15° of the operator's normal line of sight (see Figure 2). Warning lights shall be an integral part of, or
located adjacent to, the lever, switch, or other control by which the operator is to take action.

5.2.2.1.8 Maintenance displays. Indicator lights used solely for maintenance and adjustment
shall be covered or non-visible during normal equipment operation, but shall be readily accessible
when required.

5.2.2.1.9 Luminance. The luminance of transilluminated displays shall be compatible with the
expected ambient illuminance, and shall be not less than 10% greater than the surrounding luminance.
Where glare must be reduced, the luminance of transilluminated displays should be not more than
300% of the surrounding luminance.

5.2.2.1.10 Luminance control. When displays will be used under varied ambient illuminance, a
dimming control shail be provided. The range of the control shall permit the displays to be legible
under all expected ambient illuminance. The control shall be capable of providing muitiple step or
continuously variable illumination. Dimming to full OFF may be provided in non-critical operations,
but shall not be used if inadvertent failure to turn on an indicator could lead to critical operator failures,
1.e., failure to detect or perform a critical step in an operation.

5.2.2.1.11 False 'gt_iicaﬁdn or obscuration. Direct or reflected light shall not make indicators
appear illuminated when they are not, or appear extinguished when they are illuminated. Self-reflection
shall be minimized by proper orientation of the display with respect to the observer.

5.2.2.1.12 Coptrast within the indicator. The luminance contrast (See MIL-HDBK-1908)
within the indicator shall be not less than 2.0. This requirement does not apply to special displays
specifically designed for legibility in sunlight. For low ambient illumination applications, this ratio
should be not less than 9.0, with the background luminance less than the figure luminance.

5.2.2.1.13 Lamp redundancy. Incandescent light sources shall use dual lamps or lamps with
two filaments. When one fitament or bulb fails, the intensity of the light shail decrease sufficiently to
indicate the need for lamp replacement, but not so much as to degrade operator performance.

5.2.2.1.14 Lamp testing. When indicator lights using incandescent bulbs are instalied on a
control panel, a master light test control shall be incorporated. When appropriate, the capability to
simultancously test all control panels may be provided. Panels containing three or fewer lights may
incorporate individual press-to-test bulb testing. The total indicator circuit should be capable of being
lesled. 1f dark adaplation is a factor, a means for reducing total indicatar light brightness during test
operation shall be provided.

5.2.2.1.15 Lamp removel, method. Where possible, tumps shall be removable and replacesblc
trom the front of the display panel. The procedure for lamp removal and replacement shall not require
the use of tools and shall be easily and rapidly accomplished.

5.2.2.1.16 Lamp removal, safety. Display circuit design shall permit lamp removal and
replacement while power is applied without causing failure of indicator circuit components or

|7
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imposing personnel safety hazards.

5.2.2.1.17 Indicator covers. If the design of legend screen or indicator covers does not prevent
inadvertent interchange, a means shall be provided for checking the covers after installation to ensure
they are properly installed.

5.2.2.1.18 Color coding. With the exception of aircrew station and training equipment
applications, transilluminated displays shall conform to the following color coding scheme, in
accordance with Type I - Aviation colors of MIL-C-25050. Light transmitted by the color filters
should be visible through laser protective (or other) eyewear required to be worn by the user.

a. FLASHING RED shall be used only to denote emergency conditions which require operator
action to be taken without delay, or to avert impending personnel injury, equipment damage, or both.

b. RED shall be used to alert an operator that the system or any portion of the system is
inoperative, or that a successful mission is not possible until appropriate corrective or override action is
taken, e.g., “no-go,” “error,” “failure,” “malfunction.”

c. YELLOW shall be used to advise an operator that a condition exists which is marginal.
YELLOW shall also be used to alert the operator to situations where caution, recheck, or unexpected
delay is necessary.

d. GREEN shall be used to indicate that the monitored equipment is in tolerance or a condition 1s

satisfactory and that it is all right to proceed (e.g., "in-tolerance”, "ready"”, "function activated").

e. WHITE shall be used to indicate system conditions that do not have “right" or "wrong"
implications, such as alternative functions (e.g., Missile No. 1 selected for launch) or transitory
conditions (e.g., action or test in progress, function available), provided such indication does not
imply success or failure of operations.

f. BLUE may be used for an advisory light, but preferential use of BLUE should be avoided.

5.2.2.1.19 Flashing lights. The use of flashing lights shall be minimized. Flashing lights
should be used only when it is necessary to call the operator's attention to some condition requiring
immediate action. The flash rate shall be within 3 to 5 flashes per second with approximately equal
amounts of ON and OFF time. Flashing lights which could be simultaneously active should have
synchronized flashes. If the display is energized and the flasher device fails, the light shall illuminate
and bumn steadily (see 5.3.2.4).

5.2.2.2 Legend lights.

5.2.2.2.1 Use. Legend lights shall be used in prcfcrénoc to simple indicator fights except where
design considerations demand that simple indicators be used.

5.2.2.2.2 Color coding. Legend lights shall be color coded in conformance with 5.2.2.1.18.
Legend lights required (o denote personnel or equipment disaster (FLASHING RED), caution or
impending danger (YELLLOW), or master summation no-go (RED) or go (GREEN) shall be
discriminably larger, and preferably brighter. than all other legend lights.

5272723 Positive vs negative legend  When the operator's dark adaptation must be maintained.
or where legibility in high ambient illumination 1s critical, illuminated label/opaque background format
<halthe nsed and illaminated background/opague tabel farmat shall be used only for cnitical alertine
indicators (e.g.. master warning lights). Where operator dark adaptation is not required, iltuminated
background/opague Label format should be ased. contiast reversal miny be emploved under these

I
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conditions to designate displays which have physical appearance similar to legend switches on the
same panel.
5.2.2.2.4 Lettening. The size and other characteristics of lettering shall conform to 5.5 herein.
5.2.2.2.5 Visibility and legibility. In other than aircrew stations, and with the exception of

warning and caution indicators, the lettering on single-legend indicators shall be visible and legible
whether or not the indicator is energized.

5.2.2.2.6 Multi-function legends. Indicators designed to provide alternately-presented legends
shall present only one legend at a time, i.e., only the legend in use shall be visible. Indicators using
“stacked" legends shall conform to the following:

When the rear legend is energized, it shall not be obscured by the front legend.

. Parallax shall be minimized.

Front and rear legends shall have approximately equal brightness

Front and rear legends shall have approximately equal legend/background contrast.

aooe

5.2.2.3 Simple indicator lights.

5.2.2.3.1 Use. Simple indicator lights should be used when design considerations preclude the
use of legend lights.

5.2.2.3.2 Spacing. The spacing between adjacent edges of simple round indicator light fixtures
shall be sufficient to permit unambiguous labeling, signal interpretation, and convenient bulb removal.

5.2.2.3.3 Coding. Simple indicator lights shall be coded in conformance with Table II;

however, the different sizes shown are intended only for the attention-getting value that larger lights of
at least equal luminance provide in relation to indicator lights of lesser importance.

TABLE II. Coding of simple indicator lights

COLOR
SIZE/TYPE RED YELLOW GREEN WHITE
225 mm (1 in) Emergency condi-
FLASHING tion (impending
(3 to 5 sec) personnel or equip-

ment disaster).

225 mm (1 in) Master summation | Extreme caution | Master

STEADY (system or (impending summation
subsystemn) danger) (system or
subsystem)
<13 mm (172 in) Malfunction: Delay: check: Go ahead: | Functional or
STEADY action stopped; recheck. in tolerance: | physical position;
1atiure, stop acuon. avceplable, | action we progiess

ready.
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5.2.2.4 Transilluminated panel assemblies.

5.2.2.4.1 Use. Transilluminated (integrally lighted) panel assemblies may be used to provide:
a. illuminated labels for a control panel,
b. a light source for illuminating transilluminated control knobs,

c. illuminated association markings on a control panel (e.g., connecting lines between controls,
outlines around a functionally-related group of controls or displays), or

d. a pictorialized representation of a system process, communication network, or other
information/component organization. ’

5.2.2.4.2 Large, singie pictorial graphic panels. Large, single pictonal graphic panels, used to
display system processing, communications networks, or similar applications, shall comply with
requirements for visibility, legibility, cclor, and illumination as specified herein.

5.2.2.4.3 Re-lamping. When replaceable incandescent lamps are used for integral lighting, they
shall be readily accessible without disconnecting the panel(s). 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.

5.2.2.4.4 Brightness. Brightness of illuminated markings and transilluminated controls shall be
compatible with the ambient environment and operating conditions (e.g., dark adaptation
requirements). Brightness control (dimming) by the operator shall be provided where applicable to
maintain appropriate visibility and operator dark adaptation level.

5.2.3 Scale indicators.

5.2.3.1 General
5.2.3.1.1 Types of scale indicators. The types of scale indicators that may be used include:

a. Moving-pointer, fixed-scale, circular, curved (arc), horizontal straight, and vertical straight.
b. Fixed-pointer, moving-scale, circular, curved (arc), horizontal straight, and vertical straight.

5.2.3.1.2 Use. The use of scale indicators should conform to the criteria in Table Il and this
section. Moving-pointer, fixed-scale indicators are preferred to fixed-pointer, moving-scale indicators.
The latter should be used caly when necessitated by operational requirements or other conditions, and

when approved by the procurnng activity.

5.2.3.1.3 Type of information. Scale indicators should be used to display quantitative
information combined with qualitative information (such as trend and direction-of-motion) and where
only quantitative information is to be dispiayed and there is no requirement (such as speed and
accuracy of response) whioh dernands the use ol prialess i counters.

5.2.3.1.4 Linear scales. Except where system requirements dictate nonlinearity (0 satisly
operator information requirements, hinear scaies shall be used 1 preferonce 0 nonlisedi seales.

5.2.3.1.5 Scale markings.

5.2.3.1.5.1 Graduations. Scale graduations shall progress by 1, 2, or § units or decimal
muluples thereof.

20
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5.2.3.1.5.2 Intermediate marks. The number of minor or intermediate marks between
numbered scale pointers shall not exceed nine.
5.2.3.1.6 Numerals.

5.2.3.1.6.1 Major marks. Except for measurements that are normally expressed in decimals,
whole numbers shall be used for major graduation marks.

5.2.3.1.6.2 Starting point. Display scale shall start at zero, except where this would be
inappropriate for the function involved.

5.2.3.1.7 Pointers.

5.2.3.1.7.1 Length The control or display pointer shouid extend to, but not overlap, the
shortest scale graduation marks.

5.2.3.1.7.2 Tip configuration. The pointer tip should be tapered at a 20° angle (40° included
angle), terminating in a flat tip equal in width to the minor scale graduations.

5.2.3.1.7.3 Mounting. The pointer shall be mounted as close as possible to the face of the dial
1o minimize parallax.

5.2.3.1.7.4 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.

5.2.3.1.8 Luminance contrast. A luminance contrast (see MIL-HDBK-1908) not less than 3.0
shall be provided between the scale face and the markings and pointer.

5.2.3.1.9 Calibration information. Provision shall be made for placing calibration information
on instruments without degrading dial legibility.

5.2.3.1.10 Coding.

5.2.3.1.10.1 Use. Coding on the face of scale indicators may be used to convey such
information as desirable operating range, inefficient operation, caution, and dangerous level.

5.2.3.1.10.2 Pattern- or color-coding. Operating conditions that always fall within a given
range on the scale shall be made readily identifiable by applying pattern- or color-coding to that range.

5.2.3.1.10.3 Choice of colors. Red, yeliow, and green may be applied, provided they conform
to the meanings specified in 5.2.2.1.18 and are distinguishable under all expected lighting conditions.

5.2.3.1.10.4 Pattern coding. Zone scales may be shape coded when the indicator must be
viewed in blackout conditions or where the illuminant color will cause difficulty in color band
discnmination.

5.2.3.2 Moving-pointer, fixed-scale displays.

S 27721 Numerncal progression The increase of numerical progression shall read rinckwice
from left to right. or from the bottom up. depending on display design and orientation.
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5.2.3.1.5.2 Intermediate marks. The number of minor or intermediate marks between
numbered scale pointers shall not exceed nine. :

5.2.3.1.6 Numerals.

5.2.3.1.6.1 Major marks. Except for measurements that are normally expressed in decimals,
whole numbers shall be used for major graduation marks.

5.2.3.1.6.2 Starting point. Display scale shall start at zero, except where this would be
inappropriate for the function involved.

5.2.3.1.7 Pointers.

5.2.3.1.7.1 Length The control or display pointer should extend to, but not overlap, the
shortest scale graduation marks.

5.2.3.1.7.2 Tip configuration. The pointer tip should be tapered at a 20° angle (40° included
angle), terminating in a flat tip equal in width to the minor scale graduations.

5.2.3.1.7.3 Mounting. The pointer shall be mounted as close as possible to the face of the dial
to minimize parallax.

5.2.3.1.7.4 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.

5.2.3.1.8 Luminance contrast. A luminance contrast (see MIL-HDBK-1908) not less than 3.0
shall be provided between the scale face and the markings and pointer.

5.2.3.1.9 Calibration information. Provision shall be made for placing calibration information
on instruments without degrading dial legibility.

5.2.3.1.10 Coding.

5.2.3.1.10.1 Use. Coding on the face of scale indicators may be used to convey such
information as desirable operating range, inefficient operation, caution, and dangerous level.

5.2.3.1.10.2 Pattern- or color-coding. Operating conditions that always fall within a given
range on the scale shall be made readily identifiable by applying pattern- or color-coding to that range.

5.2.3.1.10.3 Choice of colors. Red, yellow, and green may be applied, provided they conform
to the meanings specified in 5.2.2.1.18 and are distinguishable under all expected lighting conditions.

5.2.3.1.10.4 Pattern coding. Zone scales may be shape coded when the indicator must be
viewed in blackout conditions or where the illuminant color will cause difficulty 1n color band
discrimination.

5.2.3.2 Moving-pointer, fixed-scale displays.

<2721 Numerical progression The increase of numerical progression shall read clockwise
from left 10 right. or from the bottom up. depending on display design and orientation.
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5.2.3.2.2 Odentation. Numbers shall be oriented in the uprigiit position.

5.2.3.2.3 Circular scales.

5.2.3.2.3.1 Scale reading and pointer movement. The magnitude of the scale reading shall
increase with clockwise movement of the pointer.

5.2.3.2.3.2 Zero position and direction of movement. When positive and negative values are
displayed around a zero or a null position, the zero or null point shall be located at either the 12 or
9 o'clock position. The magnitude of positive values shall increase with clockwise movement of the
pointer; the magnitude of negative values shall increase with counterclockwise movement.

5.2.3.2.3.3 Scale break. There shall be an obvious break of at least 10° of arc between the two
ends of the scale, except on multirevolution instruments such as clocks.

5.2.3.2.3.4 Number of pointers. Whenever precise readings are required not more than two
coaxial pointers shall be mounted on one indicator face.

5.2.3.2.3.5 Pointer alignment. When a common, stable value exists for given operating
conditions in a group of 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 in the 12 o'clock position under normal operating conditions. If a matrix
of indicators is needed, preference shall be given to the 9 o'clock position.

5.2.3.2.3.6 Relative positiop of scale marks and numbers. When reading time and accuracy are
critical, scale markings and location of associated numbers shall be arranged to prevent pointers from
covering any portion of the scale marks or numerals, and scale marks shall be on or close to the plane
of the pointer tip to avoid visual parallax. If readout accuracy is not critical (i.c., gross rejationship
between the pointer and number is all that is required), an arrangement of numerals inside the scale
annulus may be used. (See Figure 3).

5.2.3.2.4 Curved (arc), horizontal straight, and vertical straight scales.

5.2.3.2.4.1 Scale reading and pointer movement. The magnitude of the scale reading shall
increase with movement of the pointer up or to the right.

5.2.3.2.4.2 Zero position and direction of movements. When positive and negative values are
displayed around a zero point, the magnitude of positive values shall increase with movement of the
pointer up or to the right, and the magnitude of negative values shall increase with movement of the
pointer down or to the left.

5.2.3.2.4.3 Placement of pointers. Pointers shall be located to the right of vertical scales and at
the bottom of horizontal scales.

5.2.3.2.4.4 Placement of numerals. Numerals shall be placed on the side of the graduation
marks away from the pointer to avoid having numbers covered by the pointer. If space is limited (for
curved or arc scales) numerals may be placed inside of graduation marks to avoid undue constriction of
the scale.

5.2.3.2.4.5 Pointer alignment. When a common, stable value exists for given operating
conditions 1n a group ot indicators, they shali be arranged either 1n rows so that aif pomters line up
horizontallv (for vertical scales) or in columns so that all pointers line up vertically (for horizontal
scales).
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5.2.3.3 Fixed-pointer, moving-scale displays.

5.2.3.3.1 Numerical progression. Numbers shall progress in magnitude in clockwise direction
around the faces of circular dials (counter-clockwise dial movement for numerical increase). On
vertical or horizontal straight scales, numbers shall increase from bottom to top or from left to right.

5.2.3.3.2 Orientation. Numerals shall be upright when in the reading position.

5.2.3.3.3 Alignment of pointer or fixed reference line. For circular scales, alignment of pointer
or fixed reference line shall be in the 12 o'clock position for right-left directional information and in the
9 o'clock position for up-down information. For purely quantitative information, either position may
be used.

5.2.3.3.4 Setting. If the display will be used for setting in a value (e.g., tuning in a desired
wavelength), 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.

5.2.3.3.5 Tracking. If the display will be used for tracking, as in the case of a directional
indicator, the whole face of the dial shall be exposed.

5.2.3.3.6 Moving tape displays. When the scale length required for acceptable readout accuracy
exceeds the limits of the display package capacity (i.e., compressing the scale marking would make the
display illegible or subject to readout error), moving tape scale format may be used.

5.2.3.3.7 Composite scalar/pictorial displays. Combinations of scales, pointers and
pictorialized symbols may be used to combine functionally-related information into a single instrument
or display (e.g., artificial horizon, command heading, true/relative bearing). Significant reference
features (e.g., aircraft or ship symbols, horizon, attitude or pitch scales) shall conform 10 the general
criteria herein for direction-of-motion, scale-potnter relationships, and legibility.

5.2.4 Cathode ray tube (CRT) displays. CRT displays shall conform to the provisions below;
however, where a CRT is part of a visual display terminal used for text processing, data entry, or data
inquiry applications in an office environment or equivalent, see 5.16.

5.2.4.1 Signal size. When a target of complex shape is to be distinguished from a nontarget
shape that is also complex, the target signal should subtend not less than 6 mrad (20 minutes) of visual
angle and should subtend not less than 10 lines of resolution elements. Image quality shall be
consistent with the operator's needs.

5.2.4.2 Viewing distance. A 400 mm (16 in) viewing distance shall be provided whenever
practicabie. When perieds of scope observation will be short, or when dim signals must be detected,
the viewing distance may be reduced to 250 mm (10 in). Design should permit the observer to view
the scope from as close as desired. Displays which must be placed at viewing distances greater than
400 mm (16 in) due to other considerations shall be appropriately modified in aspects such as display
size, symbol size, brightness ranges, line-pair spacing and resolution.

5.2.4.3 Screen luminance. The ambient illuminance shall not contribute more than 25% of
screen brightness through diffuse reflection and phosphor excitation. A control shall be provided 1o
vary the CR'l jumnance trom {09 ot mintmum ambtent luminance 10 full CRT lummance. A conttoi
chatt be provided to vary the luminous symbol/dark hackground or dark svmbol/luminous background
contrast ratio. Contrast adjustment shall not be included in flight deck displays because theyv are
divillowed by FAA regulation
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5.2.4.4 Faint signals. When the detection of faint signals is required and when the ambient
illuminance may be above 2.7 lux (0.25 ft-c), scopes shall be hooded, shielded, or recessed. (A
suitable filter system may be employed, subject to approval by the procuring activity.)

5.2.4.5 Luminance range of adjacent surfaces. The luminance range of surfaces immediately
adjacent to scopes shall be between 10% and 100% of screen background luminance. With the
exception of emergency indicators, no light source in the immediate surrounding area shall be of a
greater iuminance than the CRT signal.

5.2.4.6 Ambient illuminance. The ambient illuminance in the CRT area shall be appropriate for
other visual functions (e.g., setting controls, reading instruments) but shall not degrade the visibility of
signals on the CRT display. When a CRT display is used in variable ambient illuminance, controls
shall be provided to dim all light sources, including illuminated panels, indicators and switches in the
immediate surround. Automatic adjustment of CRT brightness may be used if the CRT brightness is
automatically adjusted as a function of ambient illuminance and the range of automatic adjustment is
adequate for the full range of ambient illuminance.

5.2.4.7 Reflected glare. Reflected glare shall be minimized by proper placement of the scope
relative to the light source or by use of a hood or shield, optical coatings on the CRT, or filter control
over the light source.

5.2.4.8 Adjacent surfaces. Surfaces adjacent to the scope shall have a matte finish.

5.2.4.9 Pictorial/graphic situation formats. Pictorial or situation data such as plan position
indicator data, shall be presented as luminous symbols on a dark background.

5.2.4.10 Font legibility. Where alphanumeric characters appear on CRT-like displays, the font
style shall allow discrimination of similar characters, ¢.g., letter /number 1, letter Z/number 2.

5.2.5 Large-screen displays.

5.2.5.1 Use. Large-screen displays may be used under the following conditions:

a. A group of operators frequently refers to the same information and is required to interact as a
team, based on the same information.

b. One or more members of a team of operators must move about, yet must frequently refer to
information required to make decisions—information they cannot carry with them or do not have

displayed at their assigned position(s).

c. Space or other constraints preclude the use of individual displays for each team member to call
up commoaly-used information.

d. It may be desirable to have general information available to persons who should not interrupt
on-going group operations by looking over the shoulder(s) of individual operator(s) to see their
individual displays.

5.2.5.2 Avoidance. Large-screen displays shall be used only when the spatial and
vhviionmental conditions allow satisfactory observational geometry to ensure that all critical operators
have visual access in terms of viewing distance, angle and lack of interference from intervening
objects, personnel or ambient highting. 1t the dispiey 13 optically projected, see 5.2.6.6.

5.2.5.3 Viewing distance. Lhe display shail not be placed fuither from an obscrver than will
provide appropriate resolution of eritical detait presented on the displav (see legihility requirements of

26
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5.5). The display shall not be closer (o any observer than 1/2 the display width or height, whichever is
greater.

5.2.5.4 Physical interruption of view. Large screen displays shall not be located with respect to
critical observers so that the view of the display is obscured regularly by persons moving in normal
traffic patterns.

5.2.5.5 Control of displayed information. Control of large-screen group display systems shall
ensure that critical information cannot be modified or deleted inadvertently or arbitrarily. Changes in
the group display shall be controlled by designated operators who operate according to pre-established
procedures, command of a person in charge, or both. When an individual must make changes that are
of interest only to him or her, a separate, remote display shall be provided.

5.2.5.6 Content of displayed information. The content of displayed information shall be evident
to a trained observer without requiring reference to display contro] settings.

5.2.6 Other displays.
5.2.6.1 General

5.2.6.1.1 Types. Where applicable, direct-reading counters, printers, plotters, flags, optical
projection, LED, gas discharge, liquid crystal and electroluminescent displays may be used.

5.2.6.1.2 Applications. The selection of the above types of displays for various applications
should be based on the following criteria as well as the criteria in Table III.

5.2.6.2 Counters.

5.2.6.2.1 Use. Counters should be used to present quantitative data when a continuous trend
indication is not required and when a quick, precise indication is required.

5.2.6.2.2 Mounting. Counters shall be mounted as close as possible to the panel surface to
minimize parallax and shadows and maximize the viewing angle.

5.2.6.2.3 Spacing between numerals. The horizontal separation between numerals shall be
between one-quarter and one-half the numeral width. Commas shall not be used.

5.2.6.2.4 Movement.
a. Snap action. Numbers shall change by snap action in preference to continuous movement.

b. Rate. Numbers shall follow each other not faster than 2 per second when the observer is
expected to read the numbers consecutively.

c. Direction. The rotation of the counter reset knob shall be clockwise to increase the counter
indication or to reset the counter.

d. Reset. Counters used to indicate the sequencing of equipment shall be designed 10 be resel
attomaucally upon complenon of the sequence. Provision shall also be made for manual iesetiing.
Where pushbuttons are used to manuallv reset mechanical counters. actuating force required shall be
not more than 16.7 N (60 oz).
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5.2.6.2.5 lllumination. Counters shall be self-illuminated when used in areas in which ambient

illumination will provide display luminance below 3.5 cd/m2 (1 fi-L).
5.2.6.2.6 Finish. The surface of the counter drums and surrounding areas shall have a matte
finish to minimize glare.

5.2.6.2.7 Contrast. Color of the numerals and background shall provide high contrast (black on
white or converse, as appropriate).

5.2.6.3 Printers.

5.2.6.3.1 Use. Printers should be used when a visual record of data is necessary or desirable.
Use of printers should conform to Table III.

5.2.6.3.2 Visibility. The printed matter shall not be hidden, masked or obscured in a manner
that impairs direct reading.

5.2.6.3.3 Conftrast A luminance contrast (see MIL-HDBK-1908) not less than 3.0 shall be
provided between the printed material and the background on which it is printed.

5.2.6.3.4 Illumination. The printer shall be provided with internal illumination if the printed
matter is not legible in the planned operational ambient illumination.

5.2.6.3.5 Take-up provision. A take-up device for printed material shall be provided.

5.2.6.3.6 Annotation. Where applicable, printers should be mounted so that the printed matter
(e.g., paper, metalized paper) may be easily annotated whiie still in the printer.

5.2.6.3.7 Legibility. The print output shall be free from character line misregistration, character
tilt or smear.

5.2.6.3.8 Printed tapes. The information on the tapes shall be printed so that it can be read as it
is received from the machine without requiring the cutting and pasting of tape sections.

5.2.6.3.9 Control, replenishment and service. Printers shall conform to the criteria of
5.2.6.4.8.

5.2.6.4 Plotters and recorders.

5.2.6.4.1 Use. Plotters and recorders may be used when a visual record of continuous graphic
data is necessary or desirable. :

5.2.6.4.2 Visihility. Critical graphics (points, curves and grids that must be observed when the
recording is being made) shall not be obscured by pen assembly, arm or other hardware elements.

5.2.6.4.3 Contrast A luminance contrast (see MIL-HDBK-1908) not less than 1.0 shall be
provided between the plotted function and the background on which it is drawn.

5.2.6.4.4 Take-up device. A take-up device for extruded plotting materials shall be provided
when necessary of desitable.

5.2.6.4.5 Job aids. Graphic overtays shouid be provided where these mey be critical o propel
interpretation of graphic data as it is being generated. Such aids shall not obscure or distort the data.
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5.2.6.4.6 Smudging/smearing. The plot should resist smudging or smearing under operational

use.

5.2.6.4.7 Annotation. Where applicable, plotters and recorders should be designed or mounted
so that the operator can write on or mark the paper while it is still in the plotier or recorder.

5.2.6.4.8 Control, replenishment and service. Plotters and recorders shall conform to criteria
herein with regard to:

a. controls and displays used to start, stop or adjust the machine and critical operating elements;
b. positive indication of the remaining supply of plotting materials (e.g., paper, ink, ibbon);

c. insertion, adjustment, and removal of paper, replenishment of ink supply, replacement of
pen, or other operator tasks, without requiring disassembly, special equipment or tools; and

d. minor servicing on site by a technician, ¢.g., adjustment of drive system, cleaning, or
replacement of operating items that ordinarily would not be available to an operator.

5.2.6.5 Flags.

5.2.6.5.1 Use. Flags should be used to display qualitative, non-emergency conditions. Use of
flags should conform to Table III.

5.2.6.5.2 Mounting. Flags shall be mounted as close to the surface of the panel as possible
without restricting their movement or obscuring necessary information.

5.2.6.5.3 Snap action. Flags shall operate by snap action.

5.2.6.5.4 Contrast A luminance contrast (see MIL-HDBK-1908) not less than 3.0 shall be
provided between flags and their backgrounds under all expected lighting conditions.

5.2.6.5.5 Malfunction indication. When flags are used to indicate the malfunction of a visual
display, the malfunction position of the flag shall obscure part of the malfunctioning display and shall
be readily apparent to the operator under all expected levels of illumination.

5.2.6.5.6 Legend When a legend is provided on the flag, the lettering shall appear upnght
when the flag assumes the active or no-go position.

5.2.6.5.7 Test provision A convenient means shall be provided to test the operation of flags.

5.2.6.6 Large screen optical projection displays.

5.2.6.6.1 Use. Providing ambient light can be properly controlled, optical projection displays
are suitable for applications requiring group presentation, pictorial and spatial information, past history
vs real-time presentation, synthetically generated pictures, simulation of the external world, and
superposition of data from more than one source. Rear projection shall be used where physical
obstructions to front projection impair viewing or where work areas require high ambient illumination
for other activilies.

5.2.6.6.2 Seating area. Viewng distance/image wrdth refatronstup and off-center viewing ol
aptical projection displays for group viewing should conform to the preferred limits of Table IV and
shall not exceed the acceptable imus indicated. For individual viewing {rom a fixed location, oti-
senterline viewing shall not exceed 10°
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TABLE IV. Group viewing of optical projection displays

PREFERRED j"EEEPrMAﬁLE'
{_ FACTOR OPTMUM | “"y1MrTs™ | LIMITS |

| — |

viewing distance ‘
4 3-6 | 2-8 ’

} Ratio of screen diagonal !
j Angle off centerline { o 20°

I ;
|
T
Image luminance (no film in operating projector) . 35 cq/m2* | 27-48 cd/m2* | 17-70 cd/me*
|
|

(10ft-L) = (8-14 ft-L) (5-20 ft-L)

! i

'Luminance variation across screen | ’ : |

(ratio of maximum to minimum luminance) 3 1 ! 1.5 3.0 :
Luminance variation as a function of viewing |

location (ratio of maximum to minimum luminance) | ] ;

Ratio of — 2>ont 18N i | | i

i t
: brightest part of image 0 0.002-001 | 0.1max*

** For still projections higher values may be used
** For presentations not involving gray scale or color (e.g., line drawings, tables) 0.2 may be used.

5.2.6.6.3 Image luminance and light distribution. Image luminance and light distribution should
conform to the preferred limits and shall not exceed the acceptable limits of Table IV. Screen
center luminance at maximum viewing angle shall be at least half its maximum luminance.

5.2.6.6.4 Legibility of projected data.

5.2.6.6.4.1 Style. A simple style of numerals and letters shall be used. Capital letters (rather
than lower case) shall be used, except for extended copy or lengthy messages. Stroke width shall be
1/6 to 1/8 of numeral or letter 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 width, numeral
width, character spacing, and word spacing shall conform to 5.5.5.5, 5.5.5.6, 5.5.5.10, and
5.5.5.11, respectively.

5.2.6.6.4.2 Size. The height of letters and numerals shall be not less than 3 mrad (10 minutes)
and should be not less than 4.5 mrad (15 minutes) of visual angle, as measured from the longest
anticipated viewing distance.

5.2.6.6.4.3 Contrast.

5.2.6.6.4.3.1 Luminance ratio. Under optimal ambient lighting conditions, the luminance ratio
vsee MIL-HDBK-1908) should be 500.1. The lununance ratio for viewing charts, printed text and
other line work via shides or opague projectors shall he not less than 5:1. For projections which are

A
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limited in shadows and detail, such as animation and photographs with limited lJuminance range, the
luminance ratio shall be not less than 25:1. For images which show a full range of colors (or grays in
black-and-white photographs), the luminance ratio shall be not less than 100:1.

5.2.6.6.4.3.2 Direction of contrast. Contrast may be either light on a dark background or vice-
versa, except where superposition is used. For subtractive superposition (at the source), data shall be
presented as dark markings on a transparent background. For additive superposition (at the screen),
data shall be presented as light markings on an opaque background. Colored markings against colored
backgrounds of comparable brightness shall be avoided.

5.2.6.6.4.4 Alignment. Misregistration of superimposed alphanumeric data or other symbols
shall be minimized.

5.2.6.6.5 Keystone effects. Projector-screen arrangement shall minimize keystone effects
(distortion of projected data proportions due to non-perpendicularity between projector and screen).

5.2.6.7 Light enuitting diodes (LEDs).
5.2.6.7.1 General Unless specified below, LEDs shall conform to 522.

5.2.6.7.2 Use. LEDs may 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 (enclosure, bright sunlight, low temperature).

5.2.6.7.3 Intensity control. The dimming of LEDs should be compatible with the dimming of
incandescent lamps.

5.2.6.7.4 Color coding With the exception of red alpha-numeric displays, LED color coding
shall conform to 5.2.2.1.18; however, red LEDs should not be located near red lights used as outlined
in 5.2.2.1.18.

5.2.6.7.5 Lamp testing. LED indicator lights with 100,000 hours or longer mean time between
failure (MTBF) shall not require the lamp test capability specified in 5.2.2.1.14.

5.2.6.8 Dot matrix/segmented displays.

5.2.6.8.1 General The following provisions apply to those displays (LED, CRT, gas
discharge, liquid crystal, and incandescent) used to present alphanumeric and symbolic information.

5.2.6.8.2 Use. Dot matrix, fourteen segment, and sixteen segment displays may be used for
applications mvolvmg interactive coOmputer Systems, instruments, avionics, aavigation, and
communication equipment, where the presentation of alphanumeric, vector-graphic, symbolic or real-
time information is required. Seven segment displays shall be used only for applications requiring
numeric information.

5.2.6.8.3 Symbol definition. Dot matrix characters shall contain not less than 5 by 7 dots, with
7 by 9 preferred. If system requirements call for symbol rotation, dot matrix characters shall contain
not less than 8 by 11 dots, with 15 by 21 preferred.

S.2.6 8.4 Alphanumeric character and svmbol sizes. Alphanumeric characters and svmbols
shall subtend not less than 4.7 mrad (16 min) of visual angle. Aircraft display characters and symbols
Tt mnst he read in light <hall subtend not less than 7 mrad (24 min) of visual ancle

5.2.6.8.5 Usc of upper case  Alphanumeric characters shall be upper case.

R
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5.2.6.8.6 Viewing angle. The optimum viewing angle is perpendicular to the display. Viewing
angle of matrix or segmented displays should be not more than 35° off axis.

5.2.6.8.7 Emitter color. Monochromatic displays shall use the following colors in order of
preference: green (555 nm), yellow (575 nm), orange (585 nm), and red (660 nm). Blue emitters
should be avoided. The selected color should be visible through laser protective (or other) eyewear
required to be worn by the user.

5.2.6.8.8 Intensity control. Where applicable, dimming controls shall be provided to maintain
appropriate legibility and operator dark adaptation level.

5.2.6.8.9 Display testing. See 5.2.6.7.5.

5.2.6.8.10 Location of red alphanumeric LEDs/segmented displays. Red LEDs/segmented
displays shall not be grouped with or located adjacent to red warning lights.

5.2.6.9 Electroluminescent displays.

5.2.6.9.1 Use. Electroluminescent (EL) displays may be used where system requirements
dictate the use of transilluminated displays. In addition, they may be used instead of mechanical
instruments: They are lighter, use less panel space, require less power, produce no heat, distribute
uniform illumination, offer longer life, eliminate parallax, and provide display flexibility. EL displays
may also be used where sudden lamp failure could result in catastrophic consequences.

5.2.6.9.2 Alphanumeric character and symbol sizes. The height of alphanumeric characters and
geometric and pictorial symbols shall subtend not less than 4.5 mrad (15 minutes) of visual angle.
Alphanumerical characters shall be upper case. Aircraft display characters and symbols that must be
read in flight shall subtend not less than 7 mrad (24 min) of visual angle.
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5.3 Audio displays.
5.3.1 General
5.3.1.1 Use. Audio displays should be provided under the following conditions:

a. The information to be processed is short, simple, and transitory, requiring an immediate or
time-based response.

b. The common mode of visual display is restricted by over-burdening; ambient light

variability or limitation; operator mobility; degradation of vision by vibration, high g-forces,
hypoxia, or other environmental considerations; or anticipated operator inattention.

c. The criticality of transmission response makes supplementary or redundant notification
desirable.

d. It is desirable to wam, alert, or cue the operator to subsequent additional response.
e. Custom or usage has created anticipation of an audio display.
f. Voice communication is necessary or desirable.

5.3.1.2 Signal type. When an audio presentation is required, the optimum type of signal should
be presented in accordance with the Table V.

5.3.1.3 False alarms. The design of audio display devices and circuits shall preclude false
alarms.

5.3.1.4 Failure The audio display device and circuit shall be designed to preciude warning
signal failure in the event of system or equipment failure and vice versa.

5.3.1.5 Circuit test. All audio displays shall be equipped with circuit test devices or other means
of operability test.

5.3.1.6 Aircrew stations. Audio signals for air crew stations shall conform to MIL-STD-411,
where applicable.

5.3.1.7 Use with several visual displays. If immediate discrimination is not critical to personnel
safety or system performance, one audio signal may be used in conjunction with several visual
displays.

5.3.2 Audio warnings.

5.3.2.1 Waming signals. Signals should be provided to wam personnel of impending danger,
to alert an operator to a critical change in system or equipment status, and to remind an operator of a
critical action or actions that must be taken. An alerting/warning signal shall provide the operator with
a greater probability of detecting the triggering condition than normal observation would provide in the
absence of the signal. NOTE: Certain audio signals have been standardized for aircraft use by joint
service and imernationat agreement. Audio signats for tuture aircratt design shouid contorm to these
agreements (see MIL-STD-411).

S .22 Nature of signals. Audio warning <ignals should normally consist of two sequential
clements: an alerting signal and an identifying or action signal.
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TABLE V. Functional evaluation of audio signals

. TYPE OF SIGNAL
FUNCTION TONES COMPLEX SOUNDS SPEECH
(Periodic) (Non-Periodic)
—_— 3 ——____
QUANTITATIVE POOR POOR GOQD
INDICATION Maximum of 5 to 6 tones Interpolation between Minimum time and error in
U absolutely recognizable signals inaccurate. obtaining exact value in terms
compatible with response.
QUALITATIVE POOR-TO-FAIR POOR GO0D
INDICATION Difficult to judge approx- Difficult to judge Information concerning
imate value and direction approximaite deviation displacement, direction,
of deviation from null from desired value. and rate preseated in form
setting unless presented compatible with required
in close temporal sequence. response.
STATUS GOOD GOOD POOR
INDICATION Start and stop timing. Especially suitable for Inefficient; more easily
Continuous information irregularly occurring signals | masked; problem of
where rate of change of (¢.g., alarm signals). repeatability.
input 1s low.
TRACKING FAIR POOR GOOD
Null position easily Requm:d q@imﬁve Meaning intrinsic in signal.
monitored; problem of nndlqwms difficult to
signal-responsc provide.
n compatibility
GENERAL Good for automatic Some sounds available Most effective for rapid (but not
communication of limited with common meaning autometic) communication of
information. Meaning (e.g.. fire bell). Easily complex, multi-dimensional
must be learned. Easily generated. information. Meaning intrinsic
generated. in signal and context when
standardized. Minimum of new

5.3.2.2.1 Two element signals. when reaction time is critical and a two element signal is

necessary, an alerting signal of 0.5 second duration shall be provided. All essential information shall

be transmitted in the first 2.0 seconds of the rdentifying or action signal.

5.3.2.2.2 Single element signal. When reaction time is critical, signals shall be short. If a
single element signal is permissible, all essential information shalt be transmitted m the first 0.5

secand.

$32 1% 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.
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5.3.2.4 Relation to visual displays. When used in conjunction with visual displays, audio
warning devices shall be supplementary or supportive. The audio signal shall be used to alert and
direct operator attention to the appropriate visual display.

5.3.3 Characteristics of audio warning signals.

5.3.3.1 Frequency.

5.3.3.1.1 Range. The frequency range shall be between 200 and 5,000 Hz and, if possible,
between 500 and 3,000 Hz. When signals must travel over 300 m (985 ft), sounds with frequencies
below 1,000 Hz should be used. Frequencies below 500 Hz should be used when signals must bend
around obstacles or pass through partitions. The selected frequency band shall differ from the most
intense background frequencies and shall be in accordance with other criteria in this section.

5.3.3.1.2 Electric power frequency avoidance. The frequency of a warning tone shall be
different from that of the electric power employed in the system.

5.3.3.2 Intensity.

5.3.3.2.1 Compatibility with acoustical environment. The intensity, duration and source
location of audio alarms and signals shall be compatible with the acoustical environment of the
intended receiver as well as the requirements of other personnel in the signal areas.

5.3.3.2.2 Compatibility with clothing and equipment. Audio signals shall be loud enough to be
heard and understood through equipment or garments (e.g., parka hood, NBC protective hood,
hearing protective devices) covering the ears of the listener.

5.3.3.2.3 Discomfort. Audio warning signals should not be of such intensity as to cause
discomfort or "ringing" in the ears.

5.3.4 Signal characteristics in relation to operational conditions and objectives.

5.3.4.1 Audibility. A signal-to-noise ratio of at least 20 dB shall be provided in at least one
octave band between 200 and 5,000 Hz at the operating position of the intended receiver.

5.3.4.2 Alerting capability.

5.3.4.2.1 Auention. Signals with high alerting capacity should be provided when the system or
equipment requires res the op operator to concentrate attention. Such signais shall not, however, be so
startling as to preclude appropriate responses or interfere with other functions by holding attention
aweay from other critioal signals.

5.3.4.2.2 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 5.3.4.1.

5.3.4.2.3 Dichotic presentation. When earphones will be worn in the operational situation, a
dichotic presentation should be used whenever feasible, alternating the signal from one ear to the other
by means of a dual-channel headset.

53424 Headset. When the operator is wearing earphones covering both ears during normal
equipment operation, the audio warning signal shall be directed to the operator's headset as well as to
the work area Binaural headsets should not be used in anv operational environment below 85 dBA
wheie sounds that provide the operator with useful information cannot be directed to the operator's
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headset. Such sounds may include voices, machine noise that indicates wear or malfunction and other
audible indications of system performance/mission status.

5.3.4.3 Discriminability.

5.3.4.3.1 Use of different characteristics. When several different audio signals are to be used to
alert an operator to different types of conditions, discriminable difference in intensity or pitch, or use
of beats and harmonics shall be provided. If absolute discrimination is required, the number of signals
to be identified shall not exceed four.

5.3.4.3.2 Coding. Where discrimination of warning signals from each other will be critical to
personnel safety or system performance, audio signals shall be appropriately coded. Alarms that are
perceptibly different shall correlate with different conditions requiring critically different operator
responses (e.g., maintenance, emergency conditions, and health hazards). Such signals shall be
sufficiently different to minimize the operator's search of visual displays.

5.3.4.3.3 Critical signals. The first 0.5 second of an audio signal requiring fasi reaction shall be
discriminable from the first 0.5 second of any other signal that may occur. Familiar signals with
established names or associations shall be selected. Speech should be used whenever feasible.

5.3.4.3.4 Action segment. The identifying or action segment of an audio warning signal shall
specify the precise emergency or condition requiring action.

5.3.4.3.5 Differentiation from routine signals. Audio alarms intended to bring the operator's
attention to a malfunction or failure shall be differentiated from routine signals, such as bells, buzzers,
and normal operation noises.

5.3.4.3.6 Prohibited types of signals. The following types of signals shall not be used as
warnings where possible confusion might exist because of the operational environment:

a. Modulated or interrupted tones that resemble navigation signals or coded radio transmissions.
b. Steady signals that resemblie hisses, static, or sporadic radio signals.

c. Trains of impulses that resemble electrical interference, whether regularly or irregularly spaced
in time.

d. Simple warbles which may be confused with the type made by two carriers when one is
being shifted in frequency (beat-frequency-oscillator effect).

e. Scrambled speech effects that may be confused with cross modulation signais from adjacent
channels.

f. Signals that resemble random noise, periodic pulses, steady or frequency modulated simple
tones, or any other signals generated by standard countermeasure devices (e.g., "bagpipes”).

g. Signals similar to random noise generated by air conditioning or any other equipment.

5.3.4.4 Compatibility.

53.4.4.1 Existing signals. The meaning of audio wamning signals selected for a system should
be conststent with warning signal meanings already established for that function
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5.3.4.4.2 Acoustic environment. Established signals shall be used, provided they are
compatible with the acoustic environment and the requirements specified herein for the voice
communication system. Standard signals shall not be used to convey new meanings.

5.3.4.5 Masking

5.3.4.5.1 Other critical channels. Audio warning signals shall not interfere with any other
critical functions or warning signals, or mask any other critical audio signals.

5.3.4.5.2 Separate channels. Where a warning signal delivered to a headset might mask another
essential audio signal, separate channels may be provided to direct the warning signal to one ear and
the other essential audio signal to the other ear. When required by operating conditions, this dichotic
presentation may also alternate the two signals from ear to ear.

5.3.5 Verbal warning signals.

5.3.5.1 Nature of signals. Verbal warning signals shall consist of:

a. an initial alerting (non speech) signal to attract attention and to designate the general problem,
and

b. a brief standardized verbal message to identify the specific condition and to suggest
appropriate action.

5.3.5.2 Intensity. Verbal alarms for critical functions shall be not less than 20 dB above the
speech interference level at the operating position of the intended receiver.

5.3.5.3 Vocal criteria.

5.3.5.3.1 Type of voice. The voice shall be distinctive and mature.

5.3.5.3.2 Delivery style. The messages shall be presented in a formal, impersonal manner.

5.3.5.4 Speech processing. Verbal warning signals shall be processed only when necessary to
increase or preserve intelligibility, such as by increasing the strength of consonant sounds relative to

vowel strength. Where a signal must be relatively intense because of high ambient noise, peak-
clipping (see MIL-HDBK-1908) may be used to protect the listener against auditory overload.

5.3.5.5 Message content. Word selection priority shall be intelligibility, aptness, and
conciseness, in that order.

5.3.5.6 Critical warnings and priorities.

5.3.5.6.1 Critical warning signals. Critical warning signals shall be repeated with not more than
a 3-second pause between messages until the condition is corrected or overridden by the crew.

5.3.5.6.2 Message priorities. A priority system shall be established to ensure that higher
criticality messages override the presentation of lesser priority messages. If two or more incidents or
maltunctions occur simuitaneously, the message having the higher prionty shall be given tirst. 1 he
remaining messages shall foliow in arder of priority  In the event of a complete suhsystem failnre the
svstem shall integrate previous messages via electronic gating and report the subsvstem rather than the
cosponent fuihire
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5.3.6 Controls for audio warning devices.

5.3.6.1 Automatic or manual shut-off. When an audio signal is designed to persist as long as it
contributes useful information, a shut-off switch, controllable by the operator, the sensing mechanism,
or both, shall be provided, depending on the operational situation and safety factors.

5.3.6.2 Automatic reset. Whether an audio warning signal is designed to be terminated
automatically, manually, or both, an automatic reset function shall be provided. The automatic reset
function shall be controlled by the sensing mechanism which shall recycle the signal system to a
specified condition as a function of time or the state of the signaling system so that the waming device
can sound again if the condition repeats.

5.3.6.3 Redundant Visual Warning. All non-verbal aural annunciations shall be accompanied
by a visual annunciation which defines the condition. In a cockpit, this may be an illuminated display.
In the case of a warning horn on a backing vehicle, the vehicle's backward motion is adequate
redundancy.

5.3.6.4 Volume control.

5.3.6.4.1 Automatic or manual. The volume (loudness) of an audio warning signal shall be
designed to be controlled by the operator, the sensing mechanism, or both, depending on the
operational situation and personnel safety factors. Control movemeats shall be restricted to prevent
reducing the volume to an inaudible level.

5.3.6.4.2 Ganging to mode switches. Volume controls may be ganged to mode switches to
provide maximum output during mission phases when intense noise may occur and to provide reduced
volume at other times. Ganging shall not be used if intense noise may occur during an emergency in a
mission phase when the volume would be decreased below an audible jevel.

5.3.6.4.3 Caution signal controls. Audio caution signals shall be provided with manual reset
and volume controls.

5.3.6.5 Duration. Audio wamning signal duration shall be at least 0.5 second, and may continue
until the appropriate response is made. Completion of a corrective action by the operator or by other
means shall automatically terminate the signal.

5.3.6.6 Duration limitations. Signals that persist or increase progressively in level shall not be
used for emergency situations if manual shut-off may interfere with the corrective action required.

5.3.7 Speech transmission equipment.

5.3.7.1 Frequency. Microphones and associated system-input devices shall respond optumally
to that part of the speech spectrum most essential to intelligibility (i.e., 200 to 6,100 Hz). Where
system engineering necessitates speech-transmission bandwidths narrower than 200 to 6,100 Hz, the
minimum acceptabie frequency range shall be 250 to 4,000 Hz.

5.3.7.2 Dynamic range. The dynamic range of a microphone used with a selected amplifier
shall be wide enough to admit variations in signal input of at least 50 dB.

5273 Noise canceling microphones  in very loud, tow frequency noise environments (100
dB overall), noise canceling microphones shall be used and shall be capable of achieving an
nprovement of not less than 10 dB peak speech to root-mean-square-noise ratio as compared with
non-noise-canceling microphones of equivalent transmussion characteristics.
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5.3.7.4 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 to and no greater than 9 dB per octave over the frequency range 1,500 to 4,800 Hz, when no
clipping is used.

5.3.7.5 Peak-clipping of speech signals. Where speech signals are to be transmitted over
channels showing 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 may be preceded by frequency pre-emphasis as
specified in 5.3.7.4.

5.3.7.6 Noise shields. When the talker is in an intense noise field, the microphone should be
put in a noise shield. Noise shields should be meet the following requirements:

a. A volume of at Jeast 250 cu cm (15.25 cu in) shall be provided to permit a pressure gradient
microphone to function normally.

b. A good seal shall be provided against the face with the pressure of the hand or the
tension of straps.

c. A hole or combination of holes covering a total area of 65 sq mm (0.1 sq in) shall be provided
in the shield to prevent pressure buildup.

d. Standing wave patterns shall be prevented by shape, or by use of sound absorbing
material.

¢. The shield shall present no impediment to voice effort, mouth, jaw movement or breathing.

5.3.8 Speech reception equipment.

5.3.8.1 Frequency range. Headphones and loudspeakers shall be subject to the same frequency
response restrictions as microphones and transmission equipment except that loudspeakers for use in
multi-speaker installations and multiple channels fed into headphones (e.g., where several speech
channels are to be monitored simultaneously) shall respond uniformly (x5 dB) from 100 to 4,800 Hz.

5.3.8.2 Loudspeakers for multi-channel monitoring.

5.3.8.2.1 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 from 45° ieft to 45° right of the operator's normal forward facing position.

5.3.8.2.2 Filtering. When additional channel differentiation is required, apparent lateral
separation shall be enhanced by applying low-pass filtering (frequency cutoff = 1,800 Hz) to signals
fed to loudspeakers on one side of the central operator position. If three channels are involved, one
channel shall be left unfiltered, a high pass filter with 1,000 Hz cutoff shall be provided in the second
channel, and a low-pass filter with 2,500 Hz cutoff shall be provided in the third channel. A visual
signal shall be provided to show which channel is in use.

5.3.8.3 Use of de-emphasis. When transmission equipment employs pre-emphasis and peak
clipping is not used, 1eception cquipment shall cmploy frequency de-emphasis of characteristics
compiementary (o those of pre-emphasis only if it improves intelligibility, i.e., de-emphasis shall be a
negative-slope frequency response not greater than ¥ dB per octave over the frequency runge 140 W
4 800 H7.
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5.3.8.4 Headsets. If listeners will work in high ambient noise (85 dBA 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. Their
attenuation qualities should be capable of reducing the ambient noise level to less than 85 dBA.
Provisions should be incorporated to furnish the same protection to those who wear glasses.

5.3.9 Operator comfort and convenience.

5.3.9.1 Comfort. Communication equipment to be worn by an operator (e.g., headphones and
telephone headsets) shall be designed to preclude operator discomfort. Metal parts of the headset shall
not come in contact with the user's skin.

5.3.9.2 Hands-free operation. Operator microphones, headphones, and telephone headsets
shall be designed to permit hands-free operation under normal working conditions.

5.3.9.3 Accessibility of handsets. Where communication requirements necessitate the use of
several telephone handsets, the accessibility of their standby locations shall be determined by
operational priority, i.e., the most frequently or urgently needed handset shall be the most accessible.
The handsets may also be color coded if they will be visible to operating personnel under the working
conditions.

5.3.10 Operating controls for voice communication equipment.

5.3.10.1 Volume controls. Accessible volume or gain controls shall be provided for each
communication receiving channel (e.g., loudspeakers or headphones) with sufficient electnical power
to drive sound pressure level to at least 100 dB overall when using two earphones, and shall have
pressure operated gain control switches to compensate for altitude in unpressurized compartments.
The minimum setting of the volume control shall be limited to an audible level, i.e., it shall not be
possible to inadvertently disable the system with the volume control. Power (on-oft) and volume
adjustment should not be combined into the same control; however, if conditions justify their
combination, a noticeable detent position shall be provided between the OFF position and the lower
end of the continuous range of volume adjustment. When combined power and volume controls are
used, the OFF position shall be labeled.

5.3.10.2 Squelch control. Where communication channels are to be continuously monitored,
each channel shall be provided with a signal-activated switching device (squelch control) to suppress
channel noise during no-signal periods. A manually operated on-off switch, to deactivate the squeich
when receiving weak signals, shall be provided.

5.3.10.3 Foot-operated controls. When normal working conditions witi permit the operator to
remain seated at the working position and require access to “talk-listen” or “send-receave” control
switches, or if console operation requires the use of both hands, fooi-operated controls shall be
oorﬁmkforﬂwsamefunc&mnsshanbeproudcdforcmcrgency use and for
use when the operator may need to move from one position to another.

5.3.11 Speaker/side tone. The speaker's verbal input shall be in phase with its reproduction as
heard on the headset. This side tone should aot be filtered or modificd before it is received in the
headset.

5.3.12 Speechntelhgibiity.

n.-v.;nm .i ‘hrf‘l" e mmmcndcd methods are available. with the appropriate selection hemg dcpcndcn[
upon the requircments of the test.
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a. The standard method of measuring phonetically balanced (PB) monosyllabic word
intelligibility, ANSI §3.2, should be used when high test sensitivity and accuracy are
required.

b. The modified rhyme test (MRT) (see Human Engineering Guide to Equipment Design)
should be used if the test requirements are not as stringent or if time and training do not permit
the use of the ANSI method.

c. Articulation index (Al) calculations should be used for estimations, comparison and
predictions of system intelligibility based upon ANSI S3.5.

5.3.12.2 Criteria. The intelligibility criteria shown in Table VI shall be used for voice

communicauon. The efficiency of communications needed and the type material to be transmitted shall
determine which of the three communication requirements of Table VI is to be selected.

TABLE V1. Intelligibility criteria for voice communication systems

COMMUNICATION REQUIREMENT SCORE
PB | MRT| Al

Exceptionally high intelligibility; separate syllables understood 90% | 97% | 0.7

Normal acceptable intelligibility; about 98% of sentences correctly
heard; single digits understood 75% | 91% | 0.5

Minimally acceptable intelligibility; limited standardized phrases
understood; about 90% sentences correctly heard (not acceptable for 43% | 75% | 0.3
operational equipment)
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5.4 Controls.

5.4.1 General criteria.

5.4.1.1 Selection.

5.4.1.1.1 Distribution of work load. Controls shall be selected and distributed so that none of
the operator's limbs will be overburdened.

5.4.1.1.2 G-loading. Where applicable, contro} selection shall consider operation under
variable g-loading on the operator.

5.4.1.1.3 Multirotation controls. Multirotation controls shall be used when precision is required
over a wide range of adjustment.

5.4.1.1.4 Detent controls. Detent controls shall be selected whenever the operational mode
requires control operation in discrete steps.

5.4.1.1.5 Stops. Stops shall be provided at the beginning and end of the range of control
positions if the control is not to be operated beyond the indicated end positions or specified limits.

5.4.1.2 Direction of movement.

5.4.1.2.1 Consistency of movement. Direction of control movement shall be consistent with the
related movement of an associated display, equipment component, or vehicle. In general, movement
of a control forward, clockwise to the right, or up, or pressing a control, shall turn the equipment or
component on, cause the quantity to increase, or cause the equipment or component to move forward,
clockwise, to the right, or up. Valve controls are excepted (see 5.4.1.2.4).

5.4.1.2.2 Multidimensional operation. When the vehicle, equipment, or components may
move in more than two dimensions, exception to 5.4.1.2.1 shail be made if necessary to ensure
consistency of anticipated response (e.g., forward motion of a directional control causes some vehicles
to dive or otherwise descend rather than to simply move forward). When several controls are
combined in one device, responses shall be compatible with control movement (e.g., control motion to
the right is compatible with clockwise roll, right turn, and direct movement to the right).

5.4.1.2.3 Operator-control orientation. Controls shall be oriented with respect to the operator.
Where a vehicle operator may use two or more stations, the controls shall cause movement oriented to
the operator at the effecting station, unless remote visual reference is used.

5.4.1.2.4 Valve controls. Rotary valve controls should open the valve with a counterclockwise
motion. Valve controls shall be provided with doubte-ended arrows showing the direction of
operations and labeled at each end to indicate the functionai resuit (e.g., open and close).

5.4.1.3 Arrangement and grouping.

5.4.1.3.1 Gronping. Controts which arc oporated in a tusk-diiven sequeice o which e
operated together shall be grouped together along with their associated displays. When several steps
of a sequence are selected by one control, the steps shail be arranged by order of occurrence to
minimize control movements and prevent cycling through unnecessary steps. Cyching through the
contol’s ONJOIT position shall be avoided

S.4.1.3.2 Seguential operation  Where sequential operations follow a fixed pattern, controls
shall be arranged to facilitate operation (e.g.. a left-to-right/top-to-bottom pattern, as a printed page)
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5.4.1.3.3 Location of primary controls. The most important and frequently used controls
(particularly rotary controls and those requiring fine settings) shall have the most favorable position for
ease of reaching and grasping .

5.4.1.3.4 Consistency. The arrangement of functionally similar, or identical, primary controls
shall be consistent from panel to panel throughout the system, equipment, or vehicle, e.g., a
movement of a control to the right or left should result in a corresponding movement of a displayed
element to the right or left.

5.4.1.3.5 Remote controls. Controls, operated at a position remote from the display,
equipment, or controlled vehicle, shall be arranged to facilitate direction-of-movement consistency.

5.4.1.3.6 Maintenance and adjustment. In general, controls used solely for maintenance and
adjustment shall be covered during normal equipment operation, but shall be readily accessible and
visible to the maintenance technician when required.

5.4.1.3.7 Spacing. Minimum spacing between controls shall comply with Table VII. Spacing
between a control and any adjacent obstruction shall be as shown by the figures referenced by Table
VII. Minimum spacing shown shall be increased for operation with gloves, mittens, or NBC
protective handwear, when such operation is a system requirement.

5.4.1.4 Coding.

5.4.1.4.1 Methods and requirements. The use of a coding mode (e.g., size and color) for a
particular application shall be governed by the relative advantages and disadvantages of each type of
coding (see Table VIII). Where coding is used to differentiate among controls, application of the code
shall be uniform throughout the system.

5.4.1.4.2 Location-coding. Controls associated with similar functions should be in the same
relative location from work station to work station and from panel to panel.

5.4.1.4.3 Size-coding. No more than three different sizes shall be used to code controls for
discrimination by absolute size. Controls used for performing the same function on different items of
equipment shall be the same size. When knob diameter is used as the coding parameter, differences
between diameters shall be not less than 13 mm (0.5 in). When knob thickness is the coding
parameter, differences between thicknesses shall be not less than 10 mm (0.4 in).

5.4.1.4.4 Shape-coding Shape coding, when used, shall ensure identification of control knobs
or handles by “feel." When shape coding is used:

8. The coded feature shall not interfere with ease of control manipulation.

b. Shapes shall be identifiable by hand and by eye regardless of the position and
orientation of the contro! knob or handle.

¢. Shapes shall be tactually ideatifiable when gloves must be worn.

d. The number of shapes to be identified by each operator based on absolute
drscrmmumnation shatt be not more-than ten.

e. Shape coded knobs and handles shall be positively and non-reversibly attached to their shafts
to preclude incorrect attachment when replacement i< required

I Shapes should be associated with or resemble control function. and not alternate functions
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TABLE VII. Minimum, edge-to-edge separation distances for controls

CONTINUOUS | ROTARY DISCRETE
O | Bmonse ROTARY | SELECTOR | THUMBWHEEL
CONTROLS | SWITCHES | CONTROLS
l_l~lq‘_‘

TOGGLE SEEFIG 13 | 13mm (0.5in) | 19 mm (0.75in) | 19 mm (0.75in)| 13 mm (0.5 in)
SWITCHES
PUSHBUTTONS! |13 mm©5in) | SEEFIG11 | 13mm©05in) |13 mm 0.5in) |13 mm(0.5in)
CONTINUOUS |
gg&?gu 19 mm (0.75 in) | 13 mm (0.5 in) SEEFIG7 |25 mm (1.0in) | 19 mm (0.75 in)
ROTARY
m 19 mm (0.75 in) | 13 mm (0.5in) | 25 mm (1.0 in) SEEFIG4 | 19 mm (0.75 in)
DISCRETE
THUMBWHEEL 13mm (0.5in) | 13 mm (0.5in) | 19 mm (0.75in) {19 mm (0.75in)| SEE FIG 6
CONTROLS

1for pushbuttons not separated by barriers

5.4.1.4.5 Color-coding.

NOTE: All values are for one hand operation.

5.4.1.4.5.1 Choice of colors. Controls shall be black (17038, 27038, or 37038) or gray
(26231 or 36231). If color coding is required, only the following colors identified in FED-STD-595

shall be selected for control coding.

a. Red, 11105, 21105, 31105

b. Green, 14187

c. Orange-Yellow, 13538, 23538, 33538

d. White, 17875, 27875, 37875

e. Blue, 15123 sh.ll be used if an additional color is absolutely necessary.

5.4.1.4.5.2 Immediate action controls. Color coding of immediate action controls for aircraft
shall conform to MIL-M-18012.

5.4.1.4.5.3 Relation to display. When color-coding must be used to relate a control to its
corresponding display, the same color shall be used for both the control and the display.

54.1.4.54 Coptrol pane! contrast. Sufficient color/brightness contrast hetween the control and
its background shall be provided to ensure prompt and accurate identification by the operator.

5.4.1.4.5.5 Ambient lighting and color-coding exclusion. Color coding shall be compatible
with anticipated ambient light during the nssion. Color coding shall nut be used s Ui primary
identification medium if the spectral charactenistics of such ambient light or the operator's adaptation
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TABLE VIII. Advantages and disadvantages of various types of coding

TYPE OF CODING
MODE OF
ADVANTAGES LOCATION SIZE | OPERATION | LABELING COLOR
. . . ” —f 4 ]
Improves visual identification X X X X X
Improves nonvisual identifica- X X X X
tion (tactual and kinesthetic)
Helps standardization. X X X X X X
Aids identification under low X X X X (When trans- } (When trans-
levels of illumination and illuminated) illuminated)
colored lighting.
May aid in identifying control X X X
position (settings).
Require little (if any) training; X
is not subject to forgetting.
DISADVANTAGES J_
H S =,
May require extra space. X X X X
Affects manipulation of the X X X X
control (ease of use).
Limited in number of available X X X X X
coding categories.
May be less effective if operator X X X
wears gloves.
Controls must be viewed (i.e., X X
must be within visual areas and
adequately illuminated).

to that light varies as the result of such factors as solar glare, filtration of light, and variation from
natural to artificial light. If red lighting is to be used during a portion of the mission, controls which
would otherwise be coded red shall be coded by orange-yellow and black striping.

5.4.1.5 Labeling of controls. Control labeling shall conform to 5.5.

5.4.1.6 Compatibility with handwear. Controls shall be compatible with handwear to be utilized
in the anticipated environment. Unless otherwise specified, at! dirmensions crted herein are tor bare
hands and should be revised where necessary for use with gloves or mittens

S0 7 Blind vperation Where "blind” operation is necessary. hand controls chall be shape
coded. or separated from adjacent controls by at least 125 mm (5 in).

15
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5.4.1.8 Prevention of accidental actuation.

5.4.1.8.1 Location and design. Controls shall be designed and located so that they are not
susceptible to being moved accidentally, particularly critical controls whose inadvertent operation
might cause equipment damage, personnel injury, or system performance degradation.

5.4.1.8.2 Internal controls. Internal or hidden controls should be protected, because it is
usually not obvious that such controls have been disturbed and it may be difficuit and time consuming
to locate and readjust them.

5.4.1.8.3 Rapid operation. Any method of protecting a contro! from inadvertent operation shall
not preclude operation within the time required.

5.4.1.8.4 Methods. If a control must be protected from accidental actuation, one or more of the
following methods, as applicable, shall be used:

a. Locate and orient the control so that the operator is not likely to strike or move it accidentally

g.

in the normal sequence of control movements.

. Recess, shieid, or otherwise surround the control by physical barriers. The control shall be

entirely contained within the recess or barrier envelope.

. Cover or guard the control. Safety or lock wire shall not be used.

. Interlock the control so that extra movement (e.g., a side movement out of a detent position or

a pull-to-engage clutch) or the prior operation of a related or locking control is required.

. Provide the contro] with movement resistance (e.g., viscous or coulomb friction, spring-

loading, or inertia) so that definite or sustained effort is required for actuation.

Lock the control to prevent its quickly passing through a position when strict sequential
activation is necessary (i.e., the control is moved only to the next position, then delayed).

Design the control for operation by rotary action.

5.4.1.8.5 Dead man controls. Dead man controls, which will result in system shut-down to a
non-critical operating state when force or input is removed, shall be utilized wherever operator
incapacity can produce a critical system condition.

5.4.1.8.6 Foot-operated controls.

5.4.1.8.6.1 Use. Foot-operated controls may be used when:

a.

b.

C.

control operation requires either greater force than the upper body can provide or force close to
an upper body fatigue threshold,

the operator's hands are generatty occupred by other manuai control asks at the same
moment that an additional contro! action is required,

specific foot-operated controls have been so well established that the operator expects such

cperating funclions te be performed using fant contmls (r o aireraft rudder/brake pedaie
automotive clutch, brake, and accelerator pedals), or

10



Downloaded from http://www.everyspec.com

MIL-STD-1472E

d. a safety "shut-down" control is required during an operation in which the operator's
hands cannot be freed to reach a safety switch.

5.4.1.8.6.2 Avoidance. Foot operated controls should not be used when:

a. astanding operator is confronted with a sensitive balancing requirement (e.g., 2 moving
platform where balancing on the non-operating foot may become difficult as the operating foot
is moved from a support to actuating position),

b. precise control operations are required, or
¢. selection from among a great many separate controls is required.

5.4.1.8.6.3 Operation. Foot controls shall be located and designed so they can be operated in as
natural a pattern as practicable and should not require the operator to:

a. perform frequent, maximum reaching,
b. hold the leg or foot in awkward position for extended periods of time,

c. operate a control frequently or for an extended period of time while sitting in a twisted
position (i.e., pedals shall be laid out symmetrically with reference to the operator's principal
operating orientation),

d. apply maximum force frequently or for extended durations,
e. search for a particular foot control in order to select the proper one, or

f. use a foot control located where (1) it might be stepped on and inadvertently actuated, or (2)
shifting the foot from one control to another creates conditions where the foot or clothing
might be entrapped by an intervening control.

5.4.1.8.6.4 Configuration and placement. Configuration and placement of foot operated
controls shall accommodate the anthropometry of the operator's foot wearing operational shoes or
boots. Each foot operated control shall be located so that (a) actuating it by one foot does not interfere
with actuating a control by the other foot and (b) foot and leg movements are natural and easily
accomplished within the work station where the foot controls are located.

5.4.1.9 Hazardous operations.

5.4.1.9.1 Interlocks and alarms. Where practical, the critical position of a control that initiates
hazardous operations (e.g., ignition, crane movement) shall activate visibie and audible warning
signals in the affected work area.

5.4.1.9.2 Consistency of use. A control used for a critical/emergency use function shall be
dedicated to that function only.

5.4.2 Rotary controls.

S0 Rotary selector switches
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5.4.2.1.1.1 Use. Rotary selector switches (see Fig. 4) should be used for discrete functions
when three or more detented positions are required. Rotary selection switches should not be used for a

two-position function unless prompt visual identification of control position is of primary importance
and speed of control operation is not critical.

5.4.2.1.1.2 Moving pointer. Rotary selector switches should be designed with a moving
pointer and a fixed scale.

5.4.2.1.1.3 Shape. Moving pointer knobs shall be bar shaped with parallel sides and its index
end tapered to a point. Exceptions may be made when pointer knobs are shape-coded or when space is
restricted and torque is light. Shape-coding shall be used when a group of rotary controls, used for
different functions, is placed on the same panel and control confusion might otherwise result.

5.4.2.1.1.4 Positions. A rotary selector switch that is not visible to the operator during normal
system operation shall have no more than 12 positions. A rotary switch that is constantly visible to the
operator shall have not more than 24 positions. In addition, the following criteria shall apply:

OIMENSIONS RESISTANCE
L w “
Length Width Depth
i imus 25 mm {1 in) 16 mm (5/8 in) 115 MmN m (1 in—ib)
Maximem 100 i (4 in) - 25 mm (1 in} 7S mm (3 in) 680 mN * m (6 in.~ib)
DISPLACEMENT SEPARATION
A
Onetend Twe-Mond
L4 .o Renden Operetion
Minimum 262 avad {159 525 mrad (30°) 25 mm (1 in) 75 mm (3 in.}
Maaimym 700 mrad {40%) | 1570 mrad (90°)
Peraferted 50 me (2 in) 126 mm (5 in}

*For fecilitating performaence,

* *When special enginsering requirements demand 18104 1EDIrEtion Of wher taotueHy
"R inA”"t nocitinned controly are required

FIGURE 4. Rotary sclector switch
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a. Rotary switch positions shall not be placed opposite each other unless knob shape precludes
confusion as to which end of the knob is the pointer.

b. Switch resistance shall be elastic, build up, then decrease as each position is approached, so
that the contro! snaps into position without stopping between adjacent positions.

5.4.2.1.1.5 Contrast. A reference line shall be provided on rotary switch controls. The
luminance contrast (se¢ MIL-HDBK-1908) of this line with the control color shall be not less than
3.0 under all lighting conditions.

5.4.2.1.1.6 Pamllax. The knob pointer shall be mounted sufficiently close to its scale to
minimize parallax between the pointer and the scale markings. When viewed from the normal
operator's position, the parallax errors shall not exceed 25% of the distance between scale markings.

i i [COISURNCAC . o $epA
resistance, displacement, and separation between adjacent edges of areas swept by rotary selector
switches should conform to the criteria in Figure 4.

5.4.2.1.2 Key operated switches (ROS). (See Figure 5)

5.4.2.1.2.1 Use. KOS are used to prevent unauthorized operation. Ordinarily, they control
system operation by go/no-go.

e SR —— e
DISPLACEMENT HEIGHT

(a) (H} RESISTANCE
MINIMUM 525 mrad {309) 13 mm 115 mN'm
(12 in.) (1 in.—b}
MA XMW1 1870 mrad (80%) 75 mm 680 mNm
3in) 6 in.~b)

FIGURE 5. Key-operated switch

1
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5.4.2.1.2.2 Dimensions, displacement, and resistance. Dimensions, displacement, and
resistance shall conform to the criteria in Figure 5.

5.4.2.1.2.3 Color, shape and size coding. Color, shape, or size coding or a combination may
be used as follows:

a. Color may be used to aid in identifying various keys by function or use location and when
illumination is adequate to differentiate the colors. Red (11105 or 21105 of FED-STD-595)
shall be reserved for emergency functions.

b. Shape coding may be used when it is desirable to identify a given key by feel. When shape
coding is used, sharp corners shall be avoided.

c. Size coding, within the height limits of Figure 5, may also be used if no more than two sizes
are employed.

5.4.2.1.2.4 Marking and labeling. Keylock switch applications shall include appropriate
position markings and labels (see 5.5).

5.4.2.1.2.5 Other requirements.

a. Keys with teeth on both edges, which fit the lock with either side up or forward, are
preferred.

b. Keys with a single row of teeth should be inserted into the lock with the teeth pointing up or
forward.

c. Locks should be oriented so the key's vertical position is the OFF position.

d. Operators should normally not be able to remove the key from the lock unless the switch is
turned OFF.

e. Actuation of an item by a key operated switch should be accomplished by turning the key
clockwise from the vertical OFF position.

$.4.2.1.3 Discrete thumbwheel controls.

5.4.2.1.3.1 Application. Thumbwheel controls may be used if the function requires a compact
digital control-input device (for a series of numbers) and a readout of these manual inputs for
verification. The use of thumbwheels for any other purposes is discouraged. Detent indexing units
should provide 10 positions (0 - 9) in digital or binary (3 or 4 bits and complement) outputs.

5.4.2.1.3.2 Shape. Each position eround the ciscumierence of a discrete thumbwheel shall have
a concave surface or shall be separated by a high-friction area which is raised from the periphery of the
thumbwheel. The thumbwheels shall not preciude viewing the digits within a 30° viewing angle to the
left and right of a perpendicular to the thumbwheel digits.

5.4.2.1.3.3 Coding. Thumbwheel controls may be coded by location, iabeling, and color (e.g.,
reversing the colors of the least significant digit wheel as on typical odometers). Where used as input
devices, thumbwheel switch Off or Normat positions should be color coded o pertint a visual chieck
that the digits have been reset to their Off or Normal positions.

547134 Direction of movement. Moving the thumbhwheet edge forward. or upward. or to
the right shall increase the setting.

S0
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5.4.2.1.3.5 Numerals.

54.2.1.3.5.1 Intemnal illuminance. Where ambient illumination will provide display
brightness below 3.5 cd/m2 (1 ft-L), the thumbwheel characters shall be internally illuminated,
appear against a black backtgmund.- and have dimensions approximating the following: height = 4.8
mm (3/16"), height-to-Width Ratio = 3:2, and height-to-Stroke Width Ratio = 10:1.

5.4.2.1.3.52 External illuminance. Where ambient illumination will provide a display
luminance above 3.5 cd/m?2 (1 fi-L), internal illumination is not required. Digits should be bold,
black numerals engraved on a light (or white) thumbwheel background, with dimensions as specified
in 5.4.2.1.3.5.1, except that the height-to-stroke width ratio should be approximately 5:1

5.4.2.1.3.6 Visibility. Thumbwheel design shall permit viewing of inline digital read-out from
all operator positions.

5.4.2.1.3.7 Dimensions. Control dimensions shall conform to the criteria in Figure 6.

—ive—

i{;{ ' :
T

D L w H s
TROUGH
DIAMETER | DISTANCE | WIDTH | DEPTH | SEPARATION | RESISTANCE

<]

MINIMUM 30 mm 11 mm Imm PBmm 10 mm 17N

. . L]
MAXIMUM (1-1/81n.) (7746 n) | (1/81n) [(1/81In) (13/321in.) 8 ox)
75 mm 19 mm {1 13mm 58N
i) Q/ain) (1/2 in.) (20 o2}

FIGURE 6. Discrete thumbwheel control

5.4.2.1.3.8 Resistance. Detents shall be provided for discrete position thumbwheels.
Resistance shall be elastic, build up and then decrease as each detent is approached so that the
control snaps into position without stopping between adjacent detents. The resistance shall be within
the limits indicated in Figure 6.

5.4.2.1.9.9 Scparation. The seperation beiweon adjucont edges of thumbwheel conuols shall

conform to the criteria in Figure 6 and shall be sufficient to preclude accidental actuation of adjacent
controls during normat setting.

51
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5.4.2.2 Continvous adjustment rotary controls.

54.2.2.1 Knobs.

5.4.2.2.1.1 Use. Knobs should be used when low forces or precise adjustments of a
continuous variable are required. For most tasks, a moving knob with fixed scale is preferred over a
moving scale with fixed index. If positions of single revolution controls must be distinguished, a
pointer or marker should be available on the knob.

5.4.2.2.1.2 Dimensions, torque and separation. The dimensions of knobs shall be within the
limits specified in Figure 7. Within these ranges, knob size is relatively unimportant, provided the
resistance is low and the knob can be easily grasped and manipulated. When panel space is extremely
limited, knobs should approximate the minimum values and should have resistance as low as possible
without permitting the setting to be changed by vibration or merely touching the control. Resistance
and separation between adjacent edges of knobs shall conform to Figure 7.

5.4.2.2.2 Ganged control knobs.

5.4.2.2.2.1 Application. Ganged knob assemblies may be used in limited applications when
panel space is at a premium. Two-knob assemblies are preferred. Three-knob configurations should
be avoided. Ganged knob configurations should not be used under the following conditions:

a. Extremely accurate or rapid operations are required.

b. Frequent changes are necessary.

c. Heavy gloves must be worn by the operator.

d. Equipment is exposed to the weather or used under field conditions.

5.4.2.2.2.2 Dimensions and separation. Dimensions and separation should conform to
Figure 8.

5.4.2.2.2.3 Resistance. Resistance shall conform to requirements in Figure 8. Knobs should
be serrated. Fine serrations should be used on precise adjustment knobs; coarse serrations should be
used on gross adjustment knobs.

5.4.2.2.2.4 Marking. An indexing mark or pointer shall be provided on each knob. Marks or
pointers should differ sufficiently to make it apparent which knob indexing mark is being observed.

5.4.2.2.2.5 Knob/dispiay reiationship. When each knob of a ganged assembly must be related
to an array of visual displays, the knob closest to the panel shall relate to the left-most display in a
horizontal array, or the uppermost display in a vertical array (see Figure 8).

5.4.2.2.2.6 Inadvertent operation. When it is critical to prevent inadvertent operation of one
knob as the other is being adjusted, a secondary knob coatrol action shall be required (e.g., pressing
the top knob before it can be engaged with its control shaft). Where inadvertent movement is
undesirable but not critical, knob diameter/depth relationships should be optimized as shown in Figure
. Contrasting cotors between knobs may atso be used to rmprove knob dentrtrcation.

5.4.2.2.3 Continuous adjustment thumbwheel controls.

5.4.2.2.3.1 Usec. Conlinuously adjustable thumbwheel controls may be used as an altemative to
rotary knobs when the application will benefit from the compactness of the thumbwheel device
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,(

DIMENSIONS
H@ Fingertip Grasp Thumb end Finger @ Poim Grasp
Encircled
H D o] (o] L
Height Diometer Diometer Diometer Length
Minimum |13 mm (1/2 in] 10 mm (3/8 in.) 25 mm (1 ln) b8 mm {1-1/21a.] 76 mm (3 in.}
Maximum 125 mm (1in,) 100 mm {4 in.) 7% mm (3 in.) 75 mm {3 in)
TORQUE SEPARATION
S S
. . One Hand Twe Honds
* Individuslly Simultoneeusly
Minimum - 25 mm {1 In.) 50 mm (2in.)
Optimum - - S0 mm (2 in.) 125 mm (6 in.}
Maximum 32 mN-m 42 mN-m . .
{4-1/2 in,—0z2.)| (6 ln,—~02.}

*To and including 256 mm (1.0 in.] diameter knobs

" Giusiar Ui 26 mm (1.0 in.} diemeter knobs

FIGURE 7. Knaobs
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Nz —_ 0
b GANGED K08 /DISPLAY
ASSOCE
DIMENSTOHS
T™O KNOB ASSEMBLY THREE KNO® ASSDELY
[ g ) 02 L] M2 Ny ] ] by
MINTMUM 16 mm 1Im 1 an Q2 m WY 19 [ 13 o ) ]
e | oy | oy | o | onem | e | o | arn [ asse]| o)
WAXIMUM 100 = 100
(&) )
TORQUE SEPARATION
. . ONE NAND TNOTVIDUALLY TWO HANDS STMALTANEDUSLY
AN | G A — GLOVED
NINIMUN 25 m (1°) 63 (241/2°) 50 em (2°) | 90 sw (3-1/2°)
OPTINUN SO wm (2°) [90em {3-172°) 75 m (3"} | 100 mm (4")
MAX 1MUM 32 mi-m 42 sl-'a
(4-172 tn.-0z.) {6 n.-02.)

*To and including 25 am (1°) diameter knobs.
**Greater than 25 wo (1°) diameter knobs.

FIGURE 8. Ganged knobs

5.4.2.2.3.2 QOrientation and movement. Thumbwheels skall be criented and move in the
directions specified in Figure 9. If a thumbwheel is used to afiect vehicle motion, movement of the
thumbwheel forward or up shall cause the vehicle to move down or forward.

5.4.2.2.3.3 Tuming aids. The rim of the thumbwheel shell be serrated or provided with a high
friction surface to aid the operator in manipulating the control.

5.4.2.2.3.4 Dimensions. separation and resistance. Dimensions, separation and resistance shall
conform to criteria in Figure 9.

5.4.2.2.3.5 Labeling and visibility. Marking and laieling shall conform to requirements
herein, with respect to visibility of markings and legibility of label alphanumerics.

5.4.2.2.3.6 OFF position. A detent shall be provided for continuous thumbwheels having an
OFF position.

3.4.2.2.4 Crapks.

5.4.2.2.4.1 Use. Cranks should be used for tasks requiring many rotations of a control,
pariicularly whese high rates or large forces are involved. For tasks involving large slewing
movements, plus small, fine adjustments, a crank handle may be mounted on a knob or handwheel,
the crank for slewing and the knob or trandwheel for fine adjustuents. Where crenks are used ol
tuning, or other processes involving numerical selection, each rotation should correspond to 2
multiple of 1, 10, 10U, etc. Simuitaneously operated handeraids should be used in preference to
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other two-axis controllers where extreme precision is required in setting crosshairs or reticles as in
map readouts or optical sighting mechanisms (as opposed to tracking). This type of control may also
be used in other applications requiring x-y control provided there is no requirement for rapid or

frequent operation. The gear ratio and d

ynamic characteristics of such cranks shall allow precise

placement of the follower (e.g., crosshairs) without overshooting or undershooting and successive

corrective movements.

5.4.2.2.4.2 Grip handle. The crank grip handle shall be designed so that it turns freely around

its shaft.

o5 -

CONTINUOUS
SETTING

-~ ARROWS INDICATE

ﬂﬁm;;? Q-

INCREASING
YALUE

(a/(n/g

vy
~/ s f

~/'S S
£ W S
RIM RESISTANCE
EXPOSURE HIOTH @
MIRINUM 25 mm * dmm ¢ 25 m 50 mm TO MINIMIZE EFFECTS OF
() (1/8") (1) (2") INADVERTENT INPUT IF
Add 13 mm (1/2" )| Add 25 mm (1“)|OPERATOR SUBJECT TO
for gloves for gloves MOTION
MAX [ MUM 100 mm 23 N/A N/A 3.3 K (12 0z.)
(47) (7/8")
‘Preleried.  Some minmiacure applications may require iess.

FIGURE 9. Thumbwheel adjustnent

S



Downloaded from http://www.everyspec.com

MIL-STD-1472E

5.4.2.2.4.3 Dimensions, resistance and separation. Dimensions, resistance and separation
between adjacent swept circular areas of cranks shall conform to the criteria of Figure 10.

5.4.2.2.4.4 Folding handle. If a crank handle could become a hazard to persons passing by, or
it is critical that the handle not be inadvertently displaced by being accidentally bumped, a folding
handle type control should be used. Such a handle shall be spring-loaded to keep it extended in the
cranking position when in use and folded when not in use.

MACHINE CRANK
HANDLE R TURNING RADWUS
LOAD SPECIFICATION | L LENGTH | D, DWMETER ”&%OW R:\OEE gﬁﬁOVE
mm n_ |eom |0 lom | bn | om | in
UGHT LOADS 3
Lessthan 22 N: MINIMUM = ! 10 n » H 12 1
{5 o). (Wrist m - :
and {inger move- | PREFERRED | 38 3 1B | |® |s s | &
1
ment) MAXIMUM 75 3 1 s |18 |6 115 | 43
FEAVY LGADS: -
Morathan 22N | MINIMUM s 3 -] 1 1 | % 125 | s
(5 b). (Am —1— - -
movemaent) PREFERRED 5 R - 1
MAXIMUM - _ | s . oo 20 | 230 | e

5, DePRTAlON Detween agjacent controts /4 mm (37) mremum.

G RV Crankes
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5.4.2.2.5 Handwheels (two-hand operated).

5.4.2.2.5.1 Use. Handwheels, designed for nominal two-hand operation, should be used when
the breakout or rotational forces are too high to be easily overcome with a one-handed control,
provided that two hands are available for this task. Typical applications are steering, latch securing,
valve opening/closing, and direct-linkage adjustment.

5.4.2.2.5.2 Tuming aids. Knurling, indenting, high-friction covering, or a combination of
these shall be built into the handwheel to facilitate operator grasp for applying maximum torque and to
reduce the possibility of the wheel's being jerked from the operator's hands.

5.4.2.2.5.3 Spinner handles. For applications where the wheel may be rotated rapidly through
several revolutions, a spinner handle may be added, except where it is vulnerable to inadvertent
displacement of a critical wheel setting or if it creates a safety hazard.

5.4.2.2.5.4 Direction of movement. Except for valves (see 5.4.1.2.4), handwheels shall rotate
clockwise for ON or INCREASE and counterclockwise for OFF or DECREASE. The direction of
motion shall be indicated on the handwheel, or immediately adjacent thereto, by means of arrow and
appropriate legends.

5.4.2.2.5.5 Dimensions, resistance, displacement and separation. Control dimensions,

resistance, displacement and separation between edges of adjacent handwheels shall conform to the
criteria in Table IX.

5.4.2.2.5.6 Steering wheel shape. Except for established uses in submarines, armored combat
vehicles, aircraft, and other applications where maximum wheel deflection does not exceed
120°, all steering wheels shall be round.

5.4.2.2.5.7 Power steering failure. Steering systems shall provide sufficient mechanical
advantage to meet the force requirements of Table IX, even when the primary operating mode is power
assisted, i.e., the operator shall be able to steer the vehicle to a safe stop if power fails.

5.4.2.2.5.8 Stecring ratio. Maximum turning limits of vehicles shall be achieved with not more
than 3172 turns of the steering wheel if consistent with force limits of Table DX.

5.4.3 Linear controls.
5.4.3.1 Discrete linear controls.

5.4.3.1.1 Push buttons (finger or hand operated).

5.4.3.1.1.1 Use. Push buttons should be used when a control or an array of controls is needed
for momentary contact or for actuating a locking circuit, particularly in high-frequency-of-use
situations. Push buttons should not be used for discrete control where the functions status is
determined exclusively by a position of the switch, e.g., an on-off push button that is pressed in and
retained to turn a circuit on and pressed again to release the push button and turn the circuit off.

5431172 Shape The push button surface should be concave (indented) 1o fit the finger.
Whien this 1s impractucal, the surface shall provide a high degree of frictional resistance.

5.4.3.1.1.3 Positive indication. A positive indication of control activation shall he provided
VoL sl bedd, avdibic Chien, o mup.ni ll;;lnl;
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5.4.3.1.1.4 Channel or cover guard. A channel or cover guard shall be provided when

accidental actuation of the control must be prevented. When a cover guard is in the open position, it

shall not interfere with operation of the protected device or adjacent controls.

5.4.3.1.1.5 Dj i

.

Dimensions, resistance, displacement, and separation. Except for use of push
buttons in keyboards, control dimensions, resistance, displacement, and separation between adjacent

edges of finger or hand-operated pushbuttons shall conform to the criteria in Figure 11.

5.4.3.1.1.6 Interlocks or barriers. Mechanical interlocks or barriers may be used instead of the

spacing required by Figure 11.

DIMENSIONS RESISTANCE
DIAMETER
0 Ditferent
Fingertip Thumb or Palm | Single Finger Fingers Thumb or Paim
Minimum 9.5 mm (3/8 in.) 19 men (374 i) 28 N (10 02) 1.4 N(5o02.) 2.8 N (10 oz}
Maximum 25 mm (1 in.} 11 N (40 oz) 5.6 N (20 oz2.) 23 N (80 o)
DISPLACEMENT
A
Fingertip Thumb or Paim
Minimum 2 mm (5/64 in.) 3mm (1/8 in,)
Maximum 6mm (1/4 1n,) 38 mm (1-1/2 1)
SEPARATION
S
Single Finger Ditferent
Single Finger Sequentisl Fingers Thumb or Palm
Minimum 13 mm {1/2in.) 6 mm {1/4 in.} 6mm (1/4 in} 25 mm (Uin,}
Preferred 60 mm {2 in.) 13 mm {(1/2in.) 13mm (1/2 In)) 150 mm (6 in.}

Newe

Abeve date for barehand application

minima should be suitably adjusted.

RSN

vy
[}

Fre ninved hand operation,

Pushibutton (fAnger o hand operated)
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5.4.3.1.2 Foot operated switches.

5.4.3.1.2.1 Use. Foot-operated switches should be used only where the operator is likely to
have both hands occupied when switch actuation may be required, or when load sharing among
limbs is desirable. Because foot-operated switches are susceptible to accidental actuation, their uses
should be limited to non-critical or infrequent operations such as press-to-talk communication or
vehicle headlight dimming.

5.4.3.1.2.2 QOperation. Foot switches shall be positioned for operation by the toe and the ball
of the foot rather than by the heel. They shall not be located so near an obstruction that the operator
cannot center 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. If the switch may become wet and slippery, the switch cap
surface should provide a high degree of frictional resistance.

5.4.3.1.2.3 Dimensions, resistance and displacement. Dimensions, resistance, and
displacement of foot-operated switches shall conform to the criteria in Figure 12. While only one
switch per foot is preferred, when one foot must be used to operate more than one switch, such
switches shall be at least 75 mm (3 in) apart (horizontal); 200 mm (8 in) apart (vertical).

5.4.3.1.2.4 Feedback. A positive indication of control activation shall be provided (e.g., snap
feel, audible click, or associated visual or auditory display).

DIAMETER - RESISTANCE DISPLACEMENT

D A

Foot Will | Foot Will Heavy Ankle Total
Not Rest | RestOn | Normal Boot Flexion Leg
On Control| Control ]Operation |Operation | Only | Movement

Minimum 13 mm 18N 45 N 13 mm 25 mm 25 mm 25 mm
(1/2 In.} (4 ) (10 Idb) (172 in)) (1 in.} {1 in) (t in))

Maxtmum 90 N 90 N 65 mm 65 mm 65 mm 100 mm
{20 ) {20 1) {2-172 1n.} (212 iy (2-1/2 ind) {4 inl

FIGURE 12, Foot-operated <witches
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5.4.3.1.3 Keyboards.

5.4.3.1.3.1 Use. Arrangements of push buttons in the form of keyboards should be used when
alphabetic, numeric, or special function information is to be entered into a system.

5.4.3.1.3.2 Layout and configuration. The key configuration and the number of keys are
dependent upon the predominant type of information to be entered into the system. The major forms
that keyboards can take, which aid in the entry of such information, are given below:

a. Numeric keyboard. The configuration of a keyboard used to enter solely numeric information
should be a 3 x 3 + 1 matrix with the zero digit centered on the bottom row.

b. Alphanumeric keyboard. Keyboard configurations for entry of alphabetic and some numeric
information shall conform to MIL-STD-1280. Where entered data varies from primarily
alphabetic to primarily numeric, two alternatives are ﬂefcn'ed: Provide a keyboard of the type
shown in Figure 2 of MIL-STD-1280 (no separation between alphabetic and numeric
characters), or provide a separation to empbasize the two separate functions, with the numeric
keyboard located to the right of the standard keyboard.

5.4.3.1.3.3 Dimensions, resistance, displacement, and separation. Dimensions, resistance,
displacement and separation between adjacent edges of the pushbuttons which form keyboards shall
conform to the criteria in Table X. For a given keyboard, these criteria shall be uniform for all
individual keys. For applications requiring operation while wearing (trigger finger) arctic mittens, key
size shall be not less than 19 mm (0.75 in). Other parameters are unchanged from those of bare-
handed operation (see Table X).

5.4.3.1.3.4 Slope. The slope of nonportable keyboards should be 15 - 25° from the horizontal.
The preferred slope is 17 - 18°. The slope of a portable device should be capable of being varied
according to the preference of the operator.

5.4.3.1.3.5 Multiple keyboards. Systems containing more than one keyboard shall maintain the
same configuration for alphanumeric, numeric, and special function keys throughout the system.

5.4.3.1.3.6 Feedback Where applicable, feedback shall be provided to inform the operator that
the intended key was pressed and that the next operation may be initiated.

5.4.3.1.4 Toggle switch controls.

54.3.1.4.1 Use. Toggle switches should be used where two discrete control positions are
required or where space limitations are severe. Toggle switches with three positions shall be used only
where the use of a rotary control or legend switch control is not feasible or whea the loggle switch is
spring-loaded to a center-off position. Three position toggle switches, spring-loaded to center-off
from only one other position, shall not be used if release from the spring-loaded position results in
switch handle trave! beyond the off position. (Toggle switches are discrete position controls. For
small controls that are the same size and shape as toggle switches, but used for making continuous
adjusunents, see levers.)

54.3.1.4.2 Accidental actuauon. When preventing accidental actuation is important (i.e.,
criticat or hazardous conditions wouild resuit), channel goards, hi-to-valock switches, or videt
equivalent prevention mechanisms shall be provided. Safety or lock wire shall not be used.
Resistance of lift-to-unlock mechanisms shall not exceed 13 N (3 1b). An open cover guard shall not
interfere with the operation of the protected device or adiacent controls

.
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TABLE X. Keyboards

Dimensions Resistance
Diameter (D)’
Barehand | Arctic mittens>|  Numeric Alpha- | 1y ) Function
numeric
Minimum 10 mm 19 mm 1N 025N 0.25 N
Maximum 19 mm 4N 15N 1.5N
Preferred 13 mm 19 mm 0.5-06N
Displacement Se jon
Alpha- Dual (between adjacent key tops)
Numeric numeric Function
Minimum 0.8 mm 1.3 mm 0.8 mm 6.4 mm
Maximum 4.8 mm 6.3 mm 4.8 mm
Preferred 6.4 mm
rSee Figure 11
2’I’n’ggcr finger type
— Dimensions Resistance
Diameter (D)
Barehand | Arctic mitte:ns2 Numeric Alpha- Dual Function
numeric
Minimum 0.385in 0.751in 350z 090z 09 o0z
Maximum 0.751in 14.0 oz 5§30z 530z
Preferred 0.51n 0.75in 18-2202
Displacement Separation
Alpha- Dual (between adjacent key tops)
Numeric numeric Function
Minimum 0.03 in 0.051in 0.03 in 0.25in
Maximum 0.191n 0.25in 0.191in
Preferred 0.25 in.

]Scc Figure 11

2'!‘rigger finger type

5 4.3 1.4.3 Dimensions, resistance, dispiacement, and sepaiation. Dimensions, resistance,
displaceticnl, wd scparation between adjacent edges of toggle switches shall conform to the critenia in
Figure 13. Resistance should gradually increase, then drop when the switch snaps mto postion. The
swaichs ahiatl nict be capeble of heing stopped hetween positions.

R
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5.4.3.1.4.4 Positive indication. An indication of control actuation shall be provided (e.g., snap
feel, audible click, or associated or integral light).

\"\A»
9
f(. —_—

l»-s

—

| L
DIMENSIONS RESISTANCE
L D
Arm Length Control Tip Small Switch Large Switch
Use by bare Use with heavy
finger handwear
Minimum [1Smm(1/2in) [38mm (1-1/2in) [3mm(18in) 28BN (100z) }2.8N (10o02)
Maximum |50 mm (2 in) 50 mm (2 in) 25mm(iin) |45N (16 02) 11 N (40 02)
DISPLACEMENT BETWEEN POSITIONS
Two Position Three Position 1
Minimum 30° 17°
Maximum 80° 40°
Preferred - 25°
SEPARATION, S
Single Finger Operation Single Finger Simultaneous Operation
Normal Lever Lock Switch | Seguential Operation by Different Fingers
Minimum 19 mm (3/4 in) 25 mm (1in) 13 mm (1/2 in) 16 mm (5.8 in)
Optimum 50 mm (2 in) 50 mm (2 in) 25 mm (1 in) 19 mm (3/4 in)

FIGURE 13. Toggle switches

5.4.3.1.4.5 Qrientation. Toggle switches should be vertically oriented with OFF in the
down position. Horizontal orientation and actuation of toggle switches shall be used only for
compatibility with the controlled function or equipment location.

5.4.3.1.5 Legend swilches.
5.43.1.5.1 Di

displacement, and separation between adjacent edges of legend

paration. Dimensions, resistance,
| switches shall conform to the criteria

in Figure 14, except that maximum switch separation does not apply to non-matrix applications.

5.4.3.1.5.2 Barrier beight. Barrier height from panel surface shall conform to the criteria in
Figure 14. Unless otherwise specified, barriers are required on critical switches and on switches
likely to be inadvertently actuated. Barriers, when used, shall not obscure visual access to controls,
labels or displays, and shall have rounded edges.

5.4.3.1.5.3 Qther requirements.

a For positive indication of switch actuation, the legend switch shall be provided with a detent
or chick. When touch sensitive switches are used, a posttive indication of aciuation shain be
provided, ¢.¢., an integral light within or above the switch being actuated
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b. The legend shall be legible with or without internal illumination.

c. A lamp test or dual lamp/filament reliability shall be provided for switches if the mean time

between failure is less than 100,000 hrs.

d. Lamps within the legend switch shall be replaceable from the front of the panel by hand and
the legends or covers shall be keyed to prevent the possibility of interchanging the legend

covers,

e. A legend plate shall not contain more than three lines of lettering.

s, 8y A BARRIERS
Size DISPLACEMENT RESISTANCE
8, ad
Minimum 19 ’mem* Slm" 3 men 5 mm 2.8 N°°*
(70} nl V8 in) (378 4n)  JQIN16 Inl 10 or.}
Maximum 38 mm B mm 6 mm 6mm 16.7 N
[(ARTF TN /4 In) 4 /4 ) (60 oz.)

*1Smm (5/8 in.) whers switch s not depressed below ths panel.

T e 14010 1. (8r POuIwE PORIEn Switohes
**°6.6 N {20 01.) for ute In moving vehicler,

NOTE: Bw also refen to switch saparation,

FIGURE 14. Legend switch
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5.4.3.1.6 Rocker switches.

5.4.3.1.6.1 Use. Rocker switches may be used in lieu of toggle switches for functions
requiring two discrete positions. They may be used for applications where toggle switch handle
protrusions might snag the operator's sleeve or phone cord, or where there is insufficient panel space
for separate labeling of switch positions. Rocker switches with three positions shall be used only
where the use of a rotary control, or legend switch control is not feasible or when the rocker switch is
of the spring-loaded center-off type.

5.4.3.1.6.2 Accidental actuation. When accidental actuation must be prevented to avoid critical
or hazardous conditions, channel guards or equivalent protection shall be provided.

5.4.3.1.6.3 Positive indication. An indication of control actuation shall be provided (e.g., snap
feel, audible click, associated or integral light).

5.4.3.1.6.4 Dimensions, resistance, displacement and separation. Dimensions, resistance,
displacement and separation between centers of rocker switches shall conform to the criteria in Figure
15. Resistance should gradually increase, then drop when the switch snaps into position.
The switch shall not be capable of being stopped between positions.

5.4.3.1.6.6 Orentation. Where practicable, rocker switches shall be vertically oriented.
Actuation of the upper wing shall tum the equipment or component on, cause the quantity to
increase, or cause the equipment of component to move forward, clockwise, to the right or up.
Horizontal orientation of rocker switches shall be employed only for compatibility with the controlled
function or equipment location.

5.4.3.1.6.7 Color and illumination. Alternate colors may be used to denote the ON and OFF
portions of a rocker switch. Alternate illumination of either the ON or OFF switch position may be
used to facilitate positive recognition of current switch position. For other color coding, see
5.2.2.1.18. Where ambient illumination will provide display luminance below 3.5 cd/m2 (1 Ft-L), the
rocker switch shouid be internally illuminated. Digits and letters shall appear as illuminated characters
on an opague background and their dimensions should approximate the following:

a. Height: 4.8 mm (3/16")
b. Height-to-Width Ratio: 3:2
c. Height-to-Stroke-Width Ratio: 10:1

5.4.3.1.7 Slide switch controls.

5.4.3.1.7.1 Use. Slide switch controls may be used for functions which require two discrete
positions. Slide switch controls may also be used for functions which require a higher number of
discrete positions in which the switches are arranged in a matrix to permit easy recognition of relative
switch settings (e.g., audio settings across frequencies), but shall not be used where mispositioning is
to be avoided.

5.4.3.1.7.2 Accidental actuation. See 5.4.3.1.6.2.

5.4.3.1.7.2 Dimensions, resistance, and separation  Dimensions, resistance and separation of
slide switch handles shall conform to criteria in Figure 16. Detents shall be provided for each
controt setting. Kesistance shouid gradusatly meresse, then diop when the switvh siaps o pusilivii.
The switch shall not be capable of stopping between positions.

[$15}
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YAy ¥
STANDARD ROCKER SWITCH: NARROW WIDTH, ESPECIALLY
USE AS ALTERNATE TWO-POSN DESIRABLE FOR TACTILE
TOGGLE SWITCH TO PROVIDE DEFINITION WITH GLOVES.

LABELING SURFACE, EASE OF
COLOR CODING, SWITCH
ILLUMINATION.

ALTERNATE (CONTRAST) COLOR
FOR ON VERSUS OFF TO PROYIDE
CONSPICUOUS CUE OF SWITCH
POSITION. ILLUMINATED “ON*
DESIRABLE AS SECOND FEEDBACK

CUE.
DINENSIONS ) RESISTANCE
W, WIDTH L, LENGTH |
MINIMUM 6 mm (1/4%) 13 mm (1/2") 2.8 N (10 oz2.)
MAXIMUM 11 N (40 oz.)
SEPARATION
DISPLACEMENT (Center-to-Center)
H, HT, DEPRESSED A, ANGLE S (Bare Hand) S (Gloved Hand)
MINIMUM 3 mn (1/8") 530 mrad (30°) | 19 mm (3/8%) 32 mm (1-178%)

FIGURE 15. Rocker switches
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DIMENSIONS RESISTANCE

H W SMALL LARGE
ACTUATCR HEIGHT . ACTUATOR WIDTH | SWITCH SWITCH
* *

MINIMUM 6 mm (1/4") 13 mm {1/2") 6 mm (1/8") [2.8N(100z)R.8N(1002)

MAXIMUM -- -- 25 mm {1%) A.5N (16 oz_)HT N (40 oz.)

SEPARATION, S

SINGLE FINGER SINGLE FINGER SIMULTANEOUS OPERATION
OPERATION SEQUENTIAL OPERATION BY DIFFERENT FINGERS

MINIMUM 19 mm (3/4") 13 mm (1/2) 16 mm (5/8")

OPTIMUM 50 mm (2) 25 ma (") 19 mm (3/4%)

*Use by bare finger.
**Jse with heavy handwear.

FIGURE 16. Slide switches

5.4.3.1.7.4 Qrientation. Slide switches should be vertically oriented with movement of the
slide up or away from the operator turning the equipment or component on, causing a quantity to
increase, or causing the equipment or component to move forward, clockwise, to the right or up.
Horizontally oriented or actuated slide switches shall be used only for compatibility with the
controlled function or equipment location.

5.4.3.1.7.5 Positive indication. Slide switches with more than two positions shall provide
positive indication of control setting, preferably a pointer located on the left side of the slide handle.

5.4.3.1.8 Discrelc push-pull controls.
5.4.3.1.8.1 Applicauons. Push-Pull controls may be used when two discrete tuncuons are o
be selected. However such applications should be used sparingly and for applications in which such

contigurations are typcally expected. hey may also be used in certamn cases where himited panet
space suagests a mintaturized knob that may he nsed to cerve twe related, but distine' functions @ ¢

AN
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an ON-OFF/Volume switch for a TV monitor). A three-position push-pull control may be used only
where inadvertently selecting the wrong position has no serious consequences (e.g., older vehicle
headlight controls--Off/Park/Headlight-with integrated rotary panel light and dome light switches).

5.4.3.1.8.2 Handle dimensions, displacement and clearances. Push-Pull control handles shall
conform to criteria in Table X1.

5.4.3.1.8.3 Rotation. Except for combination push-pull/rotate switch configurations (e.g., the
handle is rotated to disengage the brake setting), push-pull control handles shall be keyed to a non-
rotating shaft. When the control system provides a combination push-pull/rotate functional operation,
using a round style knob, the rim of the knob shall be serrated to denote (visually and tactually) that the
knob can be rotated, and to facilitate a slip-free finger grip.

5.4.3.1.8.4 Detents. Mechanical detents shall be incorporated into push-pull controls to provide
tactile indication of positions.

5.4.3.1.8.5 Snagging and inadvertent contact. Use, location, and operating axis of push-pull
type controls shall preclude the possibility of the operator's:

a. bumping a control while getting into or out of position (as in a vehicle),
b. snagging clothing, communication cables, or other equipment items on the control, or
c. inadvertently deactuating the control setting while reaching for another control.

5.4.3.1.8.6 Direction of control motion. Control direction shall be as follows:

a. Pull towards the operator for ON or activate; push away for OFF or deactivate.
b. Rotate clockwise to activate or increase a function of combination pull/rotary switches.

5.4.3.1.8.7 Resistance. Force for pulling a panel control with fingers should be not more than
18 N (4 1b); force for pulling a T-bar with four fingers should be not more than 45 N (10 Ib).

5.4.3.1.9 Printed circuit (PC) switch controls.

5.4.3.1.9.1 Use. PC switches may be used when manual programming functions are required
in systems employing printed circuit boards.

5.4.3.1.9.2 Dimensions, resistance, displacement and separation. Dimensions, resistance,
dispiacement and separation between adjacent PC switch actuators shall conform 1o the following:

a. Actuators shall be sufficiently large to permit error-free manipulation by the operator when
using some commonly available stylus (c.g., pencil or pen). The actuators shall not require
the use of a special tool for manipulation.

b. Resistance shall be sufficiently high to avoid inadvertent actuation under expected
use conditions. Resistance should gradually increase, then drop when the actuator snaps into
position. The actuator shut not be eapable of Moppthg belween positions.

c. Slide-type actuators shall have sufficient travel (displacement) to pcfmit immediate

recognition of switch <etting. The travel should be not less than twice actuator length. When
actuators arc rocker-type, the actuated wing shall be flush with the surface of the module.

G4
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d. Actuators shall have sufficient separation to permit error-free manipulation by the operator
(i.e., the stylus cannot inadvertently contact adjacent actuators).

5.4.3.1.9.3 Shape. The surface of the actuator shall be indented to accept the point of the
stylus. The indentation shall be sufficiently deep to avoid slippage of the stylus during manipulation.

5.4.3.2 Continuous adjustment linear controls.

5.4.3.2.1 Levers.

5.4.3.2.1.1 Use. Levers may be used when high forces or large displacement are involved or
when multidimensional movements of controls are required.

be coded.

5.4.3.2.1.3 Labeling. When practicable, al} levers shall be labeled as to function and direction
of motion.

: 5.4.3.2.1.4 Limb support. When levers are used to make fine or continuous adjustments,
support shall be provided for the appropriate limb segment as follows:

a. For large hand movements: elbow
b. For small hand movements: forearm
¢. For finger movements: wrist.

5.4.3.2.1.5 Dimensions. The length of levers shall be determined by the mechanical advantage
needed. The diameter of spherical lever or grip handles shall conform to the criteria in Figure 17.

5.4.3.2.1.6 Resistance. Lever resistance shall be within the limits indicated in Figure 17,
measured as linear force applied to a point on the handle. (NOTE: The right hand can supply slightly
more force than the left, but the difference is not 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 in) from the median plane. When the control is in front of the opposite (unused) arm
only 75 percent as much force can be applied. When the control is 250 - 480 mm (10 - 19 in) forward
of the neutral seat reference point, twice as much push-pull force can be applied with two hands as
with one-hand. Outside this range two-hand operation becomes less effective.)

5.4.3.2.1.7 Displacement and separation. Control displacement (for the scated operator) and
separation shall conform to the criteria in Figure 17.

5.4.3.2.2 Displacement (isotomc) foysticks. Displacement joysticks usually have a spring
resistance to movement away from the center (null) position, although some have no spring. Joystick
controls may be used when the task requires precise or continuous control in two or more related
dimensions. (The term "joystick" is used here to refer primarily to controls used for cursor placement
or precise adjustment.) When posmoning aceuracy ie soke ciilical than pasitianing speed,
displacement joysticks should be selected over isometric joysticks. Displacement joysticks may also
be used for various display functions such as data pickoff from a CRT and generation of free-drawn
graphics. In rate control applications, which attow the foltower (cursor o1 acking symbol) to transit
beyoid the edge of the display, indicatore shall he provided to aid the operator in bringing the follower
back onto the display. Displacement joysticks used for rate control should be spring-loaded for return
iv the center when the hand is remaved  Displacement jovsticks which have a deadband near the center
or hvsteresis shall not be used with automatic sequencing of a CRT

M
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Prelerrad 100 me (€ in.} 125 mven (S In)
Moximum 360 rvm 970 mm

(14 In) (38 in.)

FIGURE 17. Lever

follower (cursor or tracking symbal) ualess they are instrumeated for null return or zero-set to the
instantaneous position of the stick at the time of sequencing. Upon termination of the automatic
sequencing routine, joystick center shall again be registered to scope center. (Displacement joysticks
usually require less force than isometric joysticks and are less fatiguing for long operating periods.)

5.4.3.2.2.1 Hand operated displacement joysticks

5.4.3.2.2.1.1 Specific Use. In addition to gencral use, hand operated displacement joysticks
may b umed 1o contiol velicles aid aith sciaors. Such joysticks may be used as mounting platferms
for secondary controls. such as thumb and finger operated switches. (Operation of secondary controls
has less induced error on the displacement hand grip than does isometric handgrips.)

5.4.3 2.2 12 Dynamic charactenstics  Movement shall nat exceed 457 trom the center position
Ll il be smooth in all directions.  Postticning of o follower shall be attainable without noticeable
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backlash, cross-coupling, or need for multiple corrective movements. Control ratios, friction, and
inertia shall meet the dual requirements of rapid gross positioning and precise fine positioning. When
a joystick is used for generating free-drawn graphics, the CRT refresh rate shall be sufficiently high to
display the follower as a continuous track. Delay between control movement and the confirming
display response shall be minimized and shall be not more than 0.1 second.

5.4.3.2.2.1.3 Dimensions, resistance, and clearance. The hand grip length should be 110 - 180
mm (4.3 - 7.1 in). The grip diameter shall be not more than 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. Joysticks
shall be mounted to provide forearm support. Modular devices shall be mounted to allow actuation of
the joystick without slippage, movement, or tilting of the mounting base.

5.4.3.2.2.2 Finger operated displacement joysticks

5.4.3.2.2.2.1 Specific use. In addition to general uses, finger operated displacement joysticks
are useful for free-drawn graphics. In this application, there is usually no spring retum to center, and
the resistance should ve sufficient to maintain the handle position when the hand is removed.

5.4.3.2.2.2.2 Dynamic characteristics. Dynamic characteristics shall conform to 5.4.3.2.2.1.2.
Recessed mounting or pencil attachments may be utilized as indicated in Figure 18, to provide greater
precision of control.

. 5.4.3.2.2.2.3 Dimensions, resistance, and clearance. The joystick should be mounted on a
desk or shelf surface as shown in Figure 18. Joysticks shall be mounted to provide forearm or wrist
support. Modular devices shall be mounted to allow actuation of the joystick without slippage,
movement, or tilting of the mounting base.

5.4.3.2.2.3 Thumbtip/fingertip operated displacement joysticks.

5.4.3.2.2.3.1 Specific use. Thumbtip/fingertip operated joysticks may be mounted on a
handgrip, which serves as a steady rest to damp vibrations and increase precision. If so mounted, the
hand grip shall not simultaneously function as a joystick controller.

5.4.3.2.2.3.2 Dynamic characteristics. Movement shall not exceed 45° from the center position.

5.4.3.2.2.3.3 Dimensions, resistance, and clearance. Joysticks shall be mounted to provide
wrist or hand support. Console mounted devices shall be mounted as shown in Figure 18. Modular
devices shall be mounted to allow actuation of the joystick without slippage, movement, or tilting of
the mounting base.

5.4.3.2.3 lsometric joystick (two axis contrallers). (Also known as stiff stick, force stick, or

pressure stick. The control has no perceptible movement, but its output is a function of the force
applied.) Isometric joysticks may be used for tasks requiring precise or continuous control in two or
more related dimensions and are particularly appropriate for applications: (1) which require precise
return to center after each use, (2) in which operator feedback is primarily visual rather than tactile
feedback fram the control itself, and (3) where there is minimal delay and tight coupling between
control and input and system reaction. Isometric sticks should not be used in applications that require
the operator to maintain a constant force on the control for a long period of time or that provide no
detmitive teedback when maxtmem conrtiol ipuls have becn excecded. Isometric jaysticks may be
nsed when the task requires precise or continuous control in two or more related dimensions. When
positioning speed is more critical than positioning accuracy, isometric joysticks shoutd be sefected over
displacement jovsticks. 1sometric jovsticks may also be used for vanous display functions such as
data pickoff from a CRT. In rate control applications, which may atiow the
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?— PENCIL ATTACHMENT

*Maximum stick excursion plus 00 mm (47).

FIGURFE 1% Isotonic jovsticks

71

T~ RECESSED
MOUNT ING
DIMENSIONS RESISTANCE |DISPLACEMENT CLEARANCE
S c F
ofim LEJhTH A DISPLAY CL| AROUND |STICK CL TC
T0 STICK CL| STICK ISHELF FRONT}
MINIMUM | 6.5mm | 75 mm 3.3 N 0 . 120 nwm
(174") | (3") (12 0z.) (4-3/4")
MAXIMUM | 16 mm | 150 mm 8.9 N Frad (45°) | 800 mm 250 mm
(s/8") 1 (6™) (32 0z.) (15-3/4") (9-7/8")
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follower (cursor or tracking symbol) to transit beyond the edge of the display, indicators shall be
provided in order to aid the operator in bringing the follower back onto the display.

5.4.3.2.3.1 Hand-operated.

5.4.3.2.3.1.1 Specific Use. In addition to general use, hand-operated isometric joysticks may
be used as vehicle controllers, aiming sensors, and mounting platforms for secondary controls, such
as thumb- and finger-operated switches. (Operation of secondary controls has greater induced error on
the isometric hand grip than does displacement handgrip joysticks.)

5.4.3.2.3.1.2 Dynamic characteristics. Maximum force for full output shall be not more than
118 N (26.7 1b).

5.4.3.2.3.1.3 Dimensions, resistance, and clearance. Dimensions, resistance, and clearance
shall conform t0 5.4.3.2.2.1.3.

5.4.3.2.3.2 Finger operated. Dimensions, resistance, and clearance shall conform to
5.4.3.2.2.3.3.

5.4.3.2.3.3 Thumbtip/fingertip operated.

5.4.3.2.3.3.1 Specific use. Thumbtip/fingertip operated joysticks may be mounted on a
handgrip, which serves as a steady rest to damp vibrations or increase precision. If so mounted, the
hand grip shall not simultaneously function as a joystick controller.

5.4.3.2.3.3.2 Dimensions, resistance and clearance. Dimensions, resistance, and clearance
shall conform to 5.4.3.2.2.3.3.

5.4.3.2.4 Ball control (Also known as track ball, ball tracker, joyball, and rolling ball.)

5.4.3.2.4.1 Use. A ball control suspended on low-friction bearings may be used for various
control functions such as data pickoff on a display. The ball coatrol cannot provide an automatic
return to point of origin, hence if used in applications requiring automatic return to origin following an
entry or readout, the interfacing system must provide this. Because the ball can be rotated without
limit in any direction it is well suited for applications where there may be accumulative travel in a given
direction. If an application allows the ball to drive the follower on the display off the edge of the
display, indicators shall be provided to advise the operator how to bring the follower back onto the
display. Ball controls should be used only as position controls (i.e., a given movement of a ball
makes a proportional movement of the foliower on the dispiay).

3.4.3.2.4.2 Dynamic obarasteristics. The ball control shall be capable of rotation in any
direction so as to generate any combination of x and y output values. When moved in either the x or y
directions alone there shall be no appareat cross-coupling (follower movement in the orthogonal
direction). While manipulating the control, neither backlash nor cross-coupling shall be apparent to the
operator. Control ratios and dynamic features shall meet the dual requirement of rapid gross
positioning and smooth, precise fine positioning.

5.4.3.2.4.3 Limb support. When trackball controls are used 1o make precise or continuous
adjustments, wriIst sSupport or arm support or both shall be provided. (See 5.4.3.2.1.4.)

5.4.3.2.4.4 Dimensions, resistance and clearance. Dimensions, resistance, and clearances
should conform ta the eriteria in Figure 19 The smaller diameter ball contrals should be used only
where space availability is very limited and when there is no need for precision. Preferred mounting 1
on a shelf or desk top (see Figure 19)
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DIMENSIONS RESISTANCE CLEARANCE
A VIBRATION S c F
DIDAM SURFACE PRRE%CUIISRIE%" OR ACCEL | DISPLAY CL | AROUND | BALL TO
EXPOSURE CONDITIONS | 7O BALL CL | BALL  [SHELF FRONT

MINIMUM | SO mm 0 50 nm 120 nm

(2") 1009 (2*) (4-3/4")
MAXIMUM {150 mm 1.0 N 1.7 N 320 mm 250 mm

(6") 1400 (3.6 0z.) | (6 0z.) (12-5/8") (9-3/4")
PREFERRED| 100 mm 0.3 N

(4" 1200 | (1.1 0z.)

FIGURF 19 Ball controls
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5.4.3.2.5 Grid-and-stylus devices. The following provisions cover techniques that use a means
of establishing an x and y grid and a stylus for designating specific points on that grid for control
purposes (e.g., time-shared x and y potential grids and a voltage-sensitive stylus).

5.4.3.2.5.1 Application. Grid and stylus devices may be used to pick off data from a CRT,
enter points on a display, generate free-drawn graphics, and similar control applications. The grid may
be on a transparent medium allowing stylus placement directly over corresponding points on
the display or it may be displaced from the display in & convenient position for stylus manipulation. In
either case a follower (bug, mark, hook) shall be presented on the display at the coordinate values
selected by the stylus. Devices of this type should be used only for zero order control functions (i.e.,
displacement of the stylus from the reference position causes a proportional displacement of the
follower).

5.4.3.2.5.2 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 the corresponding coordinates
and to remain there as long as the stylus is not moved. Refresh rate for the follower shall be
sufficiently high to ensure the appearance of a continuous track whenever the stylus is used for
generation of free-drawn graphics.

5.4.3.2.5.3 Dimensions and mounting. Transparent grids which are used as display overlays
shall conform to the size of the display. Grids which are displaced from the display should
approximate the display size and should be mounted below the display in an onentation to preserve
directional relationships to the maximum extent (i.e., a vertical plane passing through the north/south
axis on the grid shall pass through or be parallel to the north/south axis on the display).

5.4.3.2.6 Mouse (Free-moving XY controller)

5.4.3.2.6.1 Application. A mouse may be used on any flat surface to generate x and y
coordinate values which control the position of the follower on the associated display. It may be used
for data pickoff or for entry of coordinate values. It should be used for zero order control only (i.e.,
generation of x and y outputs by the controller results in proportional displacement of the follower). It
should not be used for generation of free-drawn graphics.

5.4.3.2.6.2 Dynamic characteristics. The characteristics of the mouse and placement of the
maneuvering surface shall allow the operator to consistently orient the mouse to within 10° of the
correct orientation without visual reference to the controller (e.g., when the operator grasps the mouse
in what seems to be the correct orientation and moves it rectilinearly along what is assumed to be
straight up the y axis, then the direction of movement of the follower on the CRT shall be between 350
and 10*). The mouse shaii be easity movable in any direction without a change of hand grasp and shaii
result in smooth movement of the follower in the same direction £10°. The controller shall be operable
with either the left or right hand. A complets excursion of the mouse from side-lo-side of the
maneuvering area shall move the follower fram side-to-side on the display regardless of scale setting
or offset unless expanded movement is selected for an automatic sequencing mode of operation. If the
controlier can drive the follower off the edge of the display, indicators shall be provided to assist the
operator in bringing the follower back onto the display.

5.4.3.2.6.3 Dimensions and shape. The mouse shall have no sharp edges but shall be shaped
roughly as a rectangular solid, with limiting dimensions as follows.

Minimum Maximum
Width (spanned by thumb to finger grasp) 40 mm (1.6 in) 70 mm (2.8 in)
I.ength 70 mm (2.8 in) 120 mm (4.7 1)
Thickness 25 mm (1 Oin) 40 mm (1.6.1n)
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5.4.3.2.7 Lightpen.

5.4.3.2.7.1 Use. A light pen may be used as a track-oriented readout device. (It may be
positioned on the display screen to detect a computer-generated track by sensing its refresh pattern; the
display system will then present a follower (hook) on the designed track. With suitable additional
circuitry, a follower can be made to track the movement of the light pen across the screen surface, thus
allowing it to function as a two-axis controller capable of serving the same purposes as the grid and
stylus devices of 5.4.3.2.5.1.)

5.4.3.2.7.2 Dynamic characteristics. When used as a two-axis controller, light pen dynamic
characteristics shall conform to paragraph 5.4.3.2.5.2.

5.4.3.2.7.3 Dimensions and mounting. The light pen shall be 120 - 180 mm (4.7 - 7.1 in) long
with a diameter of 7 - 20 mm (0.3 - 0.8 in). A convenient clip shall be provided at the lower right side
of the CRT to hold the light pen when it is not in use.

5.4.3.2.8 Pedals.

5.4.3.2.8.1 Use. Pedal controls should be used only where the operator is likely to have both
hands occupied when control operation is required, control system force is too high for manual force
capability of the operator, or standardized use of pedals has created a stereotype expectancy (e.g.,
vehicle pedal controls such as clutches, brakes, accelerators, and rudders).

5.4.3.2.8.2 Location. Pedal controls shall be iocated so that the operator can reach them easily
without extreme stretching or torso twisting and can reach the maximally-displaced pedals within
anthropometric limits and force-capabilities (see Figure 20). Pedals that may be held or must be
adjusted (e.g., accelerator, clutch) shall be located so the operator can "rest” and "steady” the foot,
i.e., the pedal shall be an appropriate critical distance above the floor so the operator's heel can rest on
the floor while articulating the ankle/foot. When this cannot be done (and the pedal angle is more than
20° from the horizontal floor, a heel rest shall be provided.

5.4.3.2.8.3 Control return. Except for controls which generate a continuous output, (e.g.,
rudder controls) pedals shall retumn to the original null position without requiring assistance from the
operator (¢.g., brake pedal). Where the operator’s foot may normally rest on the pedal between
operations, sufficient resistance shall be provided to prevent the weight of the foot from inadvertently
actuating the control (e.g., accelerator pedal).

5.4.3.2.8.4 Pedal travel path. The travel path shall be compatible with the natural articulation
path of the operator’s limbs (i.e., thigh, knee, ankle).

5.4.3.2.8.5 High force application aids. When high forces are required to fully actuate a pedal,
appropriate aids shall be provided to assist the operator in apptying maximum force, €.g., (2) s6at
backrest, (b) doubie-width pedal so that both feet can be used, (c) optimized seat heighi-io-pedal and
normat reach distance for maximum force, where the seat reference point and pedal are at the same
height and reach distance is configured so the angle between the upper thigh and lower leg is
approximately 160° (see Figure 22).

5.4.3.2.8.6 Non-slip pedal surface. Pedals used for high force applications shall be provided
with a non-skid surface. Similar surfaces are desirable for all pedals.

5.432.87 ions. resistance. displacement and separation. Dimensions. resistance.
displacement and separation of pedals shall conform to the cnitena in Figure 20.
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It S

OIMENSIONS DISPLACEMENT
H w A
Hermel Heevy Ankle Toteal Le
Helgh widih QOparation Bosts Flexion lhv-ov:
Minimum 2Zmm(tind | 768mm (31n) PNImm172i0)] 28mm i ing | 25mm {1in) | 26 mm (1 1n,)
Mosimum Ismm 121/21n N 88mm 2-1/2 InJ66mm (21/2)n] 180 mm (7 )
RESISTANCE
Foet Not Rasting fFoot Resting Ankle Total Leg
on Pedel on Pedol Flesion Only e vemeont
Minimum 18 N (4 td) 45 N (10 1t} 45 N (10 1b)
Moximum 90 N (20 1t) 90 N (20 i) 45 N {10 1b) 800 N (180 ib)
SEPARATION
H
One Feet Random One Fost Sequential
Minisom 100 o (4 W0} 80 mn {210}
Peelorrad 160 mm {6 in.) 100 mm {4 0}

FIGURE 20. Pedals

5.4.4 High-force controls.

5.4.4.1 Use. In general, controls requiring operator forces exceeding the strength limits of the
lowest segment of the expected user population shall not be used. In addition, high force controls
shall not be used except when the operator's nominal working position provides proper body support
or limb support or both, e.g., seat backrest, foot support. Sustained (i.e., durations longer than
3 seconds) high force requirements shall be avoided.

5.4.4.2 Arm hand, and thumb-finger controls. Where arm, hand and thumb-finger controis

requiring high control forces are to be used, the maximum force requirements shall not exceed those
specified tn Figure 21, and should be corrected, where applicable, for temales. (1 wo thirds ot each
value shown is considered to be a reasonable adjustment.) (See Table 1)
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ARM STRENGTH (N)

() (2) (3) (a (s) t6) (7
DEGREE OF ELBOW PULL PUSH ur DOWN IN ouT

FLEXION

(deg) te| Rl tRjL R }L|R LR L|R
180 222 | 231 |187 |222 | 40 | 62 |68 | 76 [ 68 | 88 | 36 | 62
150 187 | 249 {133 {187 | 67 | 8o |80 | 89 | 67 | 89 | 36 |67
120 151 | 187 |116 160 | 76 | 107 [ 93 {116 | 89 |98 | 45 | 67
90 142 | 165 | 98 |160 | 76 | 89 |93 116 | 71 |80 |45 | 71
60 116 1107 | 98 |161 | 67 | 8o {80 | 89 | 76 |89 {53 | 76

HAND, AND THUMB-FINGER STRENGTH N)

(8) (9) (10}
HAND GRIP
THUMB-FINGER THUMB-FINGER
L R GRIP (PALMER) GRIP (TIPS)
MOMENTARY HOLD 250 260 60 60
SUSTAMED HOLD 145 165 35 35

¢ = Left; R = Right.

FIGURE 21. Arm, hand, and thumb-finger strength (5th percentile male data)
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5.4.4.3 Foot controls. Where foot controls require high control forces, the push force exerted
by the leg depends on the thigh angle and the knee angle. Figure 22 specifies the mean maximum
push at various knee and thigh angles. The maximum push is at about the 160° angle, referred to as
the limiting angle. The values of Figure 22 apply to males only and should be corrected for females.
(Two-thirds of each value is considered to be a reasonable adjustment.) (See Table 1.)

5.4.5 Miniature controls

5.4.5.1 Use. Miniature controls may be used only when severe space limitations exist.
Miniature controls shall not be used when available space is adequate for standard-sized controls or
when heavy gloves or mittens will be wom.

. sistance placement and separation. Whea design constraints dictate
the use of miniature controls, the dimensions and separation of the controls shall be the maximum
permitted by the available space up to the maxima prescribed herein for standard-sized controls.
Resistance and displacement of miniature controls should conform to the criteria specified for the
standard size of that type of control.

5.4.5.3 Other requirements. Other design considerations (e.g., labeling, orientation) shall
conform to the requirements specified for the standard size of the control.

2500
2000}~
=
o
g
g THIGH ANGLE {(a)
= 1500}
2 1 -15-6€°
E 2 +5 AND 10°
w 3 -
% 1o00|- 165 - 19°
=~ 4 33 -38°
3]
a 5 48 — 49°
w
a
£ oo} LIMITING ANGLE
-rS"‘//
/ l— KNEE STRAIGHT
0 R l

60 80 100 120 140 160 180
KNEE-ANGLE (f), DEGREES

FIGURE 22 Leg strength at various knee and thigh angles (Sth percentile male data)
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5.4.6 Touch-screen controls for displays

5.4.6.1 Use. Touch-screen control may be used to provide an overlaying control function to a
data display device such as CRTs, dot matrix/segmented displays, electroluminescent displays,
programmable indicators, or other display devices where direct visual reference access and optimum
direct control access are desired.

5.4.6.2 Luminance transmission. Installed touch-screens shall have sufficient luminance
transmission to allow the display to be clearly readable in the intended environment and meet the
display luminance requirements herein.

5.4.6.3 Positive indication. A positive indication of touch-screen actuation shall be provided to
acknowledge the system response to the control action.

5.4.6.4 Dimensions and separation. The dimensions and separation of responsive areas of the
touch-screen shall conform to $¢, S, and B, of Figure 14.

5.4.6.5 Resistance. Force required to operate force-actuated touch-screens shall conform to the
alphanumeric resistance limits of Table X.

5.4.6.6 System Display Response Time. System display response time shall be not more than
0.25 seconds.
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5.5 Labeling
5.5.1 General

5.5.1.1 Application. Labels, legends, placards, signs, markings, or a combination of these
shall be provided whenever personnel must identify items (except where it is obvious to the observer
what an item is and what he or she is to do with it), interpret or follow procedures or avoid hazards.

5.5.1.2 Label characteristics. Label characteristics shall be consistent with required accuracy of
identification, time available for recognition or other responses, distance at which the labels must be
read, illuminant level and color, criticality of the function labeled, and label design practices within and
between systems.

5.5.2 Orentation and location.

5.5.2.1 Orientation. Labels and information thereon should be oriented horizontally so that they
may be read from left to right. Vertical orientation may be used only when labels are not critical for
personnel safety or performance and where space is limited. When used, vertical labels shall read
from top to bottom.

5.5.2.2 Location. Labels shall be placed on or very near the items which they identify, so as to
eliminate confusion with other items and labels. Labels shall be located so as not to obscure any other
information needed by the operator. Controls should not obscure labels.

5.5.2.3 Standardization. Labels shall be located consistently throughout the system.
5.5.3 Contents.

5.5.3.1 Equipment functions. Labels should primarily describe the functions of equipment
items. Engineering characteristics or nomenclature may be described as a secondary consideration.

5.5.3.2 Abbreviations. Abbreviations shall conform to MIL-STD-411 or MIL-STD-783, as
applicable. If a new abbreviation is required, its meaning shall be obvious to the intended reader.
Periods shall be omitted except when needed to preclude misinterpretation. The same abbreviation
shall be used for all tenses and for singular and plural forms of a word.

5.5.3.3 Imelevant information. Trade names and other irrelevant information shall not appear on
labels or placards.

5.5.4 Qualities.

5.5.4.1 Brevity. Labels shall be unambiguous and as concise as possible without distorting the
intended meaning or information. Redundancy shall be minimized. Where a general function is
obvious, only the specific function shall be identified (e.g., “rpm” rather than “engine rpm”).

5.5.4.2 Familiarity. Words should be familiar to the operator. For specific users (e.g.,
maintainers), common technical terms may be used even though they may be unfamiliar to nonusers.
Abstract symbols (e.g., squares and Greek letters) shall be used only when they have an accepted
meaning to al! imended readers. Common, meanmgtul symbols te:g.. % and +) muy be used.

5.5.4.3 Visibility and legibility. Labels and placards shall be easy to read accurately from the
operonabeading distinees and in the anticipated vibration, motion. and illumination environments

S50 Aceess Tem fabels shudl not be covered o obscured by other items

8A
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5.5.4.5 Label life. Labels shall be mounted so as to minimize wear or obscurement by grease,
grime, or dirt, and shall remain legible for the overhaul interval of the labeled equipment.

5.5.4.6 Contrast and background. Label color shall contrast with the equipment background
specified in 5.7.9. Other label backgrounds may be used only as approved by the procuring activity.

5.5.5 Design of label characters.

5.5.5.1 Black characters. Where the ambient illuminance will be above 10 lux (0.9 ft-c), black
characters shall be provided on a light background.

5.5.5.2 Dark adaptation. Where dark adaptation is required, the displayed letters or numerals
shall be visible without impairing night vision. Markings should be white on a dark background.

5.5.5.3 Style. Style of label characters shall conform to MIL-M-18012, where consistent with
5.5.54,5.5.5.5,5.5.5.7, and 5.5.5.8 herein.

5.5.5.4 Capital vs lower case.

5.5.5.4.1 Labels Labels shall be printed in all capitals, except where lower case letters or
punctuation marks are indigenous to the itemn being identified.

5.5.5.4.2 Legends. Legends shall be printed in all capitals, without periods or commas.

5.5.5.4.3 Placards. Instructional placards may use capitals and lower case (sentence case) when
the message exceeds two lines; however, for short, instructional material, all-capitals are preferred.
Allcapital material (consisting of a larger cap for the initial letter in a paragraph, line of instruction, or
procedural step) may be used.

5.5.5.4.4 Signs. Signs shail consist of all-capitals, except when the sign is instructional and
involves several lines of extended sentences, in which case sentence case may be used.

5.5.5.5 Letter width. The width of letters should be 3/5 of the height, except for "M" and "W",
which shall be 4/5 of the height, and "1," which shall be one stroke wide.

5.5.5.6 Numeral width. The width of numerais shall preferably be 3/5 of the height, except for
“4," which shall be one stroke width wider, and "1," which shall be one stroke wide.

5.5.5.7 Wide characters. Where wide characters are required, e.g., for curved surfaces or for
column alignment of numbers, the basic height-to-width ratio may be increased to as much as 1:1.

5.5.5.8 Stroke width, normal For black characters on a white (or light) background, the stroke
width shall be 1/6 to 1/7 of the height.

5.5.5.9 Stroke width, dark adaptation. Where dark adaptation is required or legibility at mght 1s
a critical factor, and white characters are specified on a biack background, the stroke width of the
characters shall be from 1/7 to 1/8 of the height. The stroke width shall be the same for all letters and
numerals of equal height.

5.5.5.10 Suvhe width, Uansilluminated characters. For transilluminated characters, the stroke
width shall be 1/10 of the height.

45511 Character spacing. The minimum space between characters shall be one stroke width.

N
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5.5.5.12 Word spacing. Space between words shall be not less than the width of one character.

5.5.5.13 Line spacing. The minimum space between lines shall be one-half character height.

5.5.5.14 Size vs luminance. The height of letters and numerals shall conform to Table XII.

5.5.5.15 Character height and viewing distance. See Table XII.

TABLE XII. Label size versus luminance

MARKINGS

HEIGHT !

Critical markings with position variable (e.g.
numerals on counters)

Critical markings with position fixed (e.g.,
numerals on fixed scales, controls and switch
markings, or emergency instructions)

Noncritical markings (e.g., identification
labels, routine instructions, or markings

required only for familiarization)

3.5 cd/m2 (1 ft—L)
OR BELOW

5—8 mm
(0.20 —0.31 in)

4—8 mm
0.16-0.31 in)

1.3—5 mm
(0.05—0.20 in)

ABOVE 3.5 cd/m2

| (1fi—L)
|

3—S mm
(0.12—0.20 in)

2.5—5 mm
(0.10-0.20 in)

1.3—5 mm
(0.05—0.20 in)

1Values assume a 710 mm (28 in.) viewing distance. For other distances, multiply the above

values by D/710 mm (D/28 in.).

5.5.6 Equipment labeling.

5.5.6.1 Units, assemblies, subassemblies and parts.

5.5.6.1.1. General requirements. Each unit, assembly, subassembly and part shall be labeled
with a clearly visible, legible, and meaningful name, number, code, mark or symbol, as applicable.

5.5.6.1.2 Location. The gross identifying label on a unit, assembly or major subassembly shall
be located externally in such a position that it is not obscured by adjacent items; on the flattest, most
uncluttered surface available; or on a main chassis of the equipment.

5.5.6.1.3 Terms. Equipment shall be labeled with terms descriptive of the test or measurement
applicable to their test points (e.g., “demodulator” rather than “crystal detector” or “power amplifier”

rather than “bootstrap amplifier”).

5.5.6.2 Controls and displays.

5.5.6.2.1 Genceral requirements. Controls and displays shall be appropriately and clearly
labeled with the basic information needed for proper identification, utilization, actuation, or

manipulation ot the element.

Sa.02 20 Simplicity. Control and display fabels shall convey verbal meaning in the most dieq

manner. v ousing simple words and phrases

NS
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5.5.6.2.3 Functional labeling. Each control and display shall be labeled according to function.
The following criteria shall apply:

a. Similar names for different controls and displays shall be avoided.

b. Instruments shall be labeled in terms of what is being measured or controlled, taking
into account the user and purpose.

c. Control labeling shall indicate the functional result of control movement (e.g., increase, ON,
OFF) and may include calibration data where applicable. Such information shall be visible
during normal operation of the control.

d. When controls and displays must be used together to make adjustments, appropriate
labels shall indicate their functional relationship. Terminology shall be consistent.

5.5.6.2.4 Location. Control and display labels shall be located as specified below:
a. Ease of control operation shall be given priority over visibility of control position labels.

b. Labels should be placed above the controls and displays they describe. When the panel is
above eye fevel, labels may be located below if label visibility will be enhanced thereby.

c. Units of measurement (e.g., volts, psi, meters) shall be labeled on the panel.

d. Labels shall identify functionally grouped coatrols and displays and shall be located above the
groups they identify. When a line is used to enclose a functional group, the label shall be
centered at the top of the group, either in a break in the line or just below the line. When
colored pads are used, the label shall be centered at the top within the pad area.

e. Label location throughout a system and within pane} groupings shall be uniform.
f. Adjacent labels shouid be sufficiently separated so they are not read as one continuous label.

5.5.6.2.5 Hierarchical labeling. A hierarchical labeling scheme should be used on control and
display panels to reduce confusion and search time. Major labels should be used to identify major
systems or operator work stations and component labels should identify each panel or console element.
Labels should not repeat information contained in higher-level labels.

5.5.6.2.6 Size graduation. To reduce confusion and operator search time, labels shail be
graduated in size. The characters in group labels shall be larger than those used to ideatify individual
controls and displays. The characters identifying controls and dispieys shall be larger then the
characters identifying control positions. With the smallest characters determined by viewing
conditions, the dimensions of each character shall be at least approximately 25 perceat larger than those
of the next smaller label.

5.5.6.2.7 Overhead tems. ltems that are located overhead and out of view should be ideatified
with labels on walls with an arrow pointing in the direction of the item or by a label on the floor directly
below the item.

5.5.6.3 Storage cabinets. The contents of storage cabinets should be faheled on the outside of
the cabinet door. For large storage cabinets, labels should be placed at standing eye height. i.e., from
2710 163 en (30 10 65 1) above the standling corface A prominent redundant 1abel that identifies the
cabinet’s contents should be visible when the door 1s open.

X6
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5.6 Anthropometry.

5.6.1 General Design and sizing shall ensure accommodatxon compatibility, operability, and
maintainability by the user population. Generally, design limits shall be based upon a range from the
Sth percentile female (see Table I) to the 95th percentile male values for critical body dimensions, as
appropriate, except for Naval aviator special populations (see 5.6.4). This design range from the Sth
to 95th percentile values will theoretically provide coverage for 90 percent of the user population for
that dimension; however, where two or more dimensions are used simultaneously as design
parameters, appropriate multivariate data and techniques should be utilized.

5.6.2 Anthropometric data. See dimensions for the standing body, seated body, depth and
breadth, circumferences and surfaces, hands and feet, and head and face in MIL-HDBK-759. The
anthropometric data presented in MIL-HDBK-759 are intended to provide general design guidance.
MIL-HDBK-743 should be consulted for more extensive data.

5.6.3 Use of Data. Use of these data shall consider (a) the nature, frequency, safety, and
difficulty of the related tasks to be performed by the operator or wearer of the equipment; (b) the
position of the body during performance of these tasks; (c) mobility or flexibility requirements
imposed by these tasks; and (d) increments in the design-critical dimensions imposed by the need to
compensate for obstacles and projections.

5.6.3.1 Adjustments. Because the above-cited anthropometric data represent nude body
measurements, suitable allowances in design-critical dimensions shall be made for light or heavy
clothing, flying suits, helmets, boots, body armor, load-carrying equipment, protective equipment,
and other worn or carried items, when utilizing these data for design criteria.

5.6.3.2 Clearance dimensions. Clearance dimensions (e.g., for passageways and accesses),
which must accommodate or allow passage of the body or parts of the body, shall accommodate the
95th percentile values for applicable body dimensions.

5.6.3.3 Limiting dimensions. Limiting dimensions (e.g., reaching distance, control movement,
displays, test points, handrails) which restrict or are limited by extensions of the body shall
accommodate the Sth percentile values for applicable body dimensions.

5.6.3.4 Adjustable dimensions. Seats, restraint systems, safety harnesses, belts, controls or
any equipment that must be adjusted for the comfort or performance of the individual user shall be
adjustable over the range of the 5th to 95th percentile values for the applicable body member(s).

5.6.3.5 Clothing and personal equipment. Clothing and personal equipment (including
protective or specialized equipment worn or carried by the individual) shall be designed and sized to
accommodate at feast the Sth through the 95th percentiie values of body dimensions. Pertinent
dimensions of essential or critical equipment (e.g., aviators' helmets) shall be based on the Ist and 99th
percentile values.

5.6.4 Special populations. Where equipment will be used, inclusively or exclusively, by
selected or specialized segments of the military population (e.g., Army tank crews, Navy divers, eic.)
or population ranges other than the 5 - 95th percentiles (e.g., disproportionate anthropometric
accommodation test cases), appropriate available anthropometric data on these specialized populations,
contained 1n MIL-HDBK-743, shall bc uulized for design and sizing criitenia. Where equipment 1s
intended for use by foreign military personnel, appropriate anthropometric data on such paputations
shall be utilized for design and sizing criteria.
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5.7 Workspace design.

5.7.1 General Unless otherwise noted, the following criteria apply to ground installations and,
as practical, to airborne and shipboard installations; however, where a visual display terminal is used
for text processing, data entry, or data inquiry applications in an office environment or equivalent, see
5.16.

5.7.1.1 Kick space. Cabinets, consoles, and work surfaces that require an operator 10 stand or
sit close to their front surfaces shall contain a kick space at the base at least 10 cm (4 in) deep and 10
cm (4 in) high to allow for protective or specialized footwear.

5.7.1.2 Handles. Handles on cabinets and consoles shall be recessed whenever practicable, to
eliminate projections on the surface. If handles cannot be recessed, they shall be configured, located,
and oriented to preclude injuring personnel or entangling their clothing or equipment.

5.7.1.3 Work space. Whenever feasible, free floor space of not less than 122 cm (4 ft) shall be
provided in front of each console. For equipment racks that require maintenance, free floor space shall
be provided in accordance with the following criteria.

5.7.1.3.1 Depth of work area. Clearance from the front of the rack to the nearest facing surface
or obstacle shall be not less than 107 cm (42 in). The minimum space between rows of cabinets shall
be 20 cm (8 in) greater than the depth of the deepest drawer (equipment).

5.7.1.3.2 Lateral work space. Lateral workspace for racks having drawers or removable
equipment weighing less than 20 kg (44 Ib) shall be not less than 46 cm (18 in) on one side and 10 cm
(4 in) on the other (measured from the drawers or equipment in the extended position), lateral
workspace for such racks with removable equipment weighing 20 kg (44 1b) or more shall be not less
than 46 cm (18 in) on each side.

5.7.1.3.3 Space between rows of cabinets. Space between rows of cabinets shall be not less
than 20 cm (8 in) greater than the depth of the deepest drawer or cabinet.

5.7.1.3.4 Storage space. Adequate space shall be provided on consoles or immediate work
space for storing manuals, worksheets, and other required materials.

5.7.2 Standing operations. (Sec Table I.)

5.7.2.1 Work surface. Unless otherwise specified, work surfaces to support documents such as
job instruction manuals or worksheets shall be 90 - 93 cm (35.4 - 36.6 in) above the floor.

5.7.2.2 Display placement, normal. Visual displays mounted on vertical panels and used in
normal equipment operation shatt be mounted 104 - 178 cm (41 - 70 in) above the standing surface.

5.7.2.3 Display placement, special. Displays requiring precise and frequent reading shall be
mounted 127 - 165 cm (50 - 65 in) above the standing surface.

5.7.2.4 Control piacement, normal. All controls mouated on a vertical surface and used 1n
normal equipment operation shall be mounted 86 - 178 cm (34 - 70 in) above the standing surface.

5.7.2.5 Control placement, spectai. Controis requining precise or froguent operativon aul
cmergency controls shall be mounted R6 - 135 ecm (34 - 53 in) above the standing surface and no
farther than S3 cm (21 in) lateratly from the centerline.

5.7.3 Seated operations.

]R8
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5.7.3.1 Work surface width and depth. A lateral workspace not less than 76 cm (30 in) wide
and 40 cm (16 in) deep shall be provided whenever practicable.

5.7.3.2 Work surface height. Desk tops and writing tables shall be 74 - 79 cm (29 to 31 in)
above the floor, unless otherwise specified.

5.7.3.3 Writing surfaces. If consistent with operator reach requirements, writing surfaces on
equipment consoles shall be not less than 40 cm (16 in) deep and should be 61 cm (24 in) wide.

5.7.3.4 Seating

5.7.3.4.1 Compatibility. Work seating shall provide an adequate supporting framework for the
body relative to the activities that must be carried out. Chairs to be used with sit-down consoles shall
be operationally compatible with the console configuration.

5.7.3.4.2 Seat pan and vertical adjustment. The seat pan shall have an adjustable height of 38 to
54 cm (15 to 21 in) in increments of no more than 3 cm (1 in) each. (See Table 1.) If the seat height
exceeds 53 cm (21 in), a footrest shall be provided and single pedestal seats shall have a S-legged
base. The seat pan shall have a 0 - 7° adjustable tilt rearward, be between 38 - 46 cm (15 - 18 in)
wide, and shall be not more than 40 cm (16 in) deep.

5.7.3.4.3 Backrest A supporting backrest that reclines 100° - 115° shall be provided. The
backrest shall engage the lumbar and thoracic regions of the back, and shall support the torso in such a
position that the operator's eyes can be brought to the “Eye Line" with no more than 8 cm (3 in) of
forward body movement. The backrest width shall be 30 - 36 cm (12 - 14 in).

5.7.3.4.4 Cushioning and upholstery. Where applicable, both the backrest and seat shall be
cushioned with at least 25 mm (1 inch) of compressible material and provided with a smooth surface.
Upholstery shall be durable, nonslip, and porous.

5.7.3.4.5 Ammrests. Unless otherwise specified, armrests shall be provided. Armrests that are
integral with operators' chairs shall be at least 5 cm (2 in) wide and 20 cm (8 in) long. Modified or
retractable armrests shall be provided when necessary to maintain compatibility with an associated
console and shall be adjustable from 19 to 28 cm (7.5 to 11 in) above the compressed sitting surface.
Distance between armrests should be not less than 46 cm (18.1 in).

5.7.3.4.6 Seat base. Chairs shall have at least four supporting legs. Swivel chairs should have
five supporting legs. The diameter of the seat base of swivel type chairs should be 46 cm (18 in).

5.7.3.4.7 Footrests. Footrests, where provided, shall contain nonskid surfaces and shall be
adjustabie from 2.5¢0 23 em (1 to 5-in) above-the floor, not less than 30 cm (12 in) deep, and 30 - 40
cm (12 - 16 in) wide. Footrest inclination shall be 25 - 30°.

5.7.3.5 Knee room Knee and foot room not less than 64 cm (25 in) high, 51 cm (20 in) wide,
and 46 cm (18 in) deep shall be provided beneath work surfaces; however, if a fixed footrest or a foot-
operated control is provided, the height dimeasion shall be increased accordingly.

5.7.3.6 Display placement, normal. Visual displays mounted on vertical panels and used in
normal equipment operation shati be toeated 15 - 117 em (6 - 46 in)above the situng suifave. (Sec
Table 1)

located in an area 36 89 cm ( 14 35 m) abovc thc sxttmg surface, and no funhcr than 53 cm (”I n)
laterally from the centerhne. (See Table 1)
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5.7.3.8 Warning displays. For "sit" consoles requiring horizontal vision over the top, critical
visual warning displays shall be mounted not less than 57 cm (22.5 in) above the sitting surface.

5.7.3.9 Contol placement. normal, Controls mounted on a vertical surface and used in normal
equipment operation shall be located 20 - 86 cm (8 - 34 in) above the sitting surface. (See Table L)

5.7.3.10 Control piacement, special. Controls mquidngrpwcise or frequent operation shall be
located 20 - 74 cm (8 - 29 in) above the sitting surface. (See Table L)

5.7.4 Common working positions. Anthropomegc clat(al for itg: ggsétgin and sizing Ofted
works involving standing, sitting, stooping, kneeling and sup ons are presented in
Table and illusn-gmd in Fglgur?gg and 95th percentile values are given for various body
dimensions. (The data are based on measurements of 300 Army women and 106 Army men in 1977;
therefore, differences in several measurements common to Table XIX and tables of HDBK-759
should be resolved in favor of the latter tables.) Suitable allowances should be made for heavy
clothing or protective equipment when required. Clearance dimensions shall be not less than the
95th percentile values for men; limiting dimensions shall be not more than the Sth percentile values
for women, shown in Table XIX.

TABLE XIX. Anthropometric data for common working positions

PERCENTILE VALUES IN CENTWAETERS

Sth PERCENTILE 95¢h PERCENTILE

. MEN WOMEN MEN WOMEN
1. WEIGHT ~ CLOTHED (KILOGRAMS) 58.6 as 902 748
2. STATURE — CLOTHED 1685 1568 188.0 1787
3. FUNCTIONAL REACH 728 840 ”’s 790
4. FUNCTIONAL REACH, EXTENDED #42 735 1012 927
5. OVERHEAD REACH HEIGHT 200.4 1853 2305 2151
6. OVERHEAD REACH BREADTH %2 ny a9 ne
7. BENT TORSO HEIGHT 1256 127 1483 1386
8. BENT TORSO BREADTH 409 k¥ ] 48.3 435
9. OVERHEAD REACH, SITTING 1279 174 1469 1394
10. FUNCTIONAL LEG LENGTH 1106 098 122y 106
11. KNEELING HEIGHT 1219 1145 1389 1303
12. KNEELING LEG LENGTH 63.9 592 755 705
13. BONT KNEE HEIGHT, SUPINE @7 as 538 Y
14. HORIZONTAL LENGTH, KNEES BENT | 150.8 1403 1730 1838

PERCENTILE VALUES IN INCNES

1. WEIGHT —~ CLOTHED (POUNDS! 1291 1072.8 1988 10458
2. STATURE «~ CLOTHNED -Gl [ .7 ] P ¥ 3 "3
3. FUNCTIONAL BEACH 208 W/ Ho M
4. FUNCTIOMAL REACH, EXTENDED 32 n9 83 %5
6. OVERHEAD REACH HEIGHT 788 73.0 908 84y
6. OVERHEAD REACH BREADTM 139 124 165 149
7. BENT TORSO HEIGHT 494 44.4 %90 545
4. BENT TORBO BRAADTH 161 145 1654 17.
9. OVERHEAD REACH, SITTING 50.3 462 578 54.9
10. FUNCTIONAL LEG LENGTH a1e 9.2 50.3 a7
11 WNEFT ING HEGHT R0 a5 519 511
| 12. KNEELING LEG LENGTH 2 I 133 l 297 278
' "‘ L‘!"\‘Y !{“'rr |’r|':"vA"|"""r 17 a aen e 2K | enr
14, HORIZONTAL LENGTH KNEES BENT | 594 552 68.1 545

e Fageere 5% Lon i abton ot of vant o
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0

(1) WEIGHT (CLOTHED)
WEARING FATIGUES &
COMBAT BOOTS; STANDING
IN CENTER OF SCALE

A

(3 FUNCTIONAL REACH — STANDING
ERECT; LOOKING STRAIGHT
AHEAD; BOTH SHOULDERS AGAINST
WALL; RIGHT ARM HORIZONTAL.

MEASURED FROMWALL TO TP OF
INDEX FINGER

®

STATURE (CLOTHED)

STANDING ERECT; HEELS
TOGETHER; WEIGHT DIS-

TRIBUTED EQUALLY ON BOTH
FEET. MEASURED FROM STANDING
SURFACE TO TOP OF HEAD.

FUNCTIONAL REACH, EXTENDED~
STANDING ERECT; LOOKING STRAIGHT
AHEAD; RIGHT SHOULDER EXTENDED
AS FAR FORWARD AS POSSIBLE WHILE
BACK OF LEFT SHOULDER FIRMLY
AGAINST WALL: ARM HORIZONTAL.
MEASURED FROM WALL TO TIP OF
INDEX FINGER.

FIGURE 20 Anthropometric data for workspaces

51
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OVERHEAD REACH HEIGHT —
STANDING WITH HEELS 23 cm
APART AND TOES 15 cm FROM
WALL; ARMS EXTENDED OVER-
HEAD WITH FISTS TOUCHING

AND AGAINST WALL; 15t
PHALANGES HORIZONTAL.
MEASURED FROM FLOOR TO
HIGHEST POINT ON 1st PHALANGES

BENT TORSO HEIGHT -

STANDING WITH FEET 30 cm APART;
BENDING OVER AND PLACING PALMS OF
THE HANDS ON KNEECAPS: ELBOWS AND
KNEES LOCKED; LOOKING FORWARD:;
HEAD TILTED AS FAR BACK AS POSSIBLE.

MEASURED FHOM FLOOR TO TOP OF HEAD.

(6) OVERHEAD REACH BREADTH —

STANDING WITH HEELS 23 cm APARY
AND TOES 16 cm FROM WALL; ARMS
EXTENDED OVERHEAD WITH FISTS
TOUCHING AND AGAINST WALL; 15t
PHALANGES HORIZONTAL. MEASURED
HORIZONTALLY ACROSS ARMS OR
SHOULDERS, WHICHEVER IS WIDER.

BENT TORSO BREADTH —

STANDING WITH FEET 30 em APART;
BENDING OVER AND PLACING THE PALMS
OF THE HANDS ON KNEECAPS; ELBOWS
AND KNEES LOCKED; LOOKING FORWARD;
HEAD TILTED AS FAR BACK AS POSSIBLE.
MEASURED AS MAXIMUM HORIZONTAL
DISTANCE ACROSS SHOULDERS.

FIGURT: 20 Anthropometric data for workspaces - Continued
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7

OVERHEAD REACH, SITTING — FUNCTIONAL LEG LENGTH —
SITTING ERECT; RIGHT SIDE AGAINST SITTING ERECT ON EDGE OF CHAIR;
WALL; RIGHT ARM EXTENDED UPWARD RIGHT LEG EXTENDED FORWARD
WITH PALM FLAT AGAINST WALL AND WITH KNEE STRAIGHTENED.
FINGERS EXTENDED. MEASURED FROM MEASURED FROM HEEL ALONG
SITTING SURFACE TO TP OF MIDDLE AXIS OF LEG TO POSTERIOR
FINGER. WAIST.

@ KNEELING HEIGHT — @ KNEELING LEG LENGTH —
KNEELING WITH TOES EXTENDED AND KNEELING WITH TOES EXTENDED
LIGHTLY TOUCHING REAR WALL: TORSO AND LIGHTLY TOUCHING REAR
ERECT WITH ARMS HANGING LOOSELY WALL: TORSO ERECT WITH ARMS
AT SIDES. MEASURED FROM FLOOR TO HANGING LOOSELY AT SIDES.
TOP OF HEAN MEASURED FROMWALL TO

ANTERIOR PORTION OF BOTH
KNEES.

FIGURT 26 Anthropometric data for workspaces - Continued

Y3
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@ BENT KNEE HEIGHT, SUPINE —
LYING SUPINE; KNEES RAISED UNTIL ANGLE
BETWEEN UPPER AND LOWER LEGS APPROX-
IMATES 60°; TOES LIGHTLY TOUCHING WALL.
MEASURED FROM FLOOR TO HIGHEST POINT

ON KNEES,

HORIZONTAL LENGTH, KNEES BENT —
LYING SUPINE: KNEES RAISED UNTIL
ANGLE BETWEEN UPPER AND LOWER LEGS
APPROXIMATES 60°: TOES LIGHTLY
TOUCHING WALL. MEASURED FROM WALL
YO TOP OF HEAD

FIGURE 29. Anthropometric data for workspaces- Concluded

Lidd
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5.7.5 Standard console design. (Where Table XX or Figure 30 is cited, also see Table 1.)

5.7.5.1 Dimensions. For purposes of standardization, dimensions of consoles and the units and
racks which constitute operator work stations should conform to Table XX and Figure 30.

5.7.5.2 Configurations. The configurations represented in Table XX and Figure 30 may not be
applicable to all design situations. Operational requirements may require unique design solutions.
Because of the benefits and economies inherent in a standard console, design should conform with the
standard configurations.

5.7.5.3 Variables. As applicable, the selected console design should accommodate required
visibility over the top of the console, operator mobility (e.g., "sit", "stand", or "sit-stand"), panel
space (note columns B and E in Table XX), and volume in the area below the writing surface.

5.7.5.4 Console selection. On the basis of 5.7.5.3, the configuration that will best meet the
- requirements should be selected from the five console types represented in Table XX.

5.7.6 Special-purpose console design.

5.7.6.1 Horizontal wrap-around. (See Figure 31 for example.)

5.7.6.1.1 Panel width When requirements for preferred panel space for a single seated
operator exceed a pane] width of 112 cm (44 in), a flat-surface, segmented, wrap-around console
should be provided to place all controls within the reach of the 5th percentile stationary operator.

5.7.6.1.2 Panel angle. The left and right segments should be angled from the frontal plane of
the central segment such that they can be reached by the 5th percentile stationary operator.

5.7.6.1.3 Dimensions (vision over top). Where vision over the top is required (thereby limiting
vertical panel space), the width of the central segment shall be not more than 112 cm (44 in), and that
of the left and nght segments shall not exceed 61 cm (24 in).

5.7.6.1.4 Dimensions. Where vision over the top is not required, i.e., the console height may
exceed the seat height by more than 69 cm (27 in) (see Table 1.), the width of the central segment shall
be not more than 86 cm (34 in); the widths of the left and right segments should be not more than 61
cm (24 in).

5.7.6.1.5 Viewing angle. The total required left-to-right viewing angle shall be not more than
190° (see Figure 2) and should be reduced through appropriate control-display layout.

5.7.6.2 Vertical/stacked segments. (See Figure 32 for example.)

5.7.6.2.1 Panel division. Where direct forward vision over the top of the console is not
required by a seated operator, and when lateral space is limited, the panel shall be divided into three
vertical/stacked segments whose surfaces should be perpendicular to the operator's line of sight with
little or no head movement.

5.7.6.2.2 Height. The center of the central segment should be 80 cm (31.5 in) above the scat
icference point. The height of this segment shall be not more than 53 cm (2! in).

5.7.6.3 Sit-stand consoles. Where personnel] will work from standing or scated positions,
comole dimensions should conform to those of ‘Table XX. (See Table 1)

Q4
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TABLE XX. Standard console dimensions

e e e e ~ e
! MAXIMUM SUGGESTED WRITING SURFACE: SEAT HEIGHT MAXIMUM |
: TOTAL CONSOLE VERTICAL OIMENSION SHELF HEIGHT FROM STANDING CONSOLE
| HEIGHT FROM OF PANEL FROM SURFACE AT WIDOTH ‘
| o STANDING BURFACE {(INCLUDING SiLLS) STANDING SURFACE MIDPOINT OF G (NOT SHOWN) |
i
‘, A ! B c 1] '
| 1. SIT (WITH VISION 1.170 m (48 m) . 520 mm (20.55 In 650 mm (25.5 in) 435 mm (17 mlﬂ 1.120 m (44 in i
! OVER Top)“ | 1.335 m (62.5 n; | 820 mm (20,88 ME 810 mm (32 lni 8595 mm (23.5 1.120 m (44 In !
| ' 1.436 m (88.5 In i 620 mm (20.55 in 910 mm (38 in 695 mm (27.6 In 1.120 m (44 In
] i
‘ ! 1.310 m (515 In !
i 2 \?,g %’.‘,‘E’g}op, 1.470 m (8.0 ln} 660 mm (28 In 680 mm (26.8 in) 435 mm (17 in 810 mm (36 in !
i 1.570 m (62.0 in 660 mm (28 In 810 mm (32 In $95 mm (23.8 ; 910 mun (38 in j
( 680 mm (28 in 910 mm n 095 mm (27.5 In 910 mm {36 in !

3. SIT-STAND (WITH | 1.535 m (60.5 In) | 620 mm (24.5 In) 910 mm (36 in) 695 mmn (27.8 In) 910 mem (36 in)
. STANDING VISION ¢ ‘ i

OVER TOP) i [ ‘ ' 1
’ 4. STAND ouT 3 1.535 m (60.5 in) ! 820 mm (24.5 in) | 910 mm (36 In) ‘ NA 1.120 m (44 in)
VISION OVER TOP) ‘ l : 1
[ 910 mm (38 in) 910 mm (36 In) NA | 910 mm (36 in)

' 5. STAND (WITHOUT | 1.830m (72 In)
| " visioN OVER TOP) |
|

|

1THE RANGE IN "A® 1S PROVIDED TO ALLOW LATTTUDE IN THE VOLUME OF THE LOWER PART OF THE CONSOLE: NOTE
RELATIONSHIP TO “C*" AND "D°.

5.7.7 Stairs, stair-ladders, fixed ladders, and ramps.

5.7.7.1 General criteria.

5.7.7.1.1 Selection. The selection of stairs, stair-ladders, fixed ladders, or ramps for specific
applications shall be based on the angle of ascent required and the criteria in Figure 33.

5.7.7.1.2 Provision for hand-carrying equipment. Ramps, elevators, or equivalent means
should be provided when equipment must be hand carried. Ladders shall not be selected in such

cases, since both hands should be free to grasp the ladder. Stairs and steps should not be used where
hand-carrying bulky loads or loads in excess of 13 kg (29 1bs) is required (see Table I).

5.7.7.1.3 Handrails and guardrails. Stairs, stair-ladders, fixed ladders, and ramps should be
equipped with a handrail on each side. Where one or both sides are open, appropriate intermediate
guardrails shall be provided to prevent personnel injury. Non-fixed vehicular-boarding ladders are
neither stair ladders nor fixed ladders and are exempt from this requirement. Ladders shall not be
selected in such cases, since both hands should be free to grasp the ladder. Stairs and steps should not
be used where hand-carrying bulky loads or loads in excess of 13 kg (29 1bs) is required.

5.7.7.2 Stairs. Stair dimensions should conform to the recommended values and shall be within
the minimum and maximum limits of Figure 34.

5.7.7.3 Stair ladders. Stair ladder dimensions should conform to the recommended values and
shall be within the specified minimum and maximum limits of Figure 35. The tread rise shall he open
at the rear. Landings should be provided every tenth or twelfth tread. The surface of treads on
oxterior stair ladders should be constructed of npen grating matenial or shonld be treated with nonskid
material conforming with specification

5 7.7.4 Fixed ladders. Fixed ladder dimensions should conform to the recommended valucs

and shall be within the specified mimmam and maximum hts ol Figuie 56 osec Table 1 Tiacd
Ladders which are used to provide acceess to multiple levels should be offset at each successive leve!

Ut
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El 15
deg 8
t |
| —~ 4
1
| E——
H - A
[y G
K By
¢ F
D
A, HEEL
CATCH
§
P
—~ 4 —
e Kkl OPTIONAL ————l
KEY DIMENSIONS | mm (in.}
A MAXIMUM TOTAL CONSOLE HEIGHT FROM STANDING
SURFACE X X
B SUGGESTED VERTICAL DIMENSION OF PANEL, x o
INCL SILLS 2 a2
c WRITING SURFACE: SHELF HEIGHT FROM STANDING < <
SURFACE w w
D SEAT HEIGHT FROM STANDING SURFACE AT MIDPOINT :‘,,‘ ‘.‘,i
OF ‘lG'l
E* MINIMUM KNEE CLEARANCE 1460) 18
Fe FOOT SUPPORT TO SITTING SURFACE ** (460} 18
G* SEAT ADJUSTABILITY (150 6
H* MINIMUM THIGH CLEARANCE AT MIDPO:.IT OF “G" {190) 15
i WRITING SURFACE DEPTH INCLUDING SHELF (400) 16
J MINIMUM SHELF DEPTH (100} 4
K EYE LINE-TO.CONSOLE FRONT DISTANCE {400) 16

*NOT APPLICABLE TO CONSOLE TYPES 4 AND 6 OF TABLE XX,
**SINCE THIS DIMENSION MUST NOT BE EXCEEDED, A HEEL CATCH MUST BE ADDED
TO THE CHAIR IF “D" EXCEEDS &80 rm (18in.).

NOTE: A SHELF THICKNESS OF 26 mm (1 in.} IS ASSUMED, FOR OTHER SHELF
THICKNESSES, SUITABLE ADJUSTMENTS SHOULD BE MADE.

FIGURE 30. Standard console dimensions key
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FIGURE 31. Example of horizontal FIGURE 32. Example of vertical/
wrap-around console stacked segments
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H
®
] /
1 L%
LT o~
]
-'] 20°. 50°
[
OIMENSION MINIMUM MAXIMUM RECOMMENDED
. . . 280-—-300 mm
A Tread depth (inciuding nosing) 240 mm (8-1/2In.)| 300 mm (12 In.} (11=12 1nJ)
B Riser height 125 mm (5 in) 200 mm {8 in.} 165-180 mm_
(6-1/2 — 7 In.}
C Depth of nosing {(where applicable) 19 mm (3/4 in) 38 mm {(1-1/2 in)} 25 mm {1 in.)
0 Width {handrail to handrail):
One-way stairs 760 mm (30 in.) 910 mm (36 in.)
Two-way stairs 1220 mm (48 in.} 1300 mm (51 In.)
E Owverhead clearsnce 1930 mm {76 In.} 1980 mm (78 in.)
F  Height of handrail (from leading edge

-~
=

of tread)
Handrail diameter

fiaii ciesrance trom wall

840 mm {33 in)
32 mm {1<1/4 In.)

45 mm {1-3/4 in.)

940 mm (37 in,)

75 mm (3 In,)

840 men (33 in,)
38 mm {1-1/2 in.)

76 mm (3 in,}

FIGURE 34 Stair dimensions
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f
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\ ~
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DIMENSION

MINIMUM

MAXIMUM

RECOMMENDED

g o

Tread depth range:

For 50° rise

For 75° rise (open ladders only)
Riser height

Width (handrail to handrail)
Overhead clearance

Height of handrail {from leading edge
of tread)

Handrail diameter

Rail clearance from wall

e ————
e e |

150 mm (6 in.)
76 mm (3 in.)

180 mm (7 in.)

$30 mm (21 in.}

1730 mm*68 in.}

880 mm (34 in,}
32mm {1-1/4in)

50 mm (2in.)

250 mm (10 in.)
140 mm (5-1/2in.}
300 mm (12in.}

610 mm (24 In,)

840 mm (37 In,)

75 mm (3 in.)

216 mm (8-1/21in.)
100 mm (4 in.}
230 mm (9 in.]
660 mm (22 In.)

1930 mm (78 In.)

890 mm (35 in,}
38 mm (11/2in.)

75 mm (31in.)

*whenever the distance D Is lass than 1.880 m (74 in.}, the overhead obstruction should be painted

with yallow and hiark stripes,

FFIGURE 35. Stair-ladder dimensions

b
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il
Qs

A l\ s

™~

DIMENSION

“ MINIMUM

MAXIMUM

RECOMMENDED

H

Rung thickness:

Wood

Protected metal
Corrosive metal

Rung spacing

Height, rung to fanding
Width between stringers
Climbing clearance width
Clearanos depth:

F in back of ladder

G On climbing side (range}

Height of stringer above landing 840 mm {33 In.)

Height from lower elevatlon
to bottom rung

32 mm (1.1/81n)
19 mm (3/4 In.}
25 mm (1 in.)
230 mm {9 in.}

160 mm (6 in.}

300 mm (12 in.i

810 mm (24 In,)

150 mm (6 .}

38 mm {1.1/2in,}

38 mm {1-1/2in.)

38 mm (1-1/21n,)
380 mm (15 in.)

380 mm {15 In,}

35 mm {13/8 In,}
35 mm (1-3/8 in,}
35 mm {1-3/8 in,)
300 mm {12 1in.)
380 mm {16 in.)
460-530 mm (18-21 in.)

760 mm {(301n.)

200 mm {8 tn.)

910 mm (36 in.} for 75° 10 760 mm {30 in.} for 80°

380 mm (15 in.)

910 mm (36 In.)

TIGUIRTE 1 Fixed-ladder dimensions

phel
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Guardrails should be provided around the opening at the top of each fixed ladder. All fixed ladders
more than 6 m (20 ft) high shall be equipped with, or include provision for, a safety device to provide
positive protection from falls.

5.7.7.5 Ramps.

5.7.7.5.1 Cleating. Where special environmental conditions require cleating of pedestrian
ramps, the cleats should be spaced 36 cm (14 in) apart and extend from handrail to handrail at right
angles to the line of traffic.

5.7.7.5.2 Mixed traffic. When a ramp is required for both pedestrian and vehicle traffic, the
vehicle bearing surface should be located in the center of the ramp, with the pedestrian surface next to
the handrails. (A vehicle ramp with an adjacent pedestrian stairway is preferred for this situation.)

5.7.7.6 Personnel platforms and work areas. The surfaces of exterior personnel platforms and
work areas shall be constructed of open metal grating. Exterior personnel platforms where use of open
grating is impractical and interior watkways shall be treated with nonskid material. All open sides of
personnel platforms shall be equipped with guardrails (with intermediate rails), with a top rail height
not less than 107 cm (42 in) and a toeboard or guard screen height not less than 15 cm (6 in). Hand
holds shall be furnished where needed. The distance between the platform edge and the centerline of
the railing should be not more than 65 mm (2.5 inches).

5.7.7.7 Elevators, inclinators, and hydraulic-operated work platforms. Where these items are
required, the following shall be provided:

a. Maximum load sigas, located where they can be easily seen

b. Guards, to prevent accidental operation of the lift

c. Limit stops, to prevent injury to personnel and damage to equipment

d. An automatic failsafe brake or other seif-locking device in case of lift mechanism failure
e. Provision for manually lowering the platform or elevator when feasible

f. Surface construction or treatment of open platforms, in accordance with 5.7.7.6

5.7.8 Ingress and egress.

5.7.8.1 Doors. Sliding doors shall never be installed as the only personnel exit from a
compartment. When a sliding door is used, a separate hinged door in the sliding door should be
provided for personnel use. Fixed equipment shall be at least 80 cm (3 in) from the swept area of
hinged doors. Where possible, a clearance of not less than 10 cm (4 in) shall be provided between the
door and waii.

5.7.8.2 Haiches.

5.7.8.2.1 Configuration. Where permitted by structural considerations, wall hatches shall be
fush with the floor. Hatches shall apen with a single motion of the hand or foot.

5.7.8.2.2 Torce requircments. When a handle is used for unlocking a hatch, the uniocking
toree required shan be not imose than 90 N (20 pounds). Hatches placed in the overhead position shall
require no more than 220 N (50 1b) force for opening and closing and shall be operable by a surtabiy
equipped and clothed user with 5th percentite arm and hasd sicigih. The foree of gravity chould be
nsed. where precible. tar ease of opening. Additional requirements for hatch handwheels are given in
5.4.2.2.5 and Table IX.

0K
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5.7.8.2.3 Dimensions. Hatches shall accommodate suitably equipped and clothed user
personnel in terms of limiting dimensions (see 5.6.3.3) for location and operability, and clearance
dimensions (see 5.6.3.2) for size and passage factors. Where personnel must carry equipment
through the hatch, allowance shall be made for clearance of suitably clothed 95th percentile hands
and/or arms, as applicable. Where possible, hatch dimensions shall conform to the requirements of
5.7.8.3.

5.7.8.3 Whole-body access. Dimensions for rectangular access openings for body passage
shall be not less than those dimensions shown in Figure 37. The diameter of any circular hatch shall
be not less than 76 cm (30 in). Diameters of oval hatches in armored vehicles shall be not less than
43 and 71 cm (17 and 28 in). Where rescue of personnel may be required because of environmental
hazards (e.g., toxic fumes) within the work place, larger access openings for two-person ingress and
egress may be necessary. Where “step down" through a top access exceeds 69 cm (27 in),
appropriate foot rests or steps shall be provided.

TOP AND BOTTOM
ACCESS

SIDE
ACCESS

Rt \.
’ .
. l,
Lo BN

DIMENSIONS A, DEPTH 8. WIDTH

CLOTHING LIGHT BULKY LIGHT BULKY

TOP AND BOTTOM ACCESS 330 mm (13 in.) {410 mm {16in.)|580 mm {23 in.}[690 mm (27 in.}

SIDE ACCESS 680 mm (28 in.}{ 740 mm {29 in.] | 760 mm (30 anl!GO mm (M in.)

NOTE: DIMENSIONS SHOWN BASED ON MALE DATA.

FIGURT 37 Whole hady tecess apening
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5.7.9 Surface colors.

5.7.9.1 Armmy. Surface colors shall conform to MIL-HDBK-1473 unless specified by the

procuring activity.

5.7.9.2 Navy. Surface colors shall be as specified by the procuring activity.

5.7.9.3 Air Force. Surface colors shall be selected from FED-STD-595 as follows:

a.

b.

Console, rack and cabinet exteriors
Panels

Non-critical functional grouping pads
Emergency/critical grouping pads
Interior walls, and ceilings

Interiors of uninhabited compartments
where maintenance is performed

Standard commercial equipment (if,
however, such equipment becomes an
integral part of an assembly, the color
must be identical to or cornpatible with
that of the assembly)

Anodized or conductive surface
Lettering colors:

Background Color

24300 Green
26492 Gray
27875 White
26231 Gray
21136 Red

Anodized or non-painted

Commercial cquipment

24300 Green
26492 Gray
26622 Gray
21136 Red

27875 White
26622 Gray

Existing Color

Not Painted

Lettering Color

17875 White
17038 Black
17038 Black
17875 White
17875 White

17038 Black or 17875 White,
whichever provides better contrast

Contrasting Color
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5.8 Environment.
5.8.1 Heating, ventilating, and air conditioning.

5.8.1.1 Heating. Heating shall be provided within mobile personnel enclosures utilized for
detail work or occupied during extended periods of time to maintain interior dry bulb temperature
above 10°C (50°F). Within permanent and semi-permanent facilities, provisions shall be made to
maintain an effective temperature (ET) or corrected effective temperature (CET) not less than 18°C
(65°F) (see Figure 38), unless dictated otherwise by workload or extremely heavy clothing. (See
5.12.6.1 for vehicle heating provisions.) Heating systems shall be designed such that hot air
discharge is not directed on personnel.

VELOC NOTE: TO USE NOMOGRAPH, DRAW STRAIGHT LINE BETWEEN
< ry Or DRY BULB TEMPERATURE (A) AND WET-BULB TEMPERA-
TURE (8). EFFECTIVE TEMPERATURE 1§ INDICATED
WHERE THIS STRAIGHT LINE CROSSES THE APPROPRI-
ATE VALUE FOR VELOCITY OF AIR. {IN THIS EX-
AMPLE, ET 1S 20.6°C FOR DB OR 24.5°C, Wda OF 16.6°C
AND AIR VELOCITY OF 30.6 mpm)

>
——

0  Als % 36 a0 as

*(Use 6" black globe temperature
for C.E.T.)

CONDITIONS

Clothing: 0.6 clo

Activity: Sedentary or 1ight
muscular work

Heating : Radiation or convection
type, i.e., warm air,
direct steam or hot /
water radiators, plenum /
systems, hot surfaces
or sunlight.

B]/ 3

.\ 1y T 1 ~ T maw
10 18 20 26 30 35 40 45
WET — BULB TEMPERATURE -°C

[- &
O

FIGURE 38. Effective temperature (E.T.) or corrected effective temperature (C.E.T.)

5.8.1.2 Yentilating. Adequate ventilation shall be assured by introducing fresh air into any
personnel enclosure. If the enclosure volume is 4.25 m3 (150 ft3) or less per person, a minimum of

0.85 m3 (30 fi3) of ventilation air per minute shall be introduced into the enclosure; approximately
two-thirds should be outdoor air. For larger enclosures, the air supply per person may be in
accordance with the curves in Figure 39. Alr shall be moved past personnel at a velocity not morc
than 60 m (200 ft) per minute. Where manuals or loose papers are used, airspeed past these items
shall he not more than 30 m (100 ft) per minute—-20 m (65 €1) per minute if possible- o preciude
pages in manuals from being turned by the air or papers from being blown off work surfaces. Under

1ns
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FIGURE 39. Ventilation requirements

NBC conditions, ventilation requirements shall be modified as required. Ventilation or other
protective measures shall be provided to keep gases, vapors, dust, and fumes within the Permissible
Exposure Limits specified by 29 CFR 1910 and the limits specified in the American Conference of
Governmental Industrial Hygienists Threshold Limit Values. Intakes for ventilation systems shall be
located to minimize the introduction of contaminated air from such sources as exhaust pipes. (See
5.12.6.2 for vehicle ventilation provisions.)

5.8.1.3 Air conditioning. The effective temperature or CET within personnel enclosures
utilized for detail work during extended periods shall be be not greater than 29.5°C (85°F) (see
Figure 38). Cold-air shall not be directly discharged on persoanel.

5.8.1.4 Humidity. Approximately 45% relative humidity should be provided at 21°C (70°F).
This value should decrease with rising temperatures, but should remain above 15 percent to prevent
irritation and drying of body tissues, e.g., eyes, skin, and respiratory tract (see Figure 40).

5.8.1.5 Temperature uniformity. The temperature of the air at floor level and at head level at
any personnel position should not differ by more than 5.5°C (10°F).

5.8.1.6 Personal equipment thermal control. When special protective clothing or personal
equipment, including full and partial pressure suits, fuel handler suits, body armor, arctic clothin
and tem%eramre regulated clothing are required and womn, a comfort micro-climate between 20°
(68°F), 14 iiiiii Hg ambicit Walet vapor pressiite iia35°C (95°F), 3 it H atiibieiit water vapor
pressure is desirable and, where possible, shall be maintained by heat transfer systems.

5.8.1.7 Thermal tolerance and comfort zones. Temperature and humidity exposure should not
exceed the effective temperatare Tmits ptven in Pigure 40 when corrected for alr velocity (Figure 39).

5.8.1.8 Limited thermal tolerance zones. Where hard physical work is to be required for more
than two hours, an environment not exceeding a wet bulb globe iemperature or wet-dry index of
25°C (77°F) shall be provided. Whets weasi ive clothing systems (which reduce
cvaporation of sweat from the skin) is required, this index shall be decreased 5°C (10°F) for
complete chemical proicctive uniforms, 4°C (7°F) for intcrmediate clothing systems, and 3°C (5°F)
for body armor.
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5.8.2 Illuminance. Where equipment is to be used in enclosures and is not subject to blackout
or special low-level lighting requirements, illumination levels shall be as specified by Table XXI and
shall be distributed so as to reduce glare and specular reflection. (Some unusual inspection tasks may
require up to 10,000 lux (1,000 footcandies).) Capability for dimming shall be provided. Adequate
illumination shall be provided for maintenance tasks. General and supplementary lighting shall be
used as appropriate to ensure that illumination is compatible with each task situation. Portable lights
should be provided for personnel performing visual tasks in areas where fixed illumination is not
provided. For display lighting, see Table XXTI.

5.8.3 Acoustical noise.

5.8.3.1 General. Personnel shall be provided an acoustical environment which will not cause
personnel injury, interfere with voice or any other communications, cause fatigue, or in any other way
degrade system effectiveness. The fact that a component which contributes to the overall noise may be
government furnished equipment shall not eliminate the requirement that the total system conform to
the criteria herein.

5.8.3.2 Hazardous noise. Equipment shall not generate noise in excess of maximum allowable
levels prescribed by MIL-STD-1474.

5.8.3.3 Non-hazardous noise. Workspace noise shall be reduced to levels that permit necessary
direct (person-to-person) and telephone communication and establish an acceptable acoustical work
environment. Criteria for workspaces are defined by either the A-weighted sound level (dB(A)) or the
speech interference level (SIL) and are given in 5.8.3.3.1 through 5.8.3.3.6.
The A-weighted sound level is the desired requirement. Where it is not possible to meet the specified
A-weighted sound level, the corresponding SIL requirement shall be met. Figure 41 provides
guidance on the relationship between required vocal-effort, speaker-to-listener distance and noise level.
Procedures for determining speech intelligibility are provided in 5.3.12.

5.8.3.3.1 General workspaces. Areas requiring occasional telephone use or occasional direct
communication at distances up to 1.5 m (5 ft) shall not exceed 75 dBA SIL. (Examples: maintenance
shops and shelters, garages, keypunch areas, shipboard engineering areas.)

5.8.3.3.2 Operational areas. Areas requiring frequent telephone use or occasional direct
communication at distances up to 150 cm (5 ft) shali not exceed 65 dBA SIL. (Examples:
operation centers, mobile command and communication shelters, combat information centers, word
processing centers.)

5.8.3.3.3 Large workspaces. Areas requiring no difficulty with telephone use or requiring
occasional direct communication at distances up to 460 cra (15 ft) shall not exceed 55 dBA SIL.
(Examples: drafting rooms, shop offices, laboratories.)

$.8.3.3.4 Smatt office spaces/speciat arens.  Arens requiring -ho difficulty with disect
communication shail not exceed 45 dBA SIL. (Examples: conference rooms, libraries, offices,
command and control centers.)

5§8.3.3.5 Extreme quiet areas. Areas roqunnng exireme gquisl shall not excecd 35 dBA SIL.
(Example: recording studios.)

5.8.3.3.6 Shipboard arcas As applicable, noise in shipboard areas requiring # specifiod spoecli
cohnunication cavironment shall he not greater than S dR above the levels specified by 5.8.3.3.1 to
S R8.33 5. Levels for spaces and categories not covered in those paragraphs shall be as given in the
detatled shipbuilding specification (e p o sonar control rooms, ward rooms). Equipment noise accep-
tance criteria to acheve specified space levels shall conform to Requirement S of MT1L.STD- 1474
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TABLE XXI. Specific task illumination requirements

lllumination Levels

|_Work area of type oftask

lux (footcandles)?

Recommended  Minimum

Assembly, missile component 1075 (100) 540 (50)
Assembly, general
coarse 540 (50) 325 (30)
medium 810 (75) 540 (50)
fine 1075 (100) 810 (75)
precise 3230 (300) 2155 (200)
Bench work
rough 540 (50 325 (30)
medium 810 (75) 540 (50)
fine 1615 (150) 1075 (100)
extra fine 3230 (300) 2155 (200)
Bomb shelters and mobile shelters, when used for rest and relief 20(2) 10 (1)
Business machine operation (calculator, digital input, etc.) 1075 (100) 540 (50)
Console surtace 540 (50) 325 (30)
Corndors 215 (20) 110 (10)
Circuit diagram 1075 (100) 540 (50)
Dials 540 (50) 325 (30)
Electrical equipment testing 540 (50) 325 (30)
Emergency fighting NA 30(3)
Gages 540 (50) 325 (30)
Hallways 251 (20) 110 (10)
inspection tasks, general
rough 540 (50) 325 (30)
medium 1075 (100) 540 (50)
fine 2155 (200) 1075 (100)
extra fine 3230 (300) 2155 (200)
Machine operation, automatic 540 (50 325 (30)
Meters 540 (50) 325 (30
Missiles:
repair and servicing 1075 (100) 0 (50)
slulage dicas S8 2y, 101G
qeneral inspection 540 (50) 325 (30)

ny
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TABLE XXI. Specific task illumination requirements (Concluded)

fux (1ooicang!lgs)‘l

Work area of g of task _ Recommended ___Minimum
Office work, general 755 (70) 540 (50)
Ordinary seeing tasks 540 (50) 325 (30)
Panels:
front 540 (50) 325 (30)
rear 325 (30) 110 (10)
Passageways 215 (20) 110 (10)
Reading:
large print 325 (30) 110 (10)
newsprint 540 (50) 325 (30)
handwritten reports, in pencil 755 (70) 540 (50)
small type 755 (70) 540 (50)
prolonged reading 755 (70) 540 (50)
Recording 755 (70) 540 (50)
Repair work: 540 (50) 325 (30)
general 2155 (200) 1075 (100)
instrument
Scales 540 (50) 325 (30)
Screw fastening 540 (50) 325 (30)
Service areas, general: 215 (20) 110 (10)
Stairways 215 (20) 110 (10
Storage:
inactive or dead 55 (5) 30 (3)
general warehouse 110 (10) 55 (5)
live, rough or butk 110 (10) 55 (5)
live, medium 325 (30) 215 (20)
live, fine 540 (50) 325 (30)
Switchboards 540 (50) 325 (30)
Tanks, comainers - 216 (20) 110 (10)
Testing:
rough 540 (50) 325 (30)
fine 1075 (100) 540 (50)
exira fine 2155 (200) 1075 (100)
Transcribing and 1abulation 1075 (100) 540 (50)

1A.s measuied al the tash abject ar 76 cm {30 in) above the floos.
Note: As a guide in determining illumination requirements the use of a steel scale with 1/64 inch divisions requires
I gou sua | ibu luutuativies; ol wahit fur opliniui visibilily.
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TABLE XXII. Recommendations for display lighting

Condition
of use

Indicator reading,
dark adaptation
necessary

Indicator reading,
dark adaptation
not necessary but
desirable

Indicator reading,
dark adaptation
not necessary

Panel monitoring,
dark adaptation
necessary

Panel monitoring,
dark adaptation
not necessary

Possible exposure
to bright flashes,
restricted daylight

Chart reading,
dark adaptation

necessary

Chait reading,
dark adaptation
not necessary

|

Lighting Brightness
Techniqucl of markings
cd/m? (footlamberts)

Red flood, indirect, 0.07-0.35

or both, with (0.02-0.1)

operator choice

Red or low-color- 0.07-0.35

temperature white (0.02-1.0)

flood, indirect, or

both, with

operator choice

White flood 3.5-70
(1-20)

Red edge lighting, 0.07-3.5

red or white flood, (0.02-1.0)

or both, with

n operator choice

White flood 35-70
(10-20)

White flood 35-70
(10-20)

i

Red or white flood 0.35-3.50

with operator (0.1-1.0)

choice

White flood 17-70
(5-20)

Brightness
Adjustment

Continuous
throughout range

Continuous
throughout range

Fixed or continuous

Continuous
throughout range

Fixed or continuous

Fixed

Coatinuous
throughout range

Fixed or continuous

| Where detection of ground vehicles or other protected assets by image intensifier night

vivons dooviees st be ianinized, bluc green light ancandescent Glament through o

e

which passes ontv wave-jengths shorter than 60 nm) shoutd be used in heu of red heht.

L1
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Note: Levels in parentheses refer to voice levels measured one meter from the mouth.

FIGURE 4]. Permissible distance between a speaker and listeners for specified voice levels
and ambient noise levels

5.8.3.4 Facility design.

5.8.3.4.1 Genemal . The workspace or facility design shall minimize the ambient noise level to
the extent feasible through effective sound reduction or atienuation to meet the criteria herein.

5.8.3.4.2 Attepuation by materials and layout Acoustic materials with high sound-absorption
coefficients should be provided as necessary in the construction of floors, walls, and ceiling to
provide the required sound control. Excessive noise in rooms and work stations should be attenuated
by such means as staggered construction of walls, staggering of doors in corridors or between rooms,
and use of thick-paned or double-paned windows.

5.8.3.4.3 Reduction of reverberation time. Where speech communication is a consideration,
the acoustical treatment of facilities should be sufficient to reduce reverberation time below the

applicable limits of Figure 42.
5.%.4 Vibration.
5.8.4.1 Whole body vibration.

5.8.4.1.1 Vehicular vibration. Vehicles for use on land, sea, or air should be designed tn
control the uunsmission of whole body vibraton o levels that will pernit safe operation and




Downloaded from http://www.everyspec.com

MIL-STD-1472E

maintenance as shown in Figure 43 (see ISO 2631). In the case of multidirectional vibration, each
direction should be evaluated independently with respect to the limits presented.

5.84.1.1.1 Safety level. In order to protect human health, whole body vibration should not
exceed twice the acceleration values shown on Figure 43 for the time and frequencies indicated.

5.8.4.1.1.2 Proficiency Jevel. Where proficiency is required for operational and maintenance
tasks, whole body vibration should not exceed the P115 acceleration values shown on Figure 43 for
the time and frequencies indicated.

5.8.4.1.1.3 Comfort level. Where comfort is to be maintained, the acceleration values shown
on Figure 43 should be divided by 3.15.
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FIGURE 42 Range of acceptable reverheration time
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_ 5.84.1.1.4 Molion sickness. In order to prevent motion sickness, very low frequency
vibration should not exceed the limits of Figure 44,

5.8.4.1.2 Building vibrations. Buildings intended for occupation by humans should be
designed/located to control the transmission of whole body vibration levels that are acceptable to the
occupants as specified by ISO 2631.

5.8.4.2 Equipment vibration. Where whole body vibrations of the human operator or parts of
the body are not a factor, equipment oscillations should not impair human performance with respect
to control manipulations or the readability of numerals or letters. Equipment vibrations in the
shaded area of the upper curve of Figure 43, should be avoided.
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50 40500
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30 40315
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iOUKE 44, The 99 percent motion sickness protection limits for human exposure
to very low frequency vibration
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5.9 Design for maintainer.

5.9.1 General.

5.9.1.1 Standardization. Standard parts shall be used whenever practicable and should meet the
human engineering criteria herein.

5.9.1.2 Special tools. Special tools shail be used only when common hand tools cannot be
used, when they provide significant advantage over common hand tools, or where required by security
considerations. Special tools required for operational adjustment maintenance should be securely
mounted within the equipment in a readily accessible location.

5.9.1.3 Modular replacement. Equipment should be replaceable as modular packages and shall
be configured for removal and replacement by one person where permitted by structural, functional,
and weight limitations. (See 5.9.11.3.)

5.9.1.4 Separate adjustability. It shall be possible to check and adjust each item, or function of
an item, individually.

5.9.1.5 Malfunction identification. Equipment design shall facilitate rapid and positive fault
detection and isolation of defective items to permit their prompt removal and replacement.

5.9.1.6 Assembly and disassembly. Equipment shall be capable of being assembled and
disassembled in its operational environment by a minimum number of trained personne] wearing
clothing appropriate to the operating environment specified for the system maintenance concept.

5.9.1.7 Clothing constraints. Equipment shall be capable of being removed, replaced, and
repaired by personne] wearing personal and special purpose clothing and equipment appropriate to the
maintenance concept, including NBC protective clothing in an NBC contamninated environment.

5.9.1.8 ggmr-Proof design. Improper mounting and installation (including interchange of items
of a same or similar form that are not in fact functionally interchangeabie) shall be prevented by
physical measures 1o (a) facilitate identification and interchange of interchangeable items (e.g.,
coding), (b) ensure proper mounting of items (e.g., alignment devices ), and (c) include cables and
connectors in identification, orientation, and alignment provisions.

5.9.2 Mounting of items within units.

5.9.2.1 Stacking avoidance. Parts should be mounted in an orderly array on a "two-
dimensional” surface, rather thar, stacked (i.e., a lower layer should pot support an upper layer, so
subassemblies do not have to be removed to access other subassemblies within the equipment.

5.9.2.2 Similer ems. Similas Mems shall utilize 3 common mounting design and orientation
within the unit. This mounting design shall preclude interchange of items which are not functionally
interchangeable. Similar items which are not functionally interchangeable shall be made
distinguishable by labeling, color coding, or marking 1o prevent unwanted substitution.

5.9.2.3 Delicate items. Components susceptible to maintenance-induced damage e.g., rough
handling, static electnicity, abrasion, contamination) shall be clearly identified and guarded from abuse
both physically and proceduratiy.

5.9 3 Adjustment controls. Controls required for mamntenance purposes shuii compiy with busic
controd design requirements in S 4 and labehing requirements in 5.5.
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5.9.3.1 Knob adjustments Knobs rather than screwdriver controls shall be used whenever
adjustments occurring more often than once per month must be performed and where access, weight,
and related considerations permit their use.

5.9.3.2 Blind screwdriver adjustments. Screwdriver adjustments made without visual access
are permissible only if mechanical guides are provided to align the screwdriver. Screw travel shall be
limited to prevent the screw from falling out of its intended position.

5.9.3.3 Reference scale for adjustment controls. A scale or other appropriate reference shall be
provided for all adjustment controls. Reference scales shall be readily visible to the person making the
adjustment. Mirrors or flashlights should not be required for adjustments.

5.9.3.4 Control limits. Calibration or adjustment controls which are intended to have a limited
degree of motion shall have mechanical stops sufficiently strong to prevent damage by a force or
torque 100 times greater than the resistance to movement within the range of adjustment.

5.9.3.5 Ciritical controls. Critical and sensitive adjustment controls shall incorporate features to
prevent inadvertent or accidental actuation. Operating any locking device used to prevent inadvertent
actuation shall not change the adjustment setting. Where the operator or maintainer is subjected to
disturbing vibrations or acceleration during the adjustment operation, suitable hand or arm support
shall be provided near the control to facilitate making the adjustment.

5.9.3.6 Hazardous locations. Adjustment controls should not be located close to dangerous
voltages, moving machinery, or any other hazards. If such location cannot be avoided, the controls
shall be appropriately shielded and labeled.

5.9.4 Accessibility.

5.9.4.1 Stuuctural members. Structural members or permanently installed equipment shall not
visually or physically obstruct adjustment, servicing, removal of replaceable equipment or other
required maintenance tasks. Panels, cases, and covers removed to access equipment shall have the
same access requirements as replaceable equipment. Mounting provisions shall be directly visible and
physically accessible to the maintainers.

5.9.4.2 Largeitems. Large items which are difficult to remove shall be so mounted that they
will not prevent convenient access to other items.

3.9.4.3. Use of tools and test equipment. Check points, adjustment points, test points, cables,
connectors, and labels shall be accessible and visible during maintenance. Sufficient space shall be
provided for the use of test equipment and other required tools without difficulty or hazard.

3.9.4.4 Rear access. Sliding, rotating, or hinged equipment to which rear access is required
shall be free to open or rotate their full distance and remain in the open position without being
supported by hand. Rear access shall also be provided to plug connectors for test points, soldering,
and pin removal where connectors require such operations. Aircraft installed equipment shall be
configured for one-sided access.

5.9.4.5 Relative accessibility. Mission critical items which require rapid maintenance shall be
most accessible. When refative criticatity 1s not a tactor, items requinng most trequent access shaii be
mnet accessible

SO0 Migh failure rate items High failure rate stems shonld be aceessible for replacement
without moviug non-failed items. Mechanical ieplaceinent itenis shall be removable with comumon
tind tools and simple handling equipment.
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5.9.4.7 Skills. Access to items maintained by one technical specialty shall not require removal
of items maintained by another technical specialty.

5.9.5 Lubrcation.

5.9.5.1 General Configuration of equipment requiring lubrication shall permit lubrication and,
as applicable, checking of lubricant reservoir levels without disassembly. Extended fittings shall be
provided to lubricant ports that would not otherwise be readily accessible or visible. The number of
service ports should be minimized by routing service lines to a centralized servicing location(s). A
clear indication that lubrication is completed shall be provided to ensure proper servicing level. Lube
fittings shall be sized to prevent coupling with improper servicing devices.

5.9.5.2 Labeling. Where lubrication is required, the type of lubricant to be used and the
frequency of lubrication shall be specified by a label mounted at or near the lube port or grease fitting.
For non-airborne equipment, a lubrication chart of permanent construction shall be mounted at the
operator station of the equipment; individual labels shall not be required when the equipment has only
one type of fitting and uses only one type of lubricant.

5.9.6 Case and cover mounting. Cover or shield holes shall be large enough for mounting
screw clearance without perfect case alignment.

5.9.7 Cases.

5.9.7.1 Orientation. The proper orientation of an item within its case shall be made obvious by
design of the case or used of appropriate labels.

5.9.7.2 Removal. Cases should lift from items rather than the converse. Equipment should be
protected from damage when cases are removed or replaced. Cases shall not require manual support to
remain in the open position during maintenance.

5.9.7.3 Size. Cases shall be sufficiently larger than the items they cover to facilitate installation
and removal with little or no case manipulation.

5.9.7.4 Guides. Guides, tracks, and stops shall be provided as necessary to facilitate handling
and to prevent damage to equipment or injury to personnel.

5.9.8 Covers.

5.9.8.1 Securing of covers. It shall be made obvious when a cover is not secured, even though
it may be in place.

5.9.8.2 Instructions. If the method of opening a cover is not obvious from the construction of
the cover itself, instriictions $hall be permanently dispiayed on the eutside of the coves. lastructions
shall consist of simple symbols such as arrows or simple words such as "push" or "push and turn.”

5.9.8.3 Clearance. Bulkheads, brackets, and other equipment shall not obstruct visual or
physical access for removal or opening of covers on equipment within which wark iust be performed
in the installed condition. Covers, doors or panels which must be opened to perform on-site
maintenance shall be visuallv and phvsicallv accessible to the maintainers.

3.9.9 Accuss vpehiips &l covers.

5.9.9.1 Application. Arn access shall be provided if frequent maintenance would atherwise
require remaving a case or covering, opening a fitting, or dismantling an item of cquipment
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5.9.9.2 Self-supporting covers. Hinged access covers that are not completely removabie shall
be self-supporting in the open position. The cover in the open position shall not obstruct required
visual or physical access to the equipment being maintained or to related equipment during
maintenance. Self-supporting covers should be capable of being opened and closed with one hand.

5.9.9.3 Labeling. Each access should be labeled with nomenclature for items visible or
accessible through it, nomenclature for auxiliary equipment to be used with it, and recommended
procedures. Accesses shall be labeled with warning signs, disclosing any hazards existing beyond the
access and prescribing precautions. Opening or removing an access cover shall not remove or visually
obstruct any hazard warning. If instructions applying to a covered item appear on a hinged door, the
lettering shall be oriented to be read when the door is open. Warning notices shall be clear, direct, and
attention-getting and have a 25 percent larger letter height than any detailed instructions that follow.

5.9.9.4 Rounding. Cover and access edges shall be rounded (See 5.13.5.4) to preclude hand
injury or clothing damage.

5.9.9.5 Physical access.

5.9.9.5.1 Arm and hand access. Openings provided for access to interior equipment shall be
sized to permit the required adjustment or handling and shall provide an adequate view of the item
being manipulated. All blind arm and hand access shall require approval of procuring activity.

5.9.9.5.1.1 Opening covers. Access covers shall be equipped with grasp areas or other means
for opening them. Covers shall accommodate handwear or special clothing that may be worn by the
maintainer.

5.9.9.5.1.2 Reach access dimensions and shape. The dimensions of access openings shall be
not less than those shown in Figure 45. Allowance shall be made for the clearance of the operator's
hand, applicable handwear, and clothing. Access shape shall provide clearance for the equipment
(including its protuberances, attachments and handles) that the maintainer must replace through the
opening, appropriate body parts, and tools.

5.9.9.5.1.3 Tool access dimensions. Access openings shall be large enough to operate tools
required for maintenance of the equipment reached through the access.

5.9.9.5.1.4 Guarding hazardous conditions. If a hazardous condition (such as exposed, high
voltage conductors) exists behind the access, the physical barrier over the access shall be equipped
with an interlock that will de-energize the hazardous equipment when the barrier is open or removed.
Both the presence of the hazard and the fact that an interfock exists shail be noted on the equipinent
case or cover such that it remains visible when the access is open. Also see 5.9.9.3.

5.9.9.5.1.5 Type of opening. Where physical access is required, the following practices shall
be followed in order of prefereace:

a. An opening with no cover unless this is likely to degrade system performance, safety, or
NBC contamination survivability.

b. A hand operated (latched, shiding, or hinged) cap or door where dirt, moisture, or other
foreign materrals might otherwise creste & probiem.

¢. A quick-opening cover plate using 1/4 turn captive fasteners if a cap will not meet stress
requirements or space prevents a hinged cover

Hiv
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MINIMAL TWO-HAND ACCESS OPENINGS WITHOUT VISUAL ACCESS

Reaching with both hands 10 depth of 150 1o 480mun:

Light clothing: Width: 200mm or the depth of resch®
Height: 126mm

Arctic clothing: Width: 150mm plus 3/4 the depth of reach
Height: 180mm

Reaching full srm’s langth {to shoulders) with bath srrw:

Width: S00mm
Height:  1265mm

inesrting box gresped by handies on the front:

13mm clsarance around box, assuming sdequsw clesnance
sround handles

Inserting box with hands on the sides:

Light clothing: Width Box pius 116mm
% Hoight:  1265mm or 13mm around box*
Arctic clothing: Width: Box plus 180mm
% Height:  216mm or 15mm sround box®
*Whichever is largar,
#if hands curl around botiom, allow an extra 3Bmm for light
clothing, 76mm for arctic ciothing.

MINIMAL ONE-HAND ACCESS OPENINGS WITHOUT VISUAL ACCESS

Height m

Empty hand, to wrist:

—_— e - —— I
Bare hand, rolled: gSmm  sq or dia "‘*&
Bare hand, fist: b5mm x I00mm or 100mm dis =
Glove or mitten: 100mm x 150mm osr 150mm dia
Arctic mitten: 125mm x 165mm or 165mm dia

Clenched hand. to wrist: @
Bare hand: 9Smm x 125mm or 125mmdia
Glove or mitten: 116mm x 150mm or 150mm dis
Arctic mitten: 180mm x 216mm or 215mm dis r:

Hand plus 1" dia object, to wrist: i
Bare hand: 85mm sq or dia ’

Gloved hand: 150mm sq or dis : <)
Arcuc mitten: 180mm sq or dis : -‘a

Hand plus object over 17" in dis, 1o wrist: ‘ -
Bare hand: 45mm clesrance stound object l‘

Glove or mitten: 65mm clearance stound object c
Arctic mitten: S0mm clesrance sround object b‘@
. v

Arm to ebow: =
Light clothing: 100mm x 115mm
Arctic clothing: 180mm sq or dis
With object: Clearances s sbove

Arm ta showlde:

Light slothing: 125mm 3q o« dis
Arctic clothing: 215mm sq or dis
With object: Clearanons as sbove

MINIMAL FINGER ACCESS TO FIRST JOINT

Push bution scoess. Bare hand: 32mm dus 3
Gloved hand:  JBmm dia

Two tinger twist accest: Bare hand: object plus S0mm %\
(g

3

1w

iy e

iU veu i, [V VT I Ry FITVOR PIAVIN J

Ploo b a0 Arm and hand access dimensinns

[N
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d. A screw-down cover, when captive fasteners cannot be used because of stress, structure or
pressurization constraints. Use minimum number of interchangeable screws to fasten door.

5.9.9.6 Visual access.. Where visual access is required, the opening shall provide a visual angle
sufficient to view all required information at the normal operating or maintenance position. The
maintainer should be provided unrestricted visual access from the work station without bending.
Where bending is required, frequency and time in the bent position shall not cause fatigue. Where
visual access only is required, the following practices shall be followed in order of precedence:

a. Opening with no cover except where this might degrade system performance or NBC
survivability.

b. Transparent window if dirt, moisture, or other foreign materials might otherwise create a
problem.

c. Break-resistant glass window if physical wear, heat, or contact with solvents would
otherwise cause optical deterioration.

d. Quick-opening opaque cover if glass will not meet stress or other requirements.

5.9.9.7 Whole body access. Where whole body access is required, the opening shall
accommodate 95% of projected maintenance personnel. Where rescue of personnel may be required
because of environmental hazards (e.g., toxic fumes inside fuel tanks), access openings for two-
person ingress and egress shall be provided.

5.9.9.8 Access cover attachment. Covers shall be attached with the fewest number of simplest-
to-operate fasteners practicable. Fasteners shall be operable by hand or by common hand tools in that
order of preference. Small, removable covers shall be attached to the structure or otherwise retained to
prevent loss.

5.9.10 Fasteners.

5.9.10.1 General The number and diversity of fasteners used shall be minimized
commensurate with stress, bonding, pressurization, shielding, thermal, and safety requirements.
When more than one size or type fastener is used on the same equipment or cover, the fasteners-
equipment-cover interface shall permit the maintainer to readily distinguish the intended location of
each fastener. Finger or hand-operated fasteners shall be used when consistent with these
requirements, except where screws with heads flush with the case or fastening surface are required for
NBC survivability. Fasteners requiring aon-standard tools shall not be used.

5.9.10.2 Hioges and tongue-and-siot catches. Hinges, tongue-and-slot catches and mounting
pins shall be used to minimize the number of fasteners required; however, where covers are subject to
NBC survivability requirements, pin and hook arrangements, rather than hinges, should be used.

5.9.10.3 Captive fasteners. Captive fasteners shall be used where dropping or losing such
items could cause damage to cguipmem or create a difficult or hazardous removal problem. Captive
fasteners shali also be provided for access covers requiring frequent removal.

pressurization, shielding, or safety requirements, the mimimum number consistent with these
rcquirements shall be used.

S YA Pastener heat Ly
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5.9.10.5.1 High-torque fasteners. External hex or external double-hex wrenching elements
shall be provided on all machine screws, bolts or other fasteners requiring more than 14 Nem
(10 1bfeft) of torque. When external wrenching fasteners cannot meet the mechanical function or
personnel safety requirements, or in limited access situations, and where use is protected from
accumulation of foreign material, internal wrenching fasteners may be used. Direct tool access shall be
provided to allow for torquing without the use of irregular extensions.

5.9.10.5.2 Low-torque fasteners. External-hex wrenching head, internal-hex wrenching head,
combination head (internal-hex or straight recess and external-hex wrenching head), or Torg-set
fasteners, should be provided where less than 14 Nem (10 Ibfeft) torque is required. Internal-
wrenching fasteners shall be provided only where a straight, or convex, smooth surface is required for
mechanical function or personnel safety, and where use is protected from accumulation of foreign
material (e.g., ice, snow). Straight-slot or cross-recess type internal grip fasteners shall not be
provided, except as woud fasteners or where these type fasteners are provided on standard commercial
items.

5.9.10.5.3 Common fasteners. Whenever possible, identical screw and bolt heads shall be
provided to allow panels and components to be removed with one tool. Combination bolt beads such
as slotted hex head should be sclected whenever feasible. ldentical fasteners shall not be used where
removal of wrong fastener can result in equipment damage or change to calibration settings.

5.9.10.6 Accessibility. The heads of mounting bolts and fasteners should be located on
surfaces readily accessible to the maintainer. Both hand and tool access shall be provided to the
unthreaded or loosened fastener.

5.9.10.7 Number of turns. Fasteners for mounting assemblies and subassemblies shall require
a minimum number of turns, compatible with stress, alignment, positioning, and load considerations.
When machine screws or bolts are required, the number of turns and the amount of torque shall be no
more than necessary to provide the required strength except when a cornmon fastener is utilized. All
itemns requiring removal for daily or more frequently scheduled inspections and servicing shall use
quick release fasteners.

5.9.10.8 Torque labeling. When fastener torquing to meet EMU/RFI shielding, thermal
conductance or other constraints is required for organizational or intermediate level maintenance
actions, an instructional label or placard should be provided near the fasteners. Such labels shall
comply with requirements of 5.5 and specify required torque value and torquing sequence.

5.9.11 Unit design for efficient handling.

5.9.11.1 Rests and stands. When required for maintenance tasks, rests or stands should be
provided for placing units, test equipment, tools, technical orders, and manuals. When permitted by
design requirements, such rests or stands shall be part of the basic unit, rack, or console chassis.

5.9.11.2 Extensions. Extensions and connected appurtenances, accessories, utilities, cables,
wave guides, hoses, and similar items shall not interfere with removing, replacing, or carrying an
item. If such extensions and connected appurtenances interfere with these tasks, they shall be easily
removed or discornecied frum the equipment before handling. Easy disconnect shall consist of hand
operable quick disconnect or standard hand tool operable disconnects in that order of preference.

5.9.11.3 Weight.
5911.3.1 Lifting limits. The weight limits in Table X X111, conditions A and B, shali be usd

4~ maximum values in determining the design weight of nems requinng one person lifting with two
hands. Double the weight limirs in Table XX H1 shall be used as the maxnum values in delermiilig
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the design weight of items requiring two person lifting, provided the load is uniformly distributed
between the two lifters. If the weight of the load is not uniformly distributed, the weight limit applies
to the heavier lift point. Where three or more persons are lifting simultaneously, not more than 75
percent of the one-person value may be added for each additional lifter, provided that the object lifted is
sufficiently large that the lifters do not interfere with one another while lifting. Where it is not possible
to define the height to which an object will be lifted in operational use, the limit wherein the object is
lifted to shoulder height shall be used rather than the more permissive bench height value. The values
in Table XXTII are applicable to objects with or without handles.

TABLE XXIII. Design weight limits

HANDLING FUNCTION POPULATION
e
Male and Female Male Only
A. Lift an object from the floor and place it on a surface 16.8 kg (371b) | 25.4 kg (56 Ib)

not greater than 152 cm (S ft) above the floor.

B. Lift an object from the floor and place it on a surface 200kg(441b) | 39.5kg (87 1b)
not greater than 91 cm (3 ft) above the floor.

C. Carry an object 10 m (33 ft) or less. 19.0 kg (42 1b) 37.2kg (82 1b)

5.9.11.3.2 Lifiing frequency. The equipment weight limits in Table XXII are not for repetitive
lifing as found, for example, in loading or unloading transport vehicles. If the frequency of lift
exceeds one lift in 5 minutes or 20 lifts per 8 hours, the permissible weight limits shall be reduced by
(8.33 x LF) percent, where LF is the lift frequency in lifts per minute. For example, if the lift
frequency is 6 lifts per minute, then the maximum permissible weight is reduced by 50 percent (8.33 x
6 = 50).

5.9.11.3.3 Load size. The maximum permissible weight lift limits in Table XXIII appty to an
object with uniform mass distribution and a compact size not exceeding 46 cm (18 in} high, 46 cm (18
in) wide, and 30 cm (12 in) deep (away from the lifter). This places the hand holds at half the depth,
or 15 cm (6 in) away from the body. If the depth of the object exceeds 61 cm (24 in) the permissible
weight shall be reduced by 33 percent. If the depth of the object exceeds 91 cm (36 in), the
permissible weight shatt be reduced by 50 perceat. If the depth of the object exceeds 122 cm (48 in),
the permissible weight shall be reduced by 66 percent.

5.9.11.3.4 Qbstacles. The values in Table XXTIT assume that there are no obstacles between the
person lifting and the shelf, table, bench or other surface on which the object s to be ptaced. Where a
lower protruding shelf or other obstacle limits the lifter's approach to the desired surface, the weight
limit of the object shall be reduced by 33 percent

5.9.11.3.5 Carrying limits. The weight limit in Table XXTH condition C shati be used as the
maximum value in determining the design weight of items requiring one person carrying of objects a
distance of up to 10 m (33 {1). The maximum permissible weight for carrving also applies to an object
with a handie on top, such as a tool box, which usually is carried at the side with one hand. Doublc
this weight carrying Timit shall be used as the maximum vatue i dewianing the design weight of
items requiring two-person carrying, provided the load is uniformly distributed between the two
carriers. Where three or more persons are carrving a luad together, not more than 75 percent of the
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one-person value may be added for each additional person and provided that the object is sufficiently
large that the workers do not interfere with one another while carrying the load. In all cases involving
carrying, it is assumed that the object is first lifted from the floor, carried a distance of 10 m (33 ft) or
less, and placed on the floor or on another surface not higher than 91 cm (36 in). If the final liftisto a
higher height, the 152 cm (5 ft) lift height applies as the more limiting case.

5.9.11.3.6 Carrying frequency. The reduction formula expressed in paragraph 5.9.11.3.2 shall
be applied to repetitive carrying in the same manner as for repetitive lifting.

5.9.11.3.7 Object carry size. The reduction formula expressed in paragraph 5.9.11.3.3 shall be
applied to size of objects to be carried in the same manner as for load size.

5.9.11.3.8 User population The “Male and Female” population values in Table XXTII shall
apply to any object to be lifted or carried manually; the “Male Only"” population values apply only as
specified by the procuring activity. i

5.9.11.3.9 Labeling. Items weighing inore than the one-person lift or carry values for the “Male
and Female” Population of Table XXIII shall be prominently labeled with weight of the object and lift
limitation, e.g., mechanical or two-person lift, three-person lift. Where mechanical or power lift is
required, hoist and lift points shall be provided and clearly labeled.

5.9.11.4 Push and pull forces.

5.9.11.4.1 Horizontal. Manual horizontal push and pull forces required, to be applied initially
to an object to set it in motion or to be sustained over a short period of time, shall not exceed the values
of Table XXIV, as applicable, or those given in Figure 21, if more appropriate to the force and
movement charactenstics of the task. The values shown in Table XXTV apply to males only and
should be modified for females. (Two-thirds of each vatue shown is considered to be a reasonabie
value for females.) (See Table 1.)

5.9.11.4.2 Vertical. Manual vertical push and pull forces required shall not exceed the
applicable fifth percentile peak or mean force values of Table XXV, or those given in Figure 21, if
more appropriate to the force and movement characteristics of the task.

5.9.11.5 Handles and grasp areas.

5.9.11.5.1 General Allitems designed to be carried or removed and replaced shall be
provided with handles or other suitable means for grasping, handling, and carrying (where
appropriate, by gloved or mittened hand). ltems requinng handiing shouid be provided with not less
than two handies or one handle and one grasp area. Items weighing less than 4.5 kg (10 1b) whose
form factor permits them (o be handied easily shall be exempt from this requirement ualess otherwise
specified by the procuring activity.

5.9.11.5.2 Location. Whenever possibie, handles, grasp areas, or hoist points shall be
located above the center of gravity and in a manner to preclude uncontrolled swinging or tilting when
lifted. They shall be located to provide at least 5 cm (2 in) of clearance from obstructions during
handling. The location of handles shall not interfere with installing, removing, operating, or
maintaining the equipment.

59.11.5.3 Nonfixed handles. Nonfixed handles (e.g.. hinged or fold-out) shall have a stop
position for holding the handle perpendicular to the surface on which it is mourited and shall be capable
of being placed into carrving position by one hand (where appropriate. by a gloved or mittened hand)
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5.9.11.5.4 Grasp surface. Where an item's installation requires that its bottom surface be used
as a handhold during removal or installation, a nonslip grasp surface (e.g., grooved, knurled, or
frictional) shall be provided.

5.9.11.5.5 Handle dimensions. Handles which are to be used with mittened, gloved, or
ungloved hands shall equal or exceed the minimum applicable dimensions shown in Figure 48.

5.9.11.5.6 Handle and grasp area force requirements. Force requirements to operate handle
and grasp areas other than controls covered by paragraph 5.4 shall not exceed the values in Figure 21.

5.9.11.5.7 Handle material. Handles or grasp areas used with bare hands should have surfaces
that are not thermally (see 5.13.4.6) or electrically conductive. The surface shall be sufficiently hard to
prevent embedding of grit and grime during normal use.

5.9.12 Mounting.
5.9.12.1 General Equipment configuration shall preclude improper mounting.

5.9.12.2 Tools. Items maintained at the organizational level shall be replaceable using only
common hand tools.

5.9.12.3 Removal. Replaceable items should be removable along a straight or slightly curved
line, rather than through an angle.

5.9.12.4 Alignment. Items which must be precisely located or which incorporate rack and
panel connectors shall utilize guide pins or their equivalent to assist in alignment during mounting.

5.9.12.5 Coding. Coding by such means as color or labels shall identify the correct item and
its proper orientation or replacement. Where required to expedite field repair, wire bundles of more
than five wires shall be label- and color-coded.

5.9.12.6 Rollout racks, slides or hinges Items which must be pulled out of their installed
positions shall be mounted on rollout racks, slides, or hinges. Rollout racks pulled to the fully
extended position should not shift the center of gravity to the point where the rack or console becomes
unstable. If this possibility exists, the console or rack shall be safely secured.

5.9.12.7 Limit stops. Limit stops shall be provided on racks and drawers which are required to
be pulled out of their installed positions. Rollout racks and drawers shall be self-locking in the
retracted and extended positions. The limit stop design shall permit convenient overriding of stops for
rack or drawer removal.

5.9.12.8 Interlocks. Interlocks shall be provided to ensure disconnection of equipment that
would otherwise be damaged by withdrawal of racks or drawers. Equipment design should obviate
the need for interlocks.

5.9.12.9 Hinged mounting. Hinged items shall be provided with a brace or other means of
support to hold equipment in the "out" position for maintenance if it is not free to rotate and remain in
the "out” position without support.

S0.12.10 Layout Units shall be laid out so that 2 minimum of place-to-place movements will
be required during checkout.

S 932 11 Covers or panels. Removal of anv replaceable item shall require opening or
ICOVING o Dinumum number of covers or panels.

*N



Downloaded from http://www.everyspec.com

MIL-STD-1472E

TABLE XXIV. Horizontal push and pull forces exertable intermittently
or for short periods of time (male personnel)

HORIZONTAL APPLIED WITH?
FORCE}

b TN
100N (25 Ib) both hands or one
push or pull shoulder or the back

200N (45 Ib) both hands or one
push or pull shoulder or the back
250N (55 Ib) one hand

push

300N (70 Ib) both hands or one
push or pull shouider or the back
500N (110 Ib) | both hands or one
push or pull shoulder or the back
750N (165 Ib) | the back

push

CONDITION
{m = Coefficient of Friction)

Low traction: 0.2 <p< 0.3

Medium traction: p ~ 0.6

if braced against a vertical wall 51-152 cm (2060 in) from
and paraliel to the push panel

High traction: m > 0.9

if braced against a vertical wall 51-178 cm (20~70 in) from
and parallel to the pane! or if anchoring the feet on a
perfectly nonslip ground (like a footrest)

it braced against a vertical wall 51-178 cm (20-70 in.) from
and parallel to the panel or it anchoring the feet on a
pertectly nonslip ground (like a footrest)

1May be doubled for two and tripled for three operators pushing simultaneously. For the fourth and each
additional operator, not more than 75% of their push capability should be added.

2500 figure 46 for examples.

Note: Values are predicated upon a suitable surface for force exertion, i.e., a vertical, rough surface,
approximately 40 cm (16 in) wide, and 510 - 127 cm (20 - 50 in) above the floor to allow force
application with the hands, the shoulder, or the back.

5.9.13 Conductors.

5.9.13.1 Coding. Cables containing individually insulated conductors with a ccmmon sheath
shall be coded every 30 cm (12 in).

5.9.13.2 Cable clamps. Unless witing ducts or conduits are used, mechanicatty (not

adhesively) mounted cable clamps shall be provided to ensure correct routing of electrical cables within

and between equipment items to ensure that cables do not hinder or obstruct equipment maintenance
and to facilitate the mating of cables with their associated equipment items, and to prevent chafing due
to contact with adjacent structure. Al clamps shatt be visible when equipment 1s mstalled.

S.9.13.2 1ength. Cables shall be long enough so that required checking of any functioning item

can be accomplis

1n a convenient place. Extension cables shall be provided where this is not
feasible. Cablos shisll peiinit dweddout uf cach functioning item located in drawers or pullout racks
without having to remove the item from its installed location.
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LOW/MEDIUM/HIGH TRACTION

USE OF FOOTREST

BRACED AGAINST VERTICAL WALL

[ R
\ @

FIGURF 46 Examples of push force conditions for Table XXIV

b
e
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Table XXV. Static Muscle Strength Data

 5th Percentile

Strength measurements Men
(see figure 47) i
A Standing two-handed pull:
38 cm level l
Mean force | 738 (166)
Peak force | 845 (190)
B Standing two-handed pull:
50 cm level
Mean force 758 (170)
Peak force 831 (187)
C Standing two-handed pull:
100 cm level
Mean force 444 (100)
Peak force 504 (113)
D Standing two-handed push:
150 cm level
Mean force 409 (92)
Peak force . 473 (106)
E Standing one-handed pull:
100 cm level !
Mean force 215 (48)
Peak force - 259 (58)
F Seated one-handed pull: |
Centerline, 45 cm level i
Mean force 227 (81
Peak force 273 (61)
G Seated one-handed pull:
Side, 45 cm level
Mean force 240 (54)
Peak force 273 (61)
H Seated two-handed pull:
Centerline, 38 cm level
Mean force 595 (134)
Peak force 699 (157)
I Seated two-handed pull
Centerline, 50 cm levei
Mean force 525(118)
Peak force 596 (134)

331
397

326
374

185
218

153
188

103
132

106
126

109
134

242
285

204
237

(46)
(53)

1354

1437

- 1342

1442

921
988

- 1017

1054

628
724

678
758

659

1221

1324

1052

1189

Percentile Values in Newtons (Pounds)

95th Percentile
" Women

-1

(304)
(323)

(302)
(324)

(209)
(222)

(229)
(246)

(141)
(163)

(152)
(170)

(136)
(148)

(274)
(298)

(237)
(267)

!
!
|
{

818 (184)
888 (200)

841 (189)
905 (203)

443 (100)
493 (111)

380 (85)
430 (97)

284 (64)
322 (7))

392 (88)
451 (101)

337 (76)
395 (89)

770 (173)
842 (189)

632 (142)
697 (157

i
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A. STANDING TWO—HANDED PULL: 38 cm (15”) LEVEL

STANDING WITH FEET 45 cm (18”) APART AND KNEES
BENT. BENDING AT WAIST, GRASPING BOTH

SIDES OF 45 cm (18”) LONG HANDLE L OCATED DIRECTLY
IN FRONT, 38 cm (15”) ABOVE STANDING SURFACE,

AND PULLING, USING PRIMARILY ARMS, SHOULDERS
AND LEGS.

B. STANDING TWO—HANDED PULL: 50 cm (20”') LEVEL

STANDING WITH FEET 45 cm (18”) APART AND KNEES
STRAIGHT. BENDING AT WAIST, GRASPING BOTH

SIDES OF 45 cm (18”) LONG HANDLE LOCATED DIRECTLY
IN FRONT, 50 cm (20”) ABOVE STANDING SURFACE,

AND PULLING, USING PRIMARILY ARMS AND
SHOULDERS.

C. STANDING TWO-HANDED PULL: 100 cm (38”) LEVEL

STANDING ERECT WITH FEET 45 em (18”) APART,
GRASPING BOTH SIDES OF 45 cm (18”) LONG HANDLE
LOCATED DIRECTLY IN FRONT, 100 em (39") ABOVE

STANDING SURFACE, AND PULLING, USING THE
ARMS.

FIGURE 47 Static muscle strength data

by
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D. STANDING TWO-HANDED PUSH: 150 cm (59”) LEVEL

STANDING ERECT WITH FEET 45 cm (18”) APART, GRASPING
FROM BELOW, BOTH SIDES OF 45 cm (18”) LONG HANDLE
LOCATED DIRECTLY IN FRONT, 160 em (59™) ABOVE
STANDING SURFACE. PUSHING UPWARD USING ARMS

AND SHOULDERS.

E. STANDING ONE-HANDED PULL: 100 cm (39"} LEVEL

STANDING ERECT WITH FEET 15 cm (6”) APART,
DOMINANT HAND GRASPING UNDERSIDE OF
D-—-RING LOCATED DIRECTLY TO THE SIDE,

100 cm (39"} ABOVE STANDING SURFACE. PULLING
UPWARD WHILE KEEPING SHOULDER SQUARE

AND OTHER ARM RELAXED AT SIDE,

F. SEATED ONE—-HANDED PULL: SEAT CENTERLINE
45 cm (18) LEVEL
SITTING ERECT WITH FEET 65 cm (22} APART,
DOMINANT HAND GRASPING UNDERSIDE OF D-
RING LOCATED DIRECTLY TO THE FRONT, 45 ¢m
(18”) ABOVE THE FLOOR, PULLING UPWARD WHILE
KEEPING SHOULDERS SQUARE AND OTHER ARM
RESTING IN LAP.

FIGURF 47 Static musele strength data (Continned)
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G.SEATED ONE-HANDED PULL: SIDE OF SEAT,
45 em LEVEL

SITTING ERECT WITH FEET 85 cm (22”) APART,
DOMINANT HAND GRASPING UNDERSIDE OF
D-—-RING LOCATED A SHORT DISTANCE TO
SIDE, 45 cm (18”) ABOVE THE FLOOR. PULLING
UPWARD WHILE KEEPING SHOULDERS

SQUARE AND OTHER ARM RESTING IN LAP,

H. SEATED TWO-HANDED PULL: CE

SEAT, 38 cm (15”) LEVEL

SITTING ERECT WITH FEET 55 cm (22”) APART. BENDING
SLIGHTLY AT WAIST, GRASPING BOTH SIDES OF

15 em (6”) LONG HANDLE LOCATED DIRECTLY TO THE
FRONT, 38 cm {15”) ABOVE THE FLOOR. PULLING
UPWARD, USING ARMS AND SHOULDERS, KEEPING
ARMS OFF THIGHS.

. BEATED TWO-HANDED PULL: CENTERLINE OF

SITTING ERECTWITH FEET 55 cm (22”) APART. BENDING
SLIGHTLY AT WAIST, GRASPING BOTH SIDES OF

15 om (6"} LONG HANDLE LOCATED DIRECTLY TO THE
FRONT, 50cm (20"") ABOVE THE FLOOR. PULLING
UPWARD, USING ARMS AND SHOULDERS, KEEPING
ARMS OFF THIGHS.

FIGURE 47. Static muscle strength data (Concluded)
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DIMENSIONS IN mm (in Inches)

ILLUSTRATION L:\:IED?.Z ‘Bare Hand) {Gloved Hand) {Mittened Hand)
X v 2z X Y Z|x v 2z
AN Two-finger bar 32 65 75 38 7% 75 | Not Applicable

}1-1/4)(2-1/2) 3 {01/2) (30 )
-hand ba 48 11 75| SO 126 100 | 75 135 150
T S |0 L dmeas @ | @ 6 @ | B8 6
<, \l\/ Two-hand bar a8 215 75 | 50 270 100| 75 280 1s0
> 1-7/8)1(8-1/2) 3) | (2 (101/20 (@ | B (1) (6l
T-bar 38 100 75 80 115 100 | Not Applicable

K1-1/2) (4) (3) | (2) (&-1/2) (&)

M
V>\
< J-bar 50 100 75 |50 115 100 |75 125 150
<. ) 20 (@ ) | (2 @121 8 |3 (s (6)
zy\

Two-finger recess | 32 65 60 38 8 50 Not Applicatle

0 (1-1/4)(2-1/2) (2) {(1-1/2)} (3)  (2)
,>\ One-hand recess s0 110 90 80 135 100 80 135 125
e (2) (#1/4) (3-1/2)[(3-1/2)(8-1/4) (&) [(3-1/2)(5-1/4) (5)

Finger-tip recess

One-finger recess

19 - 13
(3/4) (1/2)
32 - 60

i(3-174) (2)

5 - 18

e} (3/4)

38 - 50
{1-1/2) (2)

Not Applicable

Not Apptlicable

Curvature of Handle

Minimum Olameter

or Edge Weight of {tem
-6
(DOES NOT Up to 6.8 kg (up 10 15 Ibs) D mm
p 6.2 to 9.0 kg {15 to 20 ths}
RECLUDC 9.0 10 18 kg {20 10 40 tbs
USE OF Over 18 kg lover 40 lbs!

OVAL HAaluLE:L)

1-bar Post

O-13mm {% in)
D-19 mm (% r)
D -25mm {1 in}

T—-13mm (%2 in)

(% in)

Gripping efficiency is best
tf finger can curl around
handie or edge to any
angle nf Z m rad (1209}
or more,

FIGURE 48. Minimum handle dimensions
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5.9.13.4 Cable routing. Cable routing shall not obstruct visual or physical access to equipment
for operation or maintenance.

5.9.13.5 Access. Cables shall be routed so as to be accessible for inspection and maintenance.

5.9.13.6 Susceptibility to abuse. Cables shall be routed or protected to preclude mechanical
damage and abuse, including damage by doors, lids, use as steps or hand holds, or being bent or

twisted sharply or repeatedly.

5.9.13.7 Identification. Cables shall be labeled to indicate the equipment to which they belong
and the connectors with which they mate.

5.9.14 Connectors.

5.9.14.1 Use of quick disconnect plugs. Plugs requiring no more than one tum, or other quick-
disconnect plugs, shall be provided whenever feasible.

5.9.14.2 Keying. Connector design shall prevent a plug from being inserted into an incorrect
receptacle and preclude damage to the plug or receptacle resulting from such attempted insertion.

5.9.14.3 Identification. Electrical plugs and receptacles shall also be identified by color, shape,
size, or equivalent means to facilitate identification when multiple, similar connectors are used in
proximity to each other.

5.9.14.4 Alignment. Plugs and receptacies shall be provided with aligning pins, keyways, or
equivalent devices to aid in alignment and to preclude inserting in other than the desired position.

5.9.14.5 Aligning devices. Aligning devices shall ensure that alignment is obtained before the
electrical seals or pins engage.

5.9.14.6 Oricntation. Plugs and receptacles shall be arranged so that the aligning devices are
oriented in the same relative position.

5.9.14.7 Coding. Plugs and receptacles shall have durable strips, arrows, or other indications
to show the positions of aligning pins or equivalent devices for proper insertion.

5.9.14.8 Spacing. Connectors shall be spaced far enough apart so that they can be grasped
firmly for connecting and disconnecting. Space between adjacent connectors, or between a connector
and any adjacent obstructions, shall be compatible with the size and shape of the plugs, and the type of
clothing worn by the maintainer (e.g., cold weather handwear, NBC gloves), but shall be not less than
25 mm (1 in), except where connectors are to be sequentially removed and replaced and 25 mm (1 in)
clearance is provided in a swept area of not less than 270° around each connector at the start of its
removal/rep t sequence. Spacing shall be measured from the outermost portion of the
connector, i.e., from the backshell, strain relief clamp, dust cover or EMI/RFI shield. Where high
torque is required to tighten or loosen the connector, space shall be provided for use of a connector
wrench.

5.9.14.9 Testing and servicing. The rear of plug connectors shall be accessible for testing and
servicing, except where precluded by potting, sealing. or other requirements.

3.9.14. 10 Drawer modules. Whoere fousible, ictwovable diawes iodules ahiall be provided with
connectors mounted on the back of the drawer to mate with connectors in the cabinet to accomplish
clecuical interconnection between the drawer, other equipment in the rack, and external connectors.
Guide pins or equivalent devices shall be provided to aid in connector alignment and mating.
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5.9.14.11 Electronic modules. Replacement electronic items (e.g., modules and high-failure-
rate components) should be provided with simple plug-in, rack-and-panel type connectors.

5.9.14.12 Disassembly and adapters. Disassembly of connectors to change pin connections
should be performed without special tools. When adapters are required, they shall be capable of being
hand-tightened.

5.9.14.13 Protective covers. If protective covers are required, captive types shall be used.

5.9.15 Test points.

5.9.15.1 Adjustment. Test points shall be located sufficiently close to the controls and displays
used in the adjustment so that maintainer place-to-place movement is not required during the
adjustment process. Test points for adjustment shall be physically and visually accessible in the
installed condition by the maintainer without removing other items.

5.9.15.2 Trouble-shooting. Troubleshooting shall not require removal of subassemblies from
assemblies.

5.9.16 Test equipment.

5.9.16.1 Storage. Adequate storage space shall be provided within portable test equipment, its
handling case, or lid to contain leads, probes, spares, manuals, and special tools, as required for
operation.

5.9.16.2 Instructions. Instructions for operating portabie test equipment shall be provided on
the face of the test equipment, in a lid, or in a special compartment. Instructions shall be directly
readable while test equipment is being operated. Periodic calibration records including tolerance check
values, shall be placarded on the equipment where appropriate. Where applicable, the instructions
shall include a reminder to calibrate the equipment and calibration procedures.

5.9.17 Failure indications and fuse requirements.

5.9.17.1 Indication of equipment failure.

5.9.17.1.1 Power failure. An indication shall be provided to reveal when power failure occurs
(see 5.2.2.1.4).

5.9.17.1.2 Qut-of-tolerance. A display shall be Aﬁrvovided to indicate when an equipment item
has failed or is not operating within tolerance limits. mission essential electronic computer and

peripheral components which are part of a system shall incorporate an automatic self-check diagnostic
of software and hardware at power up and at the request of the operator to assure they are functioning

property.

5.9.17.1.3 Critical malfunctions. If equipment is not regularly monitored, an audio alarm shall
be provided to indicate malfunctions or conditions that would cause personnel injury or equipment
damage. If an audio atarm wouid compromise covert operation of equipiment, a visible alest shall be
displayed.

5.9.17.2 Fuses and circuil breakers.

5.9.17.2.1 General A positive indication shall be provided to reveal that a fuse or circuit
breaker has opened a circuit
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5.9.17.2.2 Replacement and resetting. Fuses shall be readily accessible for removal and
replacement. No other components shall require removal in order to gain access to fuses. No special
tools shall be required for fuse replacement unless required by safety considerations. When resetting
of circuit breakers is permissible, and is required for system operation during a mission, the breakers
shall be located within reach of crew members in their normal operating posture.

5.9.17.2.3 Markings. Equipment served by the fuse or circuit breaker shall be identified in
accordance with section 5.5. Labeling of fuses and circuit breakers shall be legible in the anticipated
ambient illumination range for the operator's location.

5.9.17.2.4 Circuit breaker controls. Toggle bat and legend switch actuated circuit breakers may
be used to control electrical power. Push-pull type breakers shall not be used as power switches.

5.9.17.2.5 Circuit breaker dimensions and separations. Dimensions and separation for toggle
bat actuated breakers should comply with Figure 13. Legend switch actuated breakers should comply
with the dimension and separation criteria shown in Figure 14. Push-pull actuated circuit breaker
separation should comply with Table XI.

5.9.18 Printed circuit boards. Printed circuit boards shall be designed and mounted for ease of
removal and replacement, considering such factors as finger access, gripping aids and resistance
created by the mounting device. Appropriate feedback shall be provided to insure that the technician
knows when the board is securely connected.
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5.10 Design of equipment for remote handling.

5.10.1 Characteristics of equipment to be handled remotely.

5.10.1.1 Alignment. Self-alignment devices shall be provided for components which must be
joined remotely.

5.10.1.2 Disconnect. Quick-disconnect devices shall be provided for items that must be
disconnected remotely.

5.10.1.3 Fasteners. Fasteners shall be captive and readily replaceable by remote-handling
techniques.

5.10.1.4. Lock and Jatching mechanisms. Each lock or latching mechanism shall be operable
from a single point, have a positive catch, and provide a clear visual indication of the latch position.

5.10.2 Feedback Feedback shall be provided from remote work areas to the operator of the
remote-handling system. Visual information shall be regarded as most critical, followed, in order, by
kinesthetic, tactual, and auditory feedback.

5.10.3 Manipulators.
5.10.3.1 Safety. Power manipulators shall be provided with positive stops to prevent accidents.

5.10.3.2 Characteristics. For tasks requiring manipulative dexterity and load capacities of less
than 10 kg (22 Ib), manipulators with the following characteristics should be provided:

a. Position control (i.e., zero-order control in which the operator's controf output directly
determines the machine output).

b. Mutual force reflection between control and effector.

c. Seven degrees of freedom in motion and force control (i.e., three for translation, three for
rotation, and one for gripping).

5.10.3.3 Power assist. For tasks involving gross positioning of loads heavier than 10 kg (22
Ib), electrically or hydraulically powered manipulators with rate control should be provided (i.e., the
operator's control output should directly determine the rate of change of the machine output).

5.10.4 Viewing equipment.

5.10.4.1 General A viewing system shall be provided which gives the operator of a remote
manipulator adeguate information with respect to the three spatial coordinates of the workspace (i.c.,
X,Y,and Z).

5.10.4.2 Direct viewing. When permitted by shielding requirements, provision shall be made
for the operator to view the work directly through shiclding windows.

$.10.4.3 Viewing angie. In order to avord dhstortion, requirements for direct viewiag of
cbjects near the viewing window or at line-of-sight angles greater than 60° should be avoided.

S 104 4 Indirect viewing Indirect viewing svstems (¢ g.. closed circuit television svstems.
periscopes, and microscopes) shall be provided to supplement direct viewing, where required by
specitic remote-handling situations.

| 36
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5.10.4.5 Coding. For television viewing, symbol-or pattern-coding should be used in
preference to color-coding.

5.10.4.6 Lettering. Letters, numbers, and important details that must be viewed by television
shall be light against a dark background. Glazed or reflecting surfaces shall be avoided.

5.10.4.7 Stereo viewing. The two images produced by a stereoscopic periscope shall not differ
more than 2% in magnification or 0.50 prism diopter in vertical imbalance. Horizontal imbalance shall
be not greater than 0.50 prism diopter so as not to be fatiguing. Light transmittance of the two optical
paths should be within 10% of each other.

5.10.5 Dlumination.

5.10.5.1 Reflected light. Unless otherwise specified by the procuring activity, reflected light
from remote work areas, as measured at the operator's work station (in direct viewing), shall conform
to the requirements of this standard.

5.10.5.2 Threshold viewing. Monochromatic lighting should be provided when viewing
conditions are near threshold, when high magnification powers are required, or when the operator is
required to view the work at high angles of incidence through refractive materials.

e
4
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5.11 Small systems and equipment.

5.11.1 Portability and load carrying. Individual portions of equipment shall be designed so that,
when carried, the weight of the load will be distributed through as many muscle groups as possible.
Pressure should be avoided or minimized on sensitive areas, including large blood vessels, nerves and
areas lacking muscular padding. Design of load-carrying systems shall be compatible with the weight
and distribution of individual items to be carried by the user. (The weight of the items to be carried
varies according to the climatic zone, mission to be performed, and occupational specialty. See Table
XXVI for weights of representative individual items that an infantry rifleman carries in temperate hot
weather areas.) Load carrying systems shall be provided with a quick-release capability. In general,
portable refers to an item that is carried a distance of not more than 2 km (1.24 miles). For items to be
carried up to 10 meters (33 ft.), see 5.9.11.3.5-5.9.11.3.7.

5.11.1.1 Portability.

5.11.1.1.1 Weight Individual portions of equipment may weigh up to 16 kg (35 Ib) if the Joad
is balanced and is distributed over many muscle groups and it is not necessary for the individual
carrying the load to maintain the pace of an infantry movement.

5.11.1.1.2 Lifting aids. When necessary, lifting aids shall be provided to permit a second
person to assist the porter in placing the load on the body.

5.11.1.1.3 Configuration. The load should be designed to permit freedom of movement. The
shape of the load should be free of sharp edges or projections that may be harmful to the porter or snag
on undergrowth. The shape and weight of the load should not interfere with (a) the length of step, (b)
movements of the head, (c) the ability to raise and lower the load when going over obstacles, (d) the
ability to see where the feet are placed when walking, (¢) the ability to squat, (f)
regulation of body temperature, or (g) the maintenance of normal posture.

5.11.1.1.4 Carrying by two persons. Where the load is designed for carrying by two persons,
a combination of stretcher type handles and shoulder support should be used, if feasible.

5.11.1.1.5 Standardization. Maximum use should be made of standard load carrying systems
or components.

5.11.1.2 Transportability by personnel.

5.11.1.2.1 Weight. Individual portions of equipment should weigh as little as possible if the
system is to be manually transported by an individual on foot while maintaining pace with an infantry
movement.

5.11.1.2.2 Load carying. The total load carried by an individual, including clothing, weapons
and equipment for clase cambat operations, should not exceed 30% of body weight and, for marching,
45% of body weight. Where personnel with Sth percentile body weight must be accommodated, the
total load for close combat operations shouid not exceed 18.5 kg (41 Ib) and, for marching, 27.7 kg
(61 Ib).

5.11.1.2.3 Lifting aids. Units for which no back-packing aids are required shall be equipped
with handles suitable for two-handed lifting and carrying. If handles are provided, they shall conform
to 59.14.5.1,59.41.5.3, and 5.9.11.5.5. Ounc-person back- packed loads over 20 kg (44 Ihs) shall
be designed (and. if necessary, provided with lifting aids) to permit a second person to assist the porter
in placing the load on the body.

KT
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Table XXVI. Typical fighting and existence loads (temperate zone)

e

" APPROXIMATE WEIGHT |

LOAD KILOGRAMS POUNDS |
FIGHTING LOAD
CLOTHING:
PASGT Helmet 1.36 3.00
Battie Dress Uniform 1.73 3.81
PASGT Vest 3.86 8.50
Underwear (Summer) and Socks 0.27 0.60
Belt; waits, web with buckie 0.09 0.20
Boots, leather (DMS) .52 3.36
8.83 19.47
EQUIPMENT:
Rifle M16A1 with 30 round magazine and sling 3.59 7.91
Ammunition pouches (2 each) with 180 rounds in 6 magazines 3.21 7.07
Hand grenades 2 each 0.91 2.00
LAW 2 each or ILAW 1 each 3.86 8.50
Canteen 1 quart filled with cup and cover 1.63 3.60
Water purification tabiets 0.03 0.06
Individual equipt belt, first aid packet with case and suspenders 0.72 1.59
Entrenching tool with carrier 1.14 2.52
Bayonet M7 with scabbard 0.59 1.30
Mask CB Protective with hood 1.35 2.97
Poncho 077 _1.70
17.80 39.22
EXISTENCE LOAD

ALICE Pack medium with straps 1.12 2.46
Chemical Protective overgarment with gloves and boots 2.61 5.75
Cap, utility 0.10 0.22
Underwear and socks, 2 each 0.54 1.20
Personnei Hygiene Kit 1.20 2.64
Rations MRE 3 each 1.33 2.94
Bag, Sleeping, intermediate coid 3.40 7.50
Mattress, pneumatic insulated 1.59 3.50
Jacket Field, 1 each with gloves, leather with wool insert 1 pair 1.84 4.28
Beag, waterproof 1 each 0.34 0.75
14.17 31.24

5.11.1.2.4 Back-packing aids. Back-packing aids shall distribute the load over as many muscie

groups as possible by means of buttock and hip supports in addition to padded shoulder straps.
Backpacking aids shall bring the center of gravity of the load as close to the porter's spine at the
waistline as possible without any part of the Joad contacting the body. Load-carrying design shall
minimize pressure or compression to the chest or armpits and shall eliminate local strain by
transmitting weight to the ground through bone. Aids shall not produce laterally unbalanced loads,
interfere with normal head movements, limit squatting, interfere with walking or climbing over low
obstacles, intertere with movements of the shoulder girdle, produce strain oa the shoulder nuscle, ol
interfere with regulation of body temperature.

S 11125 Projections. T.oad desien shonld minimize projections to prevent injurv to personnel
ot entanglement in undergrowth.  Covers or cases may be provided to meet this requirement, as
spectiied by the procurng activily
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5.11.2 Tracking.

5.11.2.1 Gunner environment. Where applicable, obscuration, shock and vibration should be
sufficiently minimized to permit resumption of tracking rapidly after firing.

5.11.2.2 Crank size and speed. The size of tracking cranks, where used, shall be a function of
rotation speed required: Within the parameters of Figure 10, crank speed should be 140 - 200 rpm
and radius should be 55 - 115 mm (2.2 - 4.5 in). Smaller crank radii should be used for high rpm
requirements and the converse.

5.11.2.3 Two-dimensional tracking. A single control (rather than separate controls for each
dimension) should be used for two-dimensional tracking.

5.11.2.4 Supports. Where a joy stick is used for tracking, a hand, wrist, or forearm support (as
appropriate) should be provided.

5.11.2.5 Compatibility. Movement of the tracking control shall be compatible with expected or
conventional control movements.

5.11.3 Optical instruments and related equipment.

5.11.3.1 General This section pertains only to direct-view, visual optical systems.

5.11.3.2 Visual accommodation. Any adjustment of the eyes beyond normal functional ability
shall not be required.

5.11.3.3 Viewing angle. Optical instruments shall be oriented so that they are presented to the
operator at a comfortable viewing angle. :

5.11.3.4 Magnification.

5.11.3.4.]1 Geperal Instrument magnification shall be sufficiently high to permit perforrnance
of the required application (e.g., detection, recognition, identification, weapon laying).

5.11.3.4.2 Unstabilized, unsupported handheld sights. Because of hand tremors and body
motion, magnification of unstabilized, unsupported, handheld rifle and pistol sights should be not
more than 4 power; magnification of unstabilized, unsupported, handheld monoculars or binoculars
should be not more than 8 power.

5.11.3.4.3 Multiple magnification requirements. If more than one magnification is required,
two or more discrete magnifications should be provided for optimum image quality and boresight
integrity. Varifocal (zoom) systems should be considered for use only in systems where sighting
accuracy is relatively unimportant and it results in overall simplification.

5.11.3.6 Entrance pupil. The entrance pupil shall be equal to the product of the magnification
and the exit pupil diameter and, therefore, defined by these parameters.

S.11.3.7 Exit pupil.

€.11.2.7.0 General. The diameter of the exit pupi! shruld he consistent with intended nse and
size/weight limitations.
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5.11.3.7.2 Daylight. For daylight application the exit pupil diameter should not be less than 3
mm (0.12 in).

5.11.3.7.3 Low light levels. For maximizing performance at twilight and lower light levels, the
exit pupil should be not less than 7 mm (0.28 in).

5.11.3.8 Eyerelief. A long eye relief, e.g. 25 mm (1 in), should be provided for vehicular
mounted sights if the observer must be protected from gun recoil, observe on the move, or maintain
some field-of-view while wearing a protective mask. To permit use by observers wearing glasses
when recoil is not encountered, eye relief shall be at not less than 155 mm (0.6 in).

5.11.3.9 Eyepiece adjustments.

5.11.3.9.1 4-Power and less. Fixed focus eyepieces set between -0.50 and -1.00 diopter may
be used for instruments 4-power and less.

5.11.3.9.2 Qver 4-power. Eyepiece dioptric (focusing) adjustments (-4 to +2 diopters required,
-6 to +2 diopters desired) shall be provided and marked in 0.5 diopter increments on all instruments
over 4-power magnification.

5.11.3.10 Optical quality.

5.11.3.10.1 Axial resolution. Axial resolution shall be equal to or better than 300 mrad (1 min)
divided by the magnification to provide an eye-limited instrument.

5.11.3.10.2 Luminous transmission. Luminous transmission should be as high as possible,
preferably greater than 50%.

5.11.3.11 Reticles.

5.11.3.11.1 Line thickness. Reticle lines shall be thin enough so as not to obscure targets, but
thick enough to be easily seen. Reticle lines should subtend not less than 600 mrad (2 min) at the eye.

5.11.3.11.2 Patterns. Reticle patterns should be as simple as possible and restricted to one main
mission (e.g., major weapon ballistic scales) per reticle glass. Additional patterns should be on
separate reticle glasses if added complexity is warranted for the particular application.

5.11.3.11.3 Format. Line reticles should be used in preference to reticles containing one, two,
or three central spots. A small cross or very small circle should be used in preference to a dot.

5.11.3.11.4 Parallax. The reticie should be focused to the target range of primary interest to
limit the parallax to an acceptable value throughout the usable range.

5.11.3.12 Hluminated sights and reticles.

5.11.3.12.1 Night operauons. llluminated reticles shall be provided for sights to be used during
twilight or night operations.

S.11.3.12.2 Color. Bluc shall not be used as the color ot illuminauon tor reticles or sights.

S 113123 Dimming. Sight luminance shall be continuously adjustable until it is extinguished.
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5.11.3.12.4 Uniformity. Sights shall be evenly illuminated by means of an opal diffuser or
similar device.
5.11.3.12.5 Reticle lines. The thickness of reticle lines for illuminated sights should be not less
than 150 mrad (0.5 min) visual angle. They shall be thin enough so as not to obscure targets, but thick

enough (o be easily seen. In any case, their thickness should not exceed 600 mrad (2 min).

5.11.3.13 Binoculars/bioculars.

5.11.3.13.1 Biocular viewing. Where continuous use of a sight under low levels of
illumination will exceed one minute, the single optical train shall be provided with two eyepieces if this
does not lead to unacceptable light losses.

5.11.3.13.2 Evyepiece separation. Binocular/biocular instruments should have an eyepiece
separation scaled from 50 to 73 mm with | mm interval markings.

5.11.3.13.3 Magnification differences. Magnification differences of the two barrels should not
exceed 2%.

5.11.3.13.4 Luminous transmission differences. Luminous transmission differences of the two
barrels should not exceed 5%.

5.11.3.13.5 Matched oculars. To avoid size differences in the images presented to the two eyes
(that may induce eyestrain or headache), oculars shall be matched in focal length, i.e., shall be matched
pairs.

5.11.3.13.6 Weight. The weight of handheld binoculars/bioculars shall be not greater than 1.5
kg (3.3 pounds) and should be not greater than 1 kg (2.2 pounds).

5.11.3.14 Eyecups and headrests. Any optical instrument requiring steady orientation of the
eyes shall be provided with a headrest or eyecups, or both.

5.11.3.14.1 Eyecups. Eyecups shall be provided to maintain proper eye relicf, eliminate stray
light and, when required, protect or cushion the eyes and orbital region against impact with the
eyepieces. The radii of Figure 49 define a surface of revolution within which a satisfactory
symmetrical eyepiece and cup must be designed if interferences with facial features are to be avoided.
These should be applied to cushion forms when they are compressed to the maximum.

5.11.3.14.2 Headrests/brow pads. A headrest or brow pad shall be used to absorb energy
which would be injurious to the operator's head.

5.11.3.14.3 Compatibility with clothing and personal equipment. Eyecups and headrests shall
be compatible with helmets, protective masks, and other clothing and personal equipment.

5.11.3.15 Accessories.
5.11.3.15.1 Filters.
5.11.3.15.1.1 General. Light filters, removable from the optical path, should be provided to

reduce glase o light intensity, or protect the observer's eyes against hazardous light tevels. Where
applicable, provisions should he made for filter stowage.
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FIGURE 49. Anatomical limits on axially symmetrical ocular metal parts

5.11.3.15.1.2 Use. Use of color or neutral density filters will depend upon the application,
e.g., neutral filters may be used to reduce overall brightness without affecting contrast; polarizing
filters may be used to reduce unacceptable glare or increase apparent contrast from sun, snow, or
water.

5.11.3.15.2 Shutters. Shutters having closure and reopening times appropriate for each
application may be provided in lieu of fixed filters to protect the observer exposed to flashes from
weapon systems, lasers, or other bright light sources. Shutters for protection from the observer's
own weapon system flash, which may be actuated just before the weapon is fired, shall not disturb
the lay of the weapon before closing nor unnecessarily impede the observation of the projectile flight

path or resultant impact.

5.11.3.15.3 Positioning aids. Level vials, scales, pointers and other devices required for
positioning the instrument shall be readily visible and protected from damage of displacement.

5.11.3.16 Environmental conditions. Carrying/transport cases should be provided for
instruments to be hand-carried or mounted/dismounted separately. Instruments to be used under
severe environmental conditions should be compatible with the special clothing, headgear, protective
masks or other ancillary equipment required by the operator that may afiect conuols, eyepieces,
evecups, headrests, and other operator interfaces.
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5.11.3.17 Lighting. Means shall be provided for illumination of intenal and external scales,
level vials, and other instruments that must be read under low light level conditions. Continuously
variable control of illumination shall be provided as required by weapon system characteristics.
Illumination to be used under low light level conditions shall minimally affect the dark adaptation of the
observer. Red illumination or red filters should be used to maintain dark adaptation.

5.11.3.18 Maintenance.

5.11.3.18.1 Modular design. When practical, optical equipment should configured as modules
to provide for interchangeability of optical subassemblies.

5.11.3.18.2 Positioning aids. Built-in aligning devices and other aids should be used wherever
possible for ease of positioning optical assemblies within an instrument or optical modules that have
multiple applications in equipment.

5.11.3.18.3 Quick release. Where practical, quick-release methods of removing optical
instruments should be used.

5.11.3.18.4 Collimation. Optical instruments should be provided with built-in collimation
features to allow field adjustment.

5.11.3.18.5 Purging and charging. Where periodic purging and charging of optical instruments
are required, an instruction plate, indicating time interval and pressure requirements shall be provided
on the instrument. Purging and charging fittings shall be accessible for required maintenance.

5.11.3.18.6 Component replacement. Internal components such as light bulbs that require
frequent replacement, checkout, or maintenance should be easily accessible, removable without special
tools, and replaceable without removal or disassembly or other components. Components that require
frequent replacemnent and frequently used special tools and equipment shall be readily accessible.
Provision should be made for storage of such components and tools in or on the specific equipment.
This particularly applies to items such as light bulbs whose failure could make the instrument
inoperable.

5.11.3.18.7 Boresighting,

5.11.3.18.7.1 Positive locks. Boresight knobs shall be provided with a positive lock. (The
boresighting settings shall not change during the locking process.)

5.11.3.18.7.2 Lock-unlock resistance. Boresight knob locks shall require not greater than 45 N
(10 1b) of force to lock and unlock.

5.11.3.18.7.3 Adjustment operation. Boresight adjustment knobs should be capable of being
locked, unlocked, and adjusted by suitably clothed and equipped users with hand dimensions varying
between the 5th and 95th percentiles.

BB
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5.12 Qperational and maintenance ground/shipboard vehicles.

5.12.1 Geperal. Handles, levers, pedals, knobs, and workspace dimensions shall be designed
to enhance effective vehicle operation by suitably clothed and u}uippcd users with relevant body
dimensions varying between 5th and 95th percentiles. (See 5.6.1.)

5.12.2 Seating.

5.12.2.1 Dimensions and clearances. Vehicle operator seating dimensions and clearances
should conform to those in Figures 50 and 51 and Table XXVII as applicable.

5.12.2.2 Vertical adjustment. Vertical adjustment of a seat to a higher position should also
increase leg room and footrest angle.

5.12.2.3 Horizontal adjustment. Seats shall adjust at least 15 cm (6 in) in the fore-aft
direction.

T

A 460-510 mm

‘ (18-20%)

A !

460 mm (187} min A

380430 mm
T (15-177) y l

|

1,070 m (42} min
HEAD CLEARANCE /'\ 38 mm (1.5") PADDING MINIMUM

- 1
38 mm (1.67) j .
PADDING, MINIMUM - 160-360 mm (6-15)
SEAT SLOPE
5—8° 1
O 3

FIGUIRT: 0. Dimensions for veliicle operator's seat
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TABLE XXVII. Recommended clearances around equipment operator's station
to accommodate the 95th percentile soldier dressed in Arctic
clothing. Operator seat in rear most position (Figure 51)

A. Elbow (dynamic) 91 cm (36 1in)

B. Elbow (static) 71 cm (28 in)

C. Shoulder 58 cm (23 in)

D. Knee width (minimum) 46 cm (18 in)

E. Knee width (optimum) 61 cm (24 in)

F. Boot (provide adequate clearance to operate break pedal without 15cm (6in)
inadvertent acceleration operation)

G. Pedals (minimum) Scm (2in)

H. Boot (provide adequate clearance to operate accelerator without 15cm (6in)
interference by brake pedal) ‘

1. Head (SRP to roof line) ‘

2. Abdominal (seat back to steering wheel) 107 cm (42 in) |

3. Front of knee (seat back 1o manual controls on dash) : 4] cm (16 1n)

4. Seat depth (seat reference point to front edge of seat pan) 74cm (2%in) .

5. Thigh (under side of steering wheel to seat pan) 4lecm (16in) |

6. Seat pan height 24cm(9.5in) !

7. Boot (front of seat pan to heel point of accelerator) 38 cm (15 in) .

8. Minimum mitten clearance around steering wheel 36cm (14in)

8. Knee-leg—thigh (brake/clutch pedals to lower edge of steering wheel) 8cm(13in) |

: 66 cm (26 in) ‘

5.12.2.4 Back-rest angle. Back-rest angle should be not more than 110° from horizontal. If

only the lumbar area is supported, the backrest angle of tilt should be 95 - 100° for erect operators .
5.12.2.5 Seat pan The seat pan shall be flat and made from a rigid material.
5.12.2.6 Seat padding. Seat padding should be kept to a minimum, but it should be resilient
enough to keep the operator's body from contacting the seat bottom during severe vibration. Seat
padding made of foam-type matenial should be adequately ventilated.

5.12.2.7 Seat bel:s. All administrative type vehicles shall have safety seat belts. Seat belts
should be installed on other type vehicles except when they interfere with operational requirements.

5.12.3 Coatrols.

5.12.3.1 Design Controls shall not be adversely affected by distortion, shock, or vibration of
the vehicle.

5.12.3.2 Steering In case of power steering assist failure, the steering gear shall afford the
operator sufficient mechanical advantage to guide the vehicle during an emergency stop or during low-
speed operation (See Table IX for quantitative data.)

5.12.3.3 Pedals. Foot pedals shall accept the weight of the operator's foot without initiating

ool activii,

ld6
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FIGURFE 51. Recommended clearances around equipment
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5.12.3.4 Control of hazardous operations. The operation of switches or controls which initiate
hazardous operations shall require the prior operation of a locking control.

5.12.4 Operating instructions.

5.12.4.1 Provision of operating instruction. Operating instructions shall be provided for all
vehicles and vehicle equipment, except where the operation will be obvious to all potential operators.

5.12.4.2 Format Information shall be presented in the form of diagrams whenever possible.

5.12.4.3 Speed notice. Maximum permissible road speeds in each gear and range shall be
indicated. On vehicles for which all road speeds are limited by engine speed, a red line on the
tachometer (if so equipped), at maximum engine RPM, may be used in lieu of a speed placard.

5.12.4.4 Shift handle positions. Operating positions of shift handles (such as those on
transmission, power take-off, winch-control, and transfer case mechanisms) shall be iilustrated.

5.12.4.5 Control movements. Control movements should be shown in planes parallel to the
movement of the actual controls.

5.12.4.6. General labeling criteria. Identification and instruction markings shall conform 5.5,
as applicable.

5.12.5 Visibility.

5.12.5.1 Night operation. Indicators required by the vehicle operator during night operation
shall be illuminated. The display luminance shall be adjustable from 0.1 to 3.5 cd/m? (0.03to 1.0
footlamberts). Blackout lighting systems, if required, shall be designed to preclude accidental
operation of external lights and signals.

5.12.5.2 Visual field. The operator shall have forward visibility through a lateral visual field of
at least 180° and preferably 220°.

5.12.5.3 Ground view. Truck design should enable the operator, in the normal operating
position, to view the ground at all distances beyond 3 m (10 ft) in front of the vehicle. When
necessary, mirrors may be used to meet this requirement, if tactical requirements permit. Upward
visibility shall extend to not less than 15° above the horizontal.

5.12.5.4 Rear view (vehicle). Side and rear enclosures should be designed to permit the
operator to view the rear of the vehicle (directly or by use of mirrors) in order to observe the load and
to facilitate trailer attachment and backing maneuvers.

5.12.5.5 Resar view (road). A glare-proof, west coast type and spotter rearview mirror shati be
provided on each side of the cab, located in such a manner as to afford the operator rearward vision
from the normal operating position.

5.12.5.6 Glare. Visors or other means should be used to preclude performance degradatron due
(o glare from external sources such as sunlight or headlights: however, windshields or other
transpatent asrcas thuough which high acuity vision is required shall not be tinted or colored.

5.12.5.7 Windshields and windows. 1ransparemt makciiale selected for windshiclds and
windows shall be shatter-proof and shall neither distort nor obscure vision.

{ds
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5.12.5.8 Windshield wipers and washers. Windshield wipers and washers shall be provided.
Blades shall return to the stored position when turned off. Provision shall be made for manual
operation in event of power failure.

5.12.5.9 Fork lifts. The configuration of fork lift mechanisms and fork lift truck cabs shall
permit the operator to have direct view of the tips of the forks in all typical modes of material loading
and in all likely operator positions.

5.12.6 Heating and ventilation.

5.12.6.1 Heating The crew compartment shail be provided with a heating system capable of
maintaining temperatures above 20°C (68°F) during occupancy when personnel are not wearing Arctic
clothing and exposure exceeds 3 hours). When Arctic clothing is worn, cab heaters shall be capable of
maintaining a reference temperature of not less than 5°C (41°F) at the minimum ambient design
temperature with the vehicle moving at two-thirds maximum speed and the defrosters operating at
maximum capacity. The reference temperature is measured 61 cm (24") above the seat reference point
of each operator/passenger position. Air temperatures around any part of the operator/passenger's
body shall not vary more than £5°C (£9°F). The heater shall achieve these requirements within one
hour after it is turned on.

5.12.6.2 Ventilation. Outside fresh air shall be supplied at minimum rate of 0.57 m3
(20 13 ymin/person. Air flow rates for hot-climate operation (temperatures above 32°C (90°F) shall be

maintained between 4.2 and 5.7 m3 (150 and 200 ft3)/min./person, unless air conditioning or
individual (microclimate) cooling is provided. Air velocity at each person's head location shall be
adjustable either continuously or with not less than three settings (OFF, LOW and HIGH) from near
zero to at least 120 m (400 ft)/minute.

5.12.6.3 Visibility. The heating-ventilating system shall be designed to minimize degradation of
visibility due to frosting or misting of the windshield.

5.12.7 Trailers, vans, and intervehicular connections.

5.12.7.1 Trailers.

5.12.7.1.1 Brake controls. Trailer brake controls shall be located so that an operator can reach
them while restraining or positioning the trailer manually. The controls shall not be located on the side
of the trailer exposed to road traffic.

5.12.7.1.2 Positioning controls. Component trailers should contain precise positioning controls
when the trailer will be used to mate parts.

5.12.7.1.3 Tie downs. Munitions tie-down facilities on stores trailers shall be easily installed
and removed.

5.12.7.1.4 Landing gear lock. Landing gear lock and release shall be capable of being hand or
foot-operated.

5.12.7.2 Vans. The following criteria applies to tailer vans and tansportable enclosures which
serve as shelters for personnel or equipment. and which requirc occupancy by personnel for
operational or maintenance tasks in excess of one hour, on a recurring basis where mission
requirement< permit:

4o
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5.12.7.2.1 Ceiling height. The ceiling height (distance from the floor to the bottom of any light,
cable run, or other protuberance over the aisle or standing work-space) shall be not less than 198 cm
(78 in) for vans and shelters, except as follows: When the occupants seldom stand to perform normal
operations, the ceiling height can be reduced to 189 cm (74.5 in) unless otherwise specified by the
procuring activity.

5.12.7.2.2 Access openings. Personnel access openings shall be not less than 193 cm (76 in)
high and 76 cm (30 in) wide. Equipment access opening shall accommodate the specific equipment to
be transported, including suitable clearances for handling. Access doors shall have provisions for
being locked in open positions as well as closed positions. All access doors shall have inner quick-
opening releases.

5.12.7.2.3 Steps, stairs, ladders. Steps, stairs, or ladders shall be provided when van floors are
more than 46 cm (18 in) above ground level.

5.12.7.2.4 Inclinometers. On work spaces such as large personnel-occupied vans or shelters,
intended for use as mobile work spaces, inclinometers shall be provided to permit readout of front-rear
and side-side tilt within + 2°.

5.12.8 Cranes, materials handling and construction.

5.12.8.1 General Positioning of equipment and loads shail be facilitated through use of center-
of-gravity identification, matching guidelines, identification of attaching points, detachable probes, and
similar measures. Latches on control levers shall not cause delay in operation.

5.12.8.2 Control labels. All controls used with lifting equipment shall be labeled as to function
and direction of movement.

5.12.8.3 Control placement. Controls shall be within easy reach of the operator and shall afford
optimum visibility of the load at all times.

5.12.8.4 Foot-operated controls. Foot-operated controls shall not be selected for precise
adjustments or movements. Foot operated brake pedals that require locking shall lock by foot action
alone. For ease of operation, the pedals shall rise from the depressed position in a backward as well as
vertical movement.

5.12.8.5 Load capacity. The load capacity shall be indicated on the equipment, and audible
warning devices shall be provided where necessary to indicate that the allowable load is being
exceeded.

5.12.8.6 Visibility. Maximum, unobstructed view of the work, including the point sheaves of
the basic boom of a revolving crane at a 3 m (10 ft) radius shall be visible to suitably clothed and
equipped users with relevant body dimensions varying between 5th and 95th percentiles.

5.12.8.7 Access. Where not otherwise specified herein, access dimenstons for construction
machinery shall conform to SAE J925, as applicable.

5 12 8 8 Handholds and footholds. Suitable handholds and footholds shall be provided to
facilitate personne] access and movement.

5.12.9 Automotive subsystems.

S12491 General

J S0
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5.12.9.1.1 Drain valves. Vehicles shall be designed to require a minimum number of drain
valves and drain sizes. Drain valves shall be readily accessible and hand-operable by the full range of
user personnel wearing either Arctic or NBC garments. Drain valve handles shall be in line with the
corresponding pipe when ON and perpendicular to the pipe when OFF.

5.12.9.1.2 Filters. Fuel and oil filters shall be located in accessible positions for inspection and
replacement and shall not require the removal of other parts.

5.12.9.1.3 Adjustment and access. Components requiring adjustment or replacement, such as
distributors, fuel injectors, and fan belts, shall be as accessible as possible. Timing marks and other
adjustment indicators shall be designed to minimize parallax and shall be readily accessible for visual
inspection. Drive belt tensioning devices shall permit access for tensioning without removal of other
components and, if needed, furnished with pry points.

5.12.9.1.4 Battery terminals - Positive and negative battery terminals shall be of different sizes

to prevent incorrect cable attachment. Terminals shall be appropriately labeled "+" or "-".

5.12.9.2 Tires.

5.12.9.2.1 Dual tires. Design of dual wheel arrangement shall allow both the inner and outer
tires to be inflated and checked for air. The location of valves shall permit tires to be inflated and
checked when the tires are interchanged.

5.12.9.2.2 Spare ures. The spare tire shall be capable of being inflated and checked when
mounted in the stowed position.

5.12.9.4 Winches.

5.12.9.4.1 Instruction plates. Instruction plates describing winch operation shall be mounted in
a conspicuous location for operator use.

5.12.9.4.2 Operation. Winch and vehicle power trains shall be capable of being operated
simultaneously;, the vehicle forward speed due to straight winch-line or snatch-block operation should
match one of the vehicle power train speeds to facilitate simultaneous operation.

5.12.9.4.3 Cable unwinding. Winch cables shall be capable of being easily payed out by one
crew member.

5.12.9.4.4 Control location. Winches shall be capable of being operated from both cab and
winch locations and being observed by the operator during operation.

5.12.9.4.5 Clothing compatibility. Winch controls at the winch shall be capable of being
operated by personnel wearing Arctic mittens.
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5.13 Hazards and safety.

5.13.1 General. Design shall reflect the safety related human engineering criteria below as well
as in other sections of this standard.

5.13.2 Safety labels and placards.

5.13.2.1 Warmning placards. Conspicuous placards shall be mounted adjacent to any equipment
which presents a hazard to personnel (¢.g., from high voltage, heat, toxic vapors, explosion,
radiation). Warning placards shall be located to provide an advanced alert of the potential health
hazards while not placing the reader at risk to exposure.

5.13.2.2 Center-of-gravity and weight. Where applicable, the center of gravity and the weight
of equipment shall be distinctly marked.

5.13.2.3 Weight capacity. The weight capacity shall be indicated on stands, hoists, lifts, jacks,
and similar weight-bearing equipment, so as to prevent overioading.

5.13.2.4 Identification of protective items. Areas of operation or maintenance where special
protective clothing, tools, or equipment are necessary (e.g., insulated shoes, gloves, suits) shall be
specifically identified.

5.13.2.5 "NO-STEP" markings. "NO-STEP" markings shall be provided when necessary to
prevent injury to personnel or damage to equipment.

5.13.2.6 Electrical labels. All receptacles shall be marked with their voltage, phase, and
frequency characteristics, as appropriate. For other electrical labeling and warning requirements, see
MIL-HDBK-454.

5.13.2.7 Hand grasp areas. Hand grasp areas shall be conspicuously and unambiguously
identified on the equipment.

S.13.3 Pipe, hose and tube line identification. Pipe, hose, and tube lines for liquids, gas,
steam, and etc., shall be clearly and unambiguously labeled or coded as to contents, pressure, heat,
cold, or other specific hazardous properties.

5.13.4 General workspace hazards.

5.13.4.1 Alenting device. A hazard alerting device shall be provided to warn personnel of
impending danger or existing hazards (e.g., fire, the presence of combustible or asphyxiating gas, and
radiation.).

5.13.4.2 Emergency doors and exits. Emergency doors and exits shall be readily accessible,
unobstructed, simple to operate, simple to locate in the dark, quick opening in three seconds or less,
and require 44 - 133 N (10 - 30 Ib) of operating force to open. They shall not themselves, or in
operation, constitute a safety hazard. They shall permit one person egress in 5 seconds or less.

S.13.4.3 Stairs. Stairs. including incline, step risers. and treads, shall conform with standard
safe design practice. Skid-proof flooring, stair, and step treads shall be provided. Where conditions
waliaiil special precaution, surfaces shall be treated with a nonslip coating

303,04 Obstrucuons Woerkspace around areas where maintenance is performed <hatl he free

ot ohstructions which could cause imury to personnel. either through accidental contact with the
obstruction o1 hecause the obstruction requires an awkward or dangerous body positron.
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5.13.4.5 Dlumination. Adequate illumination shall be provided in all areas. Warning placards,
stairlwx;g(,land all hazardous areas shall be illuminated in accordance with the recommended levels of
Table .

5.13.4.6 Thermal contact hazards. Equipment which, in normal operation, exposes personnel
to surface temperatures greater or less than those shown below, shall be appropriately guarded.
Surface temperatures induced by climatic environment are exempt from this requirement. Cryogenic
systems shall also be appropriately guarded.

Temperature limits
Exposure Metal Glass Plastic or wood
Momentary contact 60°C 68°C 85°C
(140°F) (154°F) (185°F)
Prolonged contact or handling 49°C 59°C 69°C
(120°F) (138°F) (156° F)
Momentary or prolonged 0°C 0°C 0°C
contact or handling (32°F) (32°F) (32°F)

5.13.5 General equipment-related hazards.

5.13.5.1 Interlocks and alarms. The operation of switches or controls which initiate hazardous
operations (e.g., ignition, movement of a crane) shall require the prior operation of a related or locking
control. Where practicable, the critical position of such a control shall activate a visual and auditory
warning device in the affected work area.

5.13.5.2 Access. Equipment items shall be so located and mounted that access to them can be
achieved without danger to personnel from electrical, thermal, mechanical, chemical, radiological, or
other hazards.

5.13.5.3 Hazardous access Where access areas must be located over dangerous mechanical or
electrical components, the access door or cover shall be designed to tumn on an internal light when
opened. A highly visible warning label shall be provided on the outside of the door or cover.

5.13.5.4 Edge rounding. Where applicable, all exposed edges and comers shall be rounded to a
radius not less than 0.75 mm (.03 in). Sharp edges and corners that can present a personal safety
hazard or cause equipment damage during usage shall be suitably protected or rounded to a radius not
less than 13 mm (.05 in).

5.13.5.5 Safety pins and sieamers. Safety pins and streamers shall be clearly visible and
accessible during ground maintenance.
5.13.6 Platforms.

5.13.6.1 Locks. Sclf-locking or other fail-safe devices shall be incorporated on elcvatinj
stands, work platforms and "draw bridges" to prevent accidental or inadvertent collapsing or falling.

5.13.6.2 Hendrails, safely bars and chains. Iandrails, safety bars, or chains shall be installed
around platforms and across stair or step openings in platforms, ledges, and catwalks,. Such guards
shall be placed 107 cm (42 in) above e standing surface. An intermediate guard rari shatt te
provided. Chains shall be used only where it is not feasible to instail handrails or safety bars.
Kickhoards, 15 em (6 in) high, shall be installed.
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5.13.6.3 Safety mesh Screen or safety mesh shall be installed on the underside of open
gratings, platforms, or flooring surfaces where small tools, parts or debris may fall through the grating
on workers or equipment beneath the platform.

5.13.7 Electrical, mechanical, fluid, toxic and radiation hazards.

5.13.7.1 Electrical hazards.

5.13.7.1.1 Insulation of tools. Tools and test leads to be used near high voltages shall be
adequately insulated.

5.13.7.1.2 Plugs and receptacles. Plugs and receptacle configurations shall preclude inserting a
plug of one voltage rating into a receptacle of another rating.

5.13.7.1.3 Voltage exposure. All hot contacts shall be socket contacts.

5.13.7.1.4 Dangeious voltage or current. Guards, grounding, interlocks, and warning placards
shall be provided to minimize exposing personnel to dangerous voltages or currents.

5.13.7.1.5 Ground potential. Equipment shall be designed so that all external parts, other than
antenna and transmission line terminals, will be at ground potential.

5.13.7.1.6 Electrically-operated hand tools. Electrically operated hand-held power tools shall be
designed with three-wire power cords with one wire at ground potential and shall have exposed
surfaces which are either non-conducting or are electrically connected to the ground wire. Exposed
surfaces include cases, grips, handles, switches, triggers, chucks, and other surfaces which are
capable of being contacted during operation. Portable tools, protected by an approved system of
double insulation or its equivalent, may be used without a ground wire when approved by the
procuring activity.

5.13.7.1.7 Electronic equipment. See Guideline 1 of MIL-HDBK-454.

5.13.7.1.8 Vehicle batteries. Batteries that have ratings greater than 25 amp hours shall have
terminal guarding to prevent inadvertent short-circuit. Such guarding shall also prevent short-
circuiting the battery in spite of clearly improper but possible acts by personnel, such as placing tools
across terminals, resting a heavy object on the battery cover, and standing on a battery cover.

5.13.7.2 Mechanical hazards.

5.13.7.2.1 Guards. A guard shall be provided on all moving parts of machinery and
transmission equipment. including pulieys, belts, gears, and blades, on which personnel may become
injured or entangled.

5.13.7.2.2 Telescoping ladders. Adequate finger clearance shall be provided between rungs of
telescoping ladders.

5.13.7.3 Fluid hazards.

5.13.7.3.1 Conneclors. Each conncctor used 1n handling or controthing hazardous tlutds,
including propellants, solvents, toxic materiale, hypergolics, and asphyxiants. shall he incompatible
with other connectors within the access area of that connector.

5.13.7.3.2 Flud and fuel servicing equipment. Automatic shutoff devices shall be provided on
Hod and tuel service cquipment o prevent overflow and spillage.

J
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5.13.7.4 Toxic hazards.

5.13.7.4.1 General Personnel shall not be exposed to the concentrations of toxic substances in
excess of the limits specified in either the Department of Defense (DoD) Occupational Safety and
Health (OSH) standards or specialized standards applicable to military unique equipment, systems or
operations.

5.13.7.4.2 Carbon monoxide. Carbon monoxide (CO) in personncl areas shall be reduced to
the lowest level feasible. Personnel shall not be exposed to concentrations of CO that will result in
carboxyhemoglobin (COHD) levels in their blood greater than 5% for all system design objectives and
aviation system performance limits and 10% for all other system performance limits. Such COHb
blood levels my be estimated by solving the empirical equation in paragraph 5.13.7.4.5 of MIL-
HDBK-759. When using the equations to estimate the percent COHb blood levels for combat vehicle
occupants, the following work stress levels (defined by MIL-HDBK-759) shall be applied as
appropriate: activities involving weapons fire: level 4; all other mission activities: level 3. An initial
value of COHb = 1.0% shall be assumed for all estimates.

5.13.7.5 Radiation. The design of radiation emitting systems and equipment shall minimize
hazards to operators and maintenance personnel. If internal ionizing radiation hazards (e.g., "breakage
of a tritium-illuminated source in a fire-control device or rifle sight presents potential tritium ingestion
by individuals in the area) cannot be eliminated, they shall be minimized through engineering design.
lonizing radiation exposure rates produced by any device shall not exceed 0.5 milliroentgens/hr at a
distance of 5 cm (2 in) from any point on the external surface. Microwave, radio frequency, X and
laser radiation limits should conform to those specified in Guideline 1, MIL-HDBK-454. Definitive
and specific data should be obtained from the service agency responsible for control of personnel
exposure to radiation.

5.13.8 Trainers. Training materials, devices, simulators, and other equipment using :
embedded training, should incorporate safeguards, safety warnings, and procedures developed for the
remainder of the system.

5.13.9 Stealth and covert operations. Systems and equipment for use in combat may require
stealth for covert operations. The need for low-observable exterior and camouflage may preclude the
use of brightly colored warning signs, warning lights, or auditory alarms. For such systems and
equipment, techniques, such as barriers and interlocks, shall be used to ensure safe operations.
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5.14 Aerospace vehicle compantments.

5.14.1 General Aerospace vehicle compartments shall be designed 10 optimize human
performance, efficiency, and safety within the constraints imposed by system requirements.

5.14.1.1 Windows, canopies, and windshields.

5.14.1.1.1 Visual performance. Transparent areas shall be free from color, distortion, or other
factors that would degrade visual performance below the level required for mission accomplishment.

5.14.1.1.2 Multilayered windows. Visual performance shall not be degraded below the level
required for mission accomplishment by loss of light transmission or by multireflections resulting from
multilayered windows.

5.14.1.1.3 Angle of incidence. When undistorted external vision is required, the angle of
incidence (see MIL-HDBK-1908) shall not exceed 60°.

5.14.1.1.4 Unobstructed vision. Windows and canopies shall provide optimum unobstructed
vision. Width of structural members in the line of vision should not exceed 56 mm (2.2 in).

5.14.1.1.5 Head-up displays.

5.14.1.1.5.1 General Head-up dispiays shall be compatible with the capabilities and limitations
of the human visual system. Information presented on head-up displays shall be limited to critical data
which the operator is required to monitor while simuitaneously performing some primary visual task.

5.14.1.1.5.2 Symbol brightness. Symbols shall be bright enough to be legible under all
expected ambient lighting conditions. Symbol brightness shall be not less than 5000 cd/m? (1500

footlamberts) when legibility in direct sunlight or background luminance of 34,000 cd/mZ (10,000
footlamberts) or greater is required. For most high ambient light applications, symbol brightness
should be 6,900 - 10,300 cd/mZ (2,000 - 3,000 footlamberts).

5.14.1.1.5.3 Legibility. Sufficient contrast shall be provided to ensure symbol legibility under
all expected viewing conditions.

5.14.1.1.5.4 Field of view. Head-up displays should have a minimum field of view of 350
mrad (20°) in the vertical plane and 490 mrad (28°) in the horizontal plane.

5.14.1.1.5.5 Exit pupil. Head-up displays shall have a minimum exit pupil (that area within a
collimated beam in which the entire image formed by an objective l2ns is capable of being seen) of 72
mm (2.8"). -

5.14.1.1.5.6 Symbol line width. The line width of symbols used in head-up displays shall be
not less than 0.5 mrad (1.7 min). For most applications, symbol line width should be 1.0 + 0.2 mrad
(3.4 £ 0.7 min).

5.14.1.2 Instrument location. Instruments shall be located so that, with glare shields and bezels
in place, they can be easily read by appropriate crew members.

S 14 2 Crew stations and passenger compartments (all aerospace vehicles).

S 14.2.1 Aircrew stations (aeronautical). Human Engineering design of pilot and copiiot
stations not covered in contractual documents shall be in accordance with the criteria in this standard.

I S6
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Human engineering design of aircrew stations and passenger compartments other than pilot and co-
pilot stations shall be in accordance with the criteria of 5.7.

5.14.2.2 Layout for shared work space.

5.14.2.2.1 General thrc applicable, design of compartments shall allow personnel o share
equipment, reduce communication requirements, conduct required face-to-face communications, and
minimize mutual interference when operating equipment which requires more than one operator.

5.14.2.2.2 Location and arrangement of groups. Groups should be located and arranged to
share material, information, and equipment; to simplify supervision; and to simplify coordination.

5.14.2.2.3 Effects of crew size. Compartment design shall accommodate requirements for
interaction and multiple use as crew size grows, including adequate provisions for communications;
physical access; illumination; acoustics; air conditioning; traffic flow and free volume; oxygen
regulators and portable units; first aid equipment; emergency egress; personal equipment storage;
oxygen supplies and environmental control; food, water, and waste management; and rest areas.

5.14.2.2.4 Standing operations. Standing operations shall be limited to those necessitated by
mission requirements.

5.14.2.2.5 Effects of variable gravity. When missions require the performance of crew
operation, maintenance, and control tasks in a variable gravity flight regime, design shall include
provisions for body positioning and restraint devices, locomotion aids, and safeguards against
inadvertent displacement of controls and damage to vehicle and to personnel equipment.

5.14.2.3 Work space dimensions. The following dimensions and those presented in Figures 23
through 29 and Tables XIII through XIX shall be used to provide adequate work place clearances. If
environmental conditions require personal protection encumbrances that necessitate targer clearances,
allowances shall be made.

Light Clothing Bulky Clothing

cm (in) cm (in)
Minimum height allowance for standing 193 (76) 198 (78)
Minimum height allowance for crawling \ 79 (31) 86 (34)
Maximum depth of objects which must be reached into 58 (23) 532D
Minimum width allowance for passing body 58(23) 69 (27
Minimum thickness allowance for passing body 33(13) 41 (16)
Minimum height allowance for bending or kneeling 122 (48) 127 (50)

3.14.2.4 Scating and restaaint.

5.14.2.4.1 General. Seats, contours, positions, and restraints should be adjustable to individual
anthropometric dimensions of shirtsleeve and pressure suit environments, survival equipment, armor,
and to foreseeable conditions and levels of g-loading. Seating or restraints shall provide an adccheatc
supporting framework for the body relative to the activities that must be performed. Seats shall
designed to maximize protection under g-loading, avoid discomfort, facilitate adjustments, and
e weight,

5.14.2.4.2 Vertical and horizontal (fore and att) adjustments. Seats shati have verticat and
horizontal adjustments suffictent to accommodate suitably clothed and equipped users with relevant
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body dimensions varying between 5th and 95th percentile (see 5.6), without degrading their
performance capability. ‘

5.14.2.4.3 Swivel adjustments. Seats capable of being rotated shall contain at least eight
Jocking positions equally spaced through 360°. The seat shall be capable of being swiveled freely,
when unlocked, while supporting a load of 113 kg (250 Ib).

5.14.2.4.4 Height The sitting surface shall be designed to provide a minimum of 23 cm (9 in)
between the sitting surface and the bottom of the work surface or shelf. (See figure 24)

5.14.2.4.5 Access to foot controls. When seated, the operator shall have free access to, and
ability to actuate foot-operated controls.

5.14.2.4.6 Backrest Backrest angle shall vary between 5° and 15° aft of the vertical for the
work position and to a maximum of 50° for the rest position. The rest angle shall be not greater than
an included angle of 136° between the seat and backrest .

5.14.2.4.7 Armrests. Armrests that are integral with operator’s seats shall be at least 5 cm
(2 in) wide and 20 cm (8 in) long and be 19 - 25 cm (7.5 - 10 in) above the seat surface. Modified or
retractable armrests shall maintain compatibility with an associated console. The armrest shall not
interfere with work requirements or emergency procedures.

5.14.2.4.8 Legroom See 5.7.3.5.

5.14.2.4.9 Passenger seats. Where feasible, passenger seats should face the rear of the vehicle
and should include a 40 cm (16 in) walkway space between the seat pan edge and the back of the
adjacent seat.

5.14.3 Personnel ingress and egress.

5.14.3.1 Hatches for normal exit and entrance. The diameter of a circular hatch shall be not iess
than 76 cm (30 1n). The dimensions of a rectangular hatch or passageway shall be not less than 66 cm
(26 in) wide and not less than 76 cm (30 in) high.

5.14.3.1.1 Exit markings. Exits shall be clearly identified under reduced lighting conditions.
Exit instructions shall be legible, brief, and clearly worded.

5.14.3.2 Handholds and footholds. Suitable handholds and footholds shall be supplied where
necessary.

5.14.3.3 Tunnels.
5.14.3.3.1 Diameter. The minimum diameter of tunnels shall be 76 cm (30 in).

5.14.3.3.2 Personal equipment space. Tunnels shall be designed to permit passage of an
operator with personal equipment and clothing

5.14.3.4 Doors.

S.14.3.41 Jamming Doors shall be designed to minimize the possihility of jamming.
S 14142 Laches TLateh handles should be used in preference to knobs. The tatch handlec

shall be uniform n size, placement, and operation for similar applications throughout the vehicle.
Correct movement of the tatch handie shall be labeled m accordance with Section 5.5,

SN
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5.14.3.5 Inclines and stairs and ladders.

5.14.3.5.1 Angle of incline. The type of structure in relation to angle of ascent shall be as
specified in Figure 33.

5.14.3.5.2 Hand and foot surface. Hand rails or gripping surfaces and nonslip foot surfaces
shall be provided for ladders. Nonslip treads shall be provided on all stairs. Safety bars or chains
shall be installed across stair or step openings. Handrails or hand holds should be provided when it is
necessary for crew members to move between different locations while the vehicle is in motion. The
handrails or hand hold shall be 91 cm (36 in) above the walking surface.

5.14.3.6 Floors. Passage floors shall be provided with nonslip tread or other high friction
surface.

5.14.4 Emergency evacuation.

5.14.4.1 General criteria.

5.14.4.1.1 Simplicity. The simplest possible escape mode, consistent with safety and
cffectiveness, shall be provided.

5.14.4.1.2 Evacuation time. Emergency evacuation (after crash landing) of the crew members
shall be possible within 30 seconds, using only one-half of the exits. Emergency evacuation (after
crash landing) of all passengers and crew members shall be possible within 60 seconds, using only
one-half of the exits. Emergency doors and exits shall be readily accessible, unobstructed, and quick
opening from both sides in three seconds or less.

5.14.4.1.3 Cutaway areas. Areas of the vehicle structure which-can be chopped through with
axes in emergencies shall be clearly marked. Axes shall be provided and adequately labeled.

5.14.4.1.4 Movable articles. Provision shall be made for securing movable articles within the
vehicle.

5.14.4.1.5 Exterior protrusions. The design of the escape system shall preclude personnel
contact with exterior vehicle protrusions during emergency evacuation.

5.14.4.1.6 Evacuation aids. Where hatches or door sills are more than 183 cm (72 in) above the
ground, evacuation aids such as inflatable slides, slide poles, ladders, or ropes shall be provided.
Ropes, where employed, shall be attached to the top of openings and stand off from the structure to
permit use by more than one person at a time.

5.14.4.1.7 Handholds. Handholds shall be provided to assist personnel escape after crash
landing or ditching. Handholds shall be designed to accommodate personnel wearing either
lightweight and medium weight gloves or cold weather gloves and mittens.

5.14.4.2 Escape exits.

5.14.4.2.1 Emergency lighting. Emergency lighting with self-contained power shall be
provided at or near each emergency or normal exit. Lighting shall be automatically energized when the
velilele is subject w conditions requiring such light. The fixture shall be turned on or off from a switch
accessible to the vehicle commander. The fixture shall be removable for use outside the vehicle during
CHICTECNCICS.
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5.14.4.2.2 Escape openings. Escape openings shall be smooth-edged, be free of obstructions,
and permit passage of personnel with necessary survival equipment.

5.14.4.2.3 Ease of operation. Doors and hatches shall be quick-opening, easily operated, and
have a standard mode of latch-handle operation throughout the vehicle.

5.14.4.2.4 Latch-handle operation. The force required to operate release latch handles on
emergency exits shall be not greater than 110 N (25 Ib) laterally or 200 N (45 Ib) pull. This operation
should be possible using either hand and shall require no more than two distinct and different motions.

5.14.4.2.5 Control protection. Handles and controls for escape exits shall be protected from
inadvertent contacts or contacts that are not escape oriented. Such controls shall not be secured by
means of lockwire.

5.14.4.3 Ejection systems. Where ejection systems are specified, the following criteria shall
apply in addition to other criteria specified in contractual documents.

5.14.4.3.1 Clearance. The vehicle shall be designed to provide adequate clearance for egress of
either the ejection seat and occupant or the escape capsule, as applicable.

5.14.4.3.2 Safety harnesses. Personne] safety hamesses shall be easily adjusted and removed
and shall be designed to preclude interference with safe ejection.

5.14.4.3.3 Ejection controls. Ejection controls shall be readily accessible and activation shall be
possible with either hand.

5.14.4.3.4 Control protection. Provision shall be made to guard against accidental actuation of
ejection controls.

5.14.4.3.5 Safety pins and streamers. Safety pins and waming streamers for ejection seats and
canopies shall be clearly visible and accessible during ground maintenance.

5.14.4.3.6 Automatic sequencing. The system shall be automatically sequenced and shall
require no further action by the occupant once the escape control has been actuated.

5.14.4.3.7 Survival requirements. The system shall deliver the crew-member with necessary
survival equipment to the ground or water in adequate physical condition for performance of the
actions required for survival and rescue.

5.14.4.3.8 Escape capsule.

5.14.4.3.8.1 Capsule provision. The escape capsule shall provide for adequate vision for
normal operational duties, limb and head restraint during the escape sequence, and stowage for
survival equipment.

5.14.4.3.8.2 Pressurization The escape capsule shall be pressurized and ventilaied. The
cscape system actuators, ballistics, pyrotechnics, or any other devices, shall not permit introduction of
noxious or toxic products into the pressurized crew compartment upon activation.

$.11.4.3.8.2 Alighting impact. The system shall provide shock artenuanon for Janding on
terrain or water without injury to occupants.

S 14 4384 Flownon. The svstem shall ensure flotation of the capsule for water survival,

IKER]
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5.15 User-computer interface.

5.15.1 General Computer programs and equipment interfaces shall provide a functional
interface between the system for which they are designed and users (operators/maintainers) of that
system. This interface shall optimize compatibility with personnel and shall minimize conditions
which can degrade human performance or contribute to human error.

5.15.1.1 Standard procedures. Users shall be provided standard procedures for similar,
logically related transactions.

5.15.1.2 Computer response. Every input by a user shall consistently produce some perceptible
response output from the computer.

5.15.1.3 On-line gmdance. Users shall be provided on-line data and command indices, and
dictionaries, to guide selection and composition for data and command entries. Definitions of
allowable options, system capabilities, procedures, and ranges of values shall be displayable at the
user's request.

5.15.1.4 System status. Users shall be provided information at all times on system status
regarding operational modes, availability, and loads, either automatically or by request.

5.15.1.5 Log-on procedures. In applications where users must log-on to the system, log-on
shall be a separate procedure that must be completed before a user is required to select among any
operational options.

5.15.1.5.1 Automatic log-on display. Appropriate prompts for log-on should be automatically
displayed on the user's terminal with no special action required other than turning on the terminal.

5.15.1.5.2 Log-on-feedback. Users shall be provided feedback relevant to the log-on procedure
that indicates the status of the inputs.

5.15.1.5.3 Log-on delay. If a user cannot log-on to a system, a prompt should be provided to
explain the reason for this inability. Log-on processes should require minimum input from the user
consistent with the requirements prohibiting illegal entry.

5.15.1.6 Log-off procedures. When a user signals for system log-off, or application exit or
shut-down, the system should check pending transactions to determine if data loss seems probable. If
so, the computer should prompt for confirmation before the log-off command is executed.

5.15.1.7 Computer failure. If a partial hardware/software failure occurs, the program should
allow for orderly shutdown and establishment of a check-point so restoration can be accomplished
without loss of computing performed to date.

5.15.1.8 Interaction. Where two or more users must have simultaneous read access to the
computer program or data processing results from multiple personnel equipment interfaces, the
operation by one person shall not interfere with the operations of another person unless mission
survival may be contingent upon pre-emption. Provisions shall be made so that the pre-empted user
can resume operations at the point of interference without information loss.

S.18.2 Dataentpy.
S S 20 General Dati entry functions shall be designed to establish consisteney of data entry

ltansactions, minimize input actions and memory load on the user, ensure compatibility of data entry
with data display, and provide tlexibility ot user control of data entry

LY
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5.15.2.1.1 User pacing. Data entry shall be paced by the user, rather than by the system.

5.15.2.1.2 Positive feedback. The system shall provide a positive feedback to the user of the
acceptance or rejection of a data entry. Feedback response times shall conform to 5.15.8.

5.15.2.1.3 Processing delay. Where system overload or other system conditions will result in a
processing delay, the system shall acknowledge the data entry and provide an indication of the delay to
the user. If possible, the system shall advise the user of the time remaining for the process or of the
fraction of the process completed.

5.15.2.1.4 Explicit action. Data entry shall require an explicit completton action, such as
pressing an ENTER key.

5.15.2.1.5 Validation. Data entries should be validated by the system for correct format, legal
value, or range of values. Where repetitive entry of data sets is required, data validation for each set
should be completed before another transaction can begin. See also 5.15.8.11.

5.15.2.1.6 Software-available data. The user should not be required to enter data already
available to the software.

5.15.2.1.7 Input units. Data should be entered in units which are familiar to the user.
5.15.2.1.8 Cursors.

5.15.2.1.8.1 Control. Systems employing cursors shall provide cursor control capability. The
user should be able to adjust the sensitivity of the cursor movement to be compatible with the required
task and user skills.

5.15.2.1.8.2 Display. A movable cursor within the display shall have a distinctive visual
attribute that does not obscure other displayed entities. When fine positioning accuracy is required, as
in some forms of graphic and image processing applications, the displayed cursor shall include an
appropriate point designation feature (such as crosshairs). The cursor shall not move beyond the
display boundaries and disappear from sight. If the cursor is moved by depressing a key, releasing the
key shall cause the cursor to stop moving.

5.15.2.1.8.3 Home position The home position for the cursor should be consistent across
similar types of displays.

5.15.2.1.8.4 Explicit actuation. A separate, explicit action, distinct from cursor position, shall
be required for the actui] entry (e.g., enabling, actuation) of a designated position.

3.15.2.1.8.5 Consistent positioning. Where cursor positioning is incremental by discrete steps,
the step size of cursor movement shatt be conststent horizontatty (i.e., in both rigit and teft directions),
and vertically (in both up and down directions).

5.15.2.1.8.6 Keyboard cursor control. When position designation is required in a task
emphasizing keyed data entry, cursor controt shouid be by some device integrai to the keyboard. it
cursor movement is accomplished by depressing keys, the keys shall be located on the main keyboard.

5.15.2.1.8.7 Movement relationships. The response of a cursor to control movements shall be
consistent, predictable, and compatible with the user's expectations. For cursor contral by key action
a key labeled with a left- pointing arrow should move the cursor leftward; for cursor control by
iovstick  leftward movement of the control should result in leftward movement of the cursor.
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5.15.2.1.9 Abbreviations, mnemonics, and codes. When abbreviations, mnemonics, or codes
are used to shorten data entry, they shall be distinctive and have a relationship or association to normal
language or specific job-related terminology. Abbreviations should be the same length, the shortest
possible that will ensure unique abbreviations.

5.15.2.1.10 Explicit delete action. Data deletion or cancellation shall require an explicit action,
such as depressing a DELETE key.

5.15.2.1.11 Change of data. Where a user requests change (or deletion) of a data item that is
not currently being displayed, the option of displaying the old value before confirming the change
should be presented.

5.15.2.1.12 Single method of data entry. Data entry methods and data displays should not
require the user to shift between entry methods.

5.15.2.1.13 Data entry display. Where data entry on an electronic display is permitted only in
prescribed areas, a clear visual definition of the entry fields shall be provided.

5.15.2.2 Keyboard. Keyboards shall conform to the provisions below; however, where a
keyboard is part of a visual display terminal used for text processing, data entry, or data inquiry
applications in an office environment or equivalent, see 5.16.

5.15.2.2.1 Use. A keyboard should be used to enter alphabetic, numeric and other special
characters into the system.

5.15.2.2.2 Configuration. Keyboards shall conform to MIL-STD-1280, unless otherwise
specified or approvccl by the procurmg activity.

5.15.2.2.3 T imely d_Lsplay Keyed inputs, except security items such as passwords, shall be
shown on the display in accordance with the values in Table XX VIII.

5.15.2.2.4 Length Except for extended text, the length of individual data items should be
5.15.2.2.5 Justification. When entering tabular data, the user shall not be required to right- or
left-justify tabular data entries. The system shall automatically justify columnar data with respect to
decimal point, left margin or right margin, depending on the type of data.

5.15.2.2.6 Numeric keypads. Keyboards used in systems requiring substantial numeric input
shall be equipped with a numeric keypad.

5.15.2.2.7 Minimization of keving. The amount of keying required should be minimized.

5.15.2.2.8 Minimization of shift keying. The use of key shifting functions should be minimized
during data entry transactions.

5.15.2.2.9 Data change. In keyed data entry, means shall be provided to allow users to change
previous entrtes, if necessary, by DELETE and INSERT actions.

S 1523 Fixed function (dedicated) kevs

18231 Use Fixed function keve (e.o . FNTER) should be used for time-critical, error-
critical, or frequently used control inputs.
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TABLE XXVIII. Dialogue type versus user training and system response

__ Dialogue Type  Required User Training ~ Tolerable Speed of System Response
Question and Answer None Moderate (0.5 to less than 2 secs)

Menu Selection None Very Fast (less than 0.2 secs)

Form Filling Moderate Slow (greater than 2 secs)

Function Keys Moderate Very Fast (less than 0.2 secs)
Natural/Query Language Moderate Fast (0.2 to less than 0.5 sec)

Command Language High Moderate/Slow (0.5 to greater than 2 secs)
Graphic Interaction High Very Fast (less than 0.2 sec)

5.15.2.3.2 Standardization. Fixed function keys should be common throughout the system.

5.15.2.3.3 Functional consistency. Once a key has been assigned a given function, it should
not be reassigned to a different function for a given user.

5.15.2.3.4 Availability. Fixed function keys should be selected to control functions that are
continuously available; i.e., lockout of fixed function keys shall be minimized. At any step ina
transaction sequence, however, function keys, not used for current inputs, should be temporarily
disabled under computer control. Mechanical overlays should not be used for this purpose.

5.15.2.3.5 Nop-active keys. Non-active fixed function keys should be replaced by a blank key.

5.15.2.3.6 Grouping. Fixed function keys shall be logically grouped and shall be placed in
distinctive Jocations on the keyboard.

5.15.2.3.7 Actuation. Except when used to toggle between two opposing states, a fixed
function key should require only a single actuation to accomplish its function.

5.15.2.3.8 Feedback. When fixed function key activation does not result in an immediately
observable natural response, the user shall be given an indication of system acknowledgment.

5.15.2.3.9 Function labels. Key assignments shall be displayed at all times, preferably by
direct marking. Where abbreviations are necessary, standard abbreviations (e.g., MIL-STD-783)
should be used.

5.15.2.4 Varjable function keys.

5.15.2.4.1 Usec. Variable function keys may be used for programmable menu selection and
entry of control functions.

5.15.2.4.2 Statys display. When the effect of a function key varies. the status of the key shall
be displayed.

(5%



Downloaded from http://www.everyspec.com

MIL-STD-1472E

5.15.2.4.3 Reprogrammable or inactive default functions. When keys with labeled default
functions are reprogrammed or tumed off, a visual warning shall alert the user that the standard

function is not currently accessible via that key.

5.15.2.4.4 Relabeling. Provision shall be made for easily relabeling variable function keys.
Labels for variable function keys, located along the perimeter of a display, may be generated on the
display face.

5.15.2.4.5 Shifted characters. Shift keys should not be required to operate variable function
keys.

5.15.2.4.6 Easy return to base-level functions. Where the functions assigned to a set of
function keys change as a result of user selection, the user should be given an easy means to return to
the initial, base-level functions. For example, in cockpit design, where multifunction keys may be
used for various purposes such as navigation or weapons control, the aircrew should be able to take a
single action to restore those keys quickly to their basic flight control functions.

5.15.2.5 Lightpen.

5.15.2.5.1 Use. A lightpen may be used when non-critical, imprecise input functions are
required. Such direct-pointing controls should be used when item selection is the primary type of data

entry.
5.15.2.5.2 Dimensions and mounting. See 5.4.3.2.7.3.

5.15.2.5.3 Actuation. Lightpens shall be equipped with a discrete actuating/deactuating
mechanism. Push-tip switch actuation force should be 0.5N - 1.4N (2-5 oz).

5.15.2.5.4 Feedback Two forms of feedback shall be provided to the user:

a. Position of the lightpen, preferably in the form of displayed cursor (e.g., circle, crosshair) or
highlighting which also informs the user that the system is recognizing the presence of the
lightpen. The feedback shall be large enough to be seen under the point of the lightpen.

b. Actuation of the lightpen and receipt of the input by the system.

5.15.2.6 Directional controllers.

5.15.2.6.1 Use. A joystick, trackball or similar device may be used when precise input
functions are required. Joystick, trackballs, grid-and-styius devices and x-y controllers shall conform
t05.4.3.2.2,54.3.2.3,5.4.3.2.4,5.4.3.2.5, and 5.4.3.2.6.

5.15.2.6.2 Acwation/deactuation. A discrete mechanism shall be provided to allow the user to
actuate/deactuate the device.

5.15.2.7 Touch screen. See paragraph 5.4.6 for information on touch screens.

5.15.3 Data display.

5.15.3.1 Display tormmat.

5.15.3.1.1 Consistency. Display formats should be consistent within a system. When
appropriate for users, the same format should be used for input and output. Data entry formats should
match the source document formats. Essential data, text, and formats should be under computer, not
user. control.
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5.15.3.1.2 Criticality. Only data essential to the user's needs shall be dispiayed.

5.15.3.1.3 Readily usable form. Data presented to the user shall be in a readily usable and
readable form such that the user does not have to transpose, compute, interpolate or mentally translate
into other units, number bases, or languages.

5.15.3.1.4 Order and sequences. When data fields have a naturally occurring order (e.g.,
chronological or sequential), such order shall be reflected in the format organization of the fields.

5.15.3.1.4.1 Data grouped by importance. Displayed data items that are critical or require
immediate user response should be grouped at the top of the display.

5.15.3.1.4.2 Data grouped by function. Sets of data that are associated with specific questions
or related to particular functions may be grouped together to signify those functional relationships.

5.15.3.1.4.3 Data grouped by frequency. Data items used more frequently than others may be
grouped at the top of the display.

5.15.3.1.5 Data separation. Separation of groups of information should be accomplished by
blanks, spacing, lines, color coding, or other means consistent with the application.

5.15.3.1.6 Recurring data fields. Recurring data fields within a system shall have consistent
names and should occupy consistent relative positions within displays.

5.15.3.1.7 Extended alphanumerics. When five or more alphanumeric characters without
natural organization are displayed, the characters shall be grouped in blocks of three to five characters
within each group separated by a minimum of one blank space or other separating character such as a
hyphen or slash. '

5.15.3.1.8 Comparative data fields. Data fields to be compared on a character-by-character
basis shall be positioned one above the other with alignment of characters to be compared.

5.15.3.1.9 Labels and titles. Each display shall be labeled with a titie or label that is unique
within the system. To make the display as meaningful as possible and to reduce user memory
requirements, every field or column heading should be labeled.

5.15.3.1.9.1 Display title. Every display should begin with a title or header at the top,
describing briefly the contents or purpose of the display. At least one blank line shall separate the title
and the body of the display.

5.15.3.1.9.2 Command entry, prompts, messages at bottom. The last few lines at the bottom of
every display should be reserved for status and error messages, prompts, and command entry.

5.15.3.1.10 Data group labels. Each individual data group or message shall contain a
descriptive title, phrase, word or similar device to designate the content of the group or message.
Labets shall:

4 be consistently located adjacent to (and preferably above or to the left of) the data group or
message they describe.

b. be unambiguously related to the group, field, or message they describe,

¢ bhe mghlighted or otherwise accentuated to facihtate operator scanning and recognition,
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d. use an accentuating technique different and easily distinguished from the method used 10
highlight or code emergency or critical messages,

e be unique and meaningful to distinguish them from data, error messages, or other
alphanumerics,

f. be displayed in upper case only, while text may be displayed in upper and lower case, and
g. reflect the question or decision posed to the user, when presenting a list of user options.

5.15.3.1.11 Scrolling Items continued on the next page (scrolled) should be numbered relative
to the last item on the previous page.

5.15.3.1.12 Page numbening. Each page of a multiple page display shall be labeled to identify
the currently displayed page and the total number of pages, e.g., Page 2 of 5.

5.15.3.1.13 Frame identification. Every display frame shall have a unique identification to
provide a reference for use in requesting the display of that frame. The frame identification should be
an alphanumeric code or an abbreviation which is prominently displayed in a consistent location. It
should be short (3-7 characters) and/or meaningful enough to be learned and remembered easily.

5.15.3.2 Display content.

5.15.3.2.1 Standardization. The content of displays within a system shall be presented in a
consistent, standardized manner.

5.15.3.2.2 Information density. Information density should be minimized in displays used for
critical task sequences. ‘At least one character space shall be left blank above and below critical
information; at least two character spaces shall left blank to the left and right of critical information (see
5.15.3.1.5 and 5.15.3.3.1).

5.15.3.2.2.1 Crowded displays. When a display contains too much data for presentation in a
single frame, the data shall be partitioned into separately displayable pages.

5.15.3.2.2.2 Related data on same page. When partitioning displays into multiple pages,
functionally related data items shall be displayed together on one page.

5.15.3.2.2.3 Page labeling. In a multipage display, each page shall be labeled to show its
relation to the others.

5.15.3.2.3 Abbreviations and acronyms. Information shall be displayed in plain concise text
wherever possible. Where abbreviations and acronyms are required, they shall conform to existing
standards, if available (e.g., MIL-STD-783). New acronyms, if required, shall be developed using
logical rules of abbreviation. Abbreviations should be distinctive to avoid confusion. Words should
have only one consistent abbreviation. No punctuation should be used in abbreviations. Definitions
of all abbreviations, mnemonics and codes should be provided at the user's request

5.15.3.2.4 Data entry and display consistency. Data display word choice, format, and style
should be consistent with the requirements for data entry and control.

5.15.3.2.5 Context for displayed data. The user should not have to rely on memory to interpret
new daty, cach data display should provide needed context, including recapitulating prior data from
prior displavs as necessary.
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5.15.3.3 Display coding.

5.15.3.3.1 Use. Coding shall be employed to differentiate between items of information and to
call the user's attention to changes in the state of the system. Coding should be used for critical
information, unusual values, changed items, items to be changed, high priority messages, special
areas of the display, errors in entry, criticality of command entry, and targets. Consistent, meaningful
codes shall be used. Coding shall not reduce legibility or increase transmission time.

5.15.3.3.2 Flash. Flash coding shall be employed to call the user's attention to mission critical
events only. No more than 2 flash rates shall be used. Where one rate is used, the rate shallbe 3-5
flashes per second. Where two rates are used, the second rate shall be not greater than 2 per second.

5.15.3.3.3 Brightness. Brightness intensity coding shall be employed only to differentiate
between an item of information and adjacent information. No more than two levels of brightness shall
be used. Each level shall be separated from the nearest other level by not less than a 2:1 ratio.

5.15.3.3.4 Pattern and Jocation. Pattern and location coding may be used to reduce user search
time by restricting the area to be searched to prescribed segments.

5.15.3.3.5 Underlining. Underlining may be employed to indicate unusual values, errors in
entry, changed items, or items to be changed.

5.15.3.3.6 Symbol and size. Symbol coding may be used to enhance information assimilation
from data displays. Symbols shall be analogs of the event or system element they represent or be in
general use and well known to the expected users. Where size difference between symbols is
employed, the major dimensions of the larger shall be not less than 150% of the major dimension of
the smaller. Not more than three size levels shall be used.

5.15.3.3.6.1 Special symbols. When special symbols are used to signal critical conditions, they
shall be used for only that purpose.

5.15.3.3.6.2 Markers close to words marked. When a special symbol is used to mark a word,
the symbol shall be separated from the beginning of the word by one space.

5.15.3.3.7 Color. Color coding may be employed to differentiate between classes of
information in complex, dense, or critical displays. The colors selected shall not conflict with the color
associations specified in Table II. Information shall not be coded solely by color if the data must be
accessed from monochromatic as well as color terminals or printed in hard copy versions.

5.15.3.3.8 Shape. Shape coding may be used for scarch and identification tasks. When shape
coding is used, the codes selected shall be based on established standards or conventional ineanings.

5.15.3.3.9 Bsightaess ioversion When a capability for brightness inversion is available
(so-called "reverse video”, where dark characters on a bright background can be changed under
computer contro! to bright on dark, or vice versa), it may be used for highlighting critical items that
require user attention. When used for alerting purposes, brightness inversion shall be reserved for that
purpuse, and ot be used for gencral highlighting.

5.15.3.4 Dynamic displays.

S 15 34 | Changing values. Changing alphanumeric values which the operator must reliahly
read shall not be updated more often than once per second. Changing values WhICh the VICWEr uses to
«dentify rate of change or to read pross values shall not be updated faster than 5 umes per sccond, nor
Jower than 2 per second. when the display 18 to be considered as reai-une
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5.15.3.4.2 Update rate. The rate of update should be controllable by the user and shall be
determined by the use to be made of the information.

5.15.3.4.3 Display freeze. A display freeze mode shall be provided to allow viewing any
selected frame that is updated or advanced automatically by the system. An option shall be provided to
allow resumption at the point of stoppage or at the current real-time point.

5.15.3.4.4 Freeze feedback. An appropriate label shall be provided to remind the operator when
the display is in the freeze mode.

5.15.3.5 Tabular data.

5.15.3.5.1 Use. Tabular data displays shall be used to present row-column data to aid detailed
comparison of ordered sets of data.

5.15.3.5.2 Standard formats. Location of recurring data shall be similar among all tabular data
displayed and common throughout the system.

5.15.3.5.3 Amangement. Tabular data shall be displayed in rows and columns. If the data in
the rows has order, the order shall increase from left to right. If the data in the columns has order, the
order shall increase from top to bottom.

5.15.3.5.4 Titles. When tabular data are divided into classifications, the classification titles shall
be displayed and subclassification shall be identified. When tabular data extend over more than one
page vertically, the columns shall be titled identically on each page.

5.15.3.5.5 Horizontal extension. Tabular displays should not extend over more than one page
horizontaity.

5.15.3.5.6 Lists. Items in lists shall be arranged in a recognizable order, such as chronological,
alphabetical, sequeatial, functional, or importance.

5.15.3.5.6.1 Listlines. Each item in a list shall start on a new line

5.15.3.5.6.2 Vertical extension. Where lists extend over more than one display page, the last
line of one page shall be the first line on the succeeding page.

5.15.3.5.6.3 Marking muitiline items in a list. Where a single item in a list continues for more
than one line, such items shall be marked in some way (e.g., blank line, indentation) so that the
continuation of the item is obvious.

5.15.3.5.6.4 Arabic numerals. When listed items will be numbered, Arabic numerals should be
used rather than Roman.

5.15.3.5.6.5 Vertical ordering in multiple columns. Where items in a list are displayed in
multiple columns, items shall be ordered vertically within each column.

5§.15.3.5.6.6 Hierarchic structure for long lists. Where lists are long and must extend becyond
mare than one displaved page. a hierarchic structure shall be used o permit the logical partitioning into
related shorter lists

CoBEas. v slasats. i Gnteanid punet shion wehemes chould be nsed if in common nsape Where
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none exist a space should be used after every third or fourth digit. Leading zeros shall not be used in
numerical data except where needed for clanty.

5.15.3.5.8 Alphanumeric grouping. Strings of alphanumerics should be grouped into sets of
three to five characters or grouped at natural breaks. When a code consists of both letters and digits,
common character types should be grouped by common character type for ease of location.

5.15.3.5.9 Distinctive and informative labels. Rows and columns shall be labeled distinctively
to guide data entry.

5.15.3.5.10 Justification of numeric entry. Users shall be allowed to make numeric entries in
tables without concern for justification; the computer shall right-justify integers, or justify with respect
to a decimal point if present.

5.15.3.5.11 Labeling units of measurement. The units of displayed data shall be consistently
included in the displayed column labels. :

5.15.3.5.12 Consistent column spacing. The widths of columns containing the same data
elements should be uniform and consistent within a table and from one table to another.

5.15.3.5.13 Column scanning cues. A column separation not less than three spaces shall be
maintained.

5.15.3.5.14 Row scanning cues. In dense tables with many rows, a blank line shall be inserted
after a group of rows at regular intervals. No more than five lines should be displayed without a blank
line being inserted.

5.15.3.6 Graphic displays

5.15.3.6.1 Use. Graphic data displays may be used to present assessment of trend information,
spatially structured data, time critical information or relatively imprecise information.

5.15.3.6.2 Recurring data. See 5.15.3.1.6.

5.15.3.6.3 Refresh rates. Graphic displays which require user visual integration of changing
patterns shall be updated at the maximum refresh rate of the display device consistent with the user's
information handling rates.

5.15.3.6.4 Graph axes. The axes of graphs shall be labeled and should be graduated in
accordance with 5.2.3.1.4,5.2.3.1.5, and 5.2.3.1.6.

5.15.3.6.5 Trend lines. When trend lines e (o be compared, multiple lines should be used on
a single graph.

5.15.3.6.6 Pointing. Where graphic data entry invoives frequent pointing on a display surface,
the user interface shall provide display control and sequence control by pointing, in order to minimize
shifis [foim one entry device w another. For example, in drawing a flow chart, a user should be abhle to
link elements or points directly by pointing at them or drawing lines between rather than by separately
keyed entries.

5153 6 7 Distinctive cursor. The current cursor position on graphic displays shall be indicated

hv displaying some distinctive cursor symbol at that point, e.g., a plus-sign, representing abbreviated
cross-hairs whose intersection can mark a position with reasonable precision.
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5.15.3.6.8 Precise positioning. Where data entry requires exact placement of graphic elements,
users shall be provided the capability for expansion of the critical display area (e.g., zooming and
panning) to make the positioning task easier and more precise.

5.15.3.6.9 Confirming cursor position. For most graphics data entry, pointing should be a dual
action, with the first action positioning the cursor at a desired position and the second action
confirming that position to the computer. An exception may be a design allowing "free-hand" drawing
of continuous lines where the computer must store and display a series of cursor positions as they are
entered by the user.

5.15.3.6.10 Selecting graphic elements. Users shall be provided some means for designating
and selecting displayed graphic elements for manipulation. Normally this function is performed by
pointing where a pointing device is provided for line drawing purposes.

5.15.3.6.11 Selecting from displayed attributes. During graphic data entry, users should be
allowed to specify attributes for displayed elements (e.g., text font, plotting symbol, line type) by
selecting from displayed sampies illustrating the avaiabie options.

5.15.3.6.12 Displaying current attributes. During graphic data entry/editing, the selected
attributes that will affect current actions shall be displayed for ready reference as a reminder of current
selections in effect.

5.15.3.6.13 Easy storage and retrieval. An easy and convenient means shall be provided for
saving and retrieving graphic displays for their possible re-use. The user should be allowed to
designate filenames of his or her choice for the stored graphic data.

5.15.3.6.14 Automatic data registration. The computer should provide automatic registration or
alignment of computer-generated graphic data, so that variable data are shown properly with respect to
fixed background or data map at any display scale.

5.15.3.6.15 Predefined graphic formats. Where graphic data must be plotted in predefined
standard formats (.g., target areas on maps, flight pians), templates or skeletal displays shall be
provided for those formats to aid data entry.

5.15.3.6.16 Computer derivation of graphic data. When graphic data can be derived from data
already available in the computer, machine aids for that purpose shall be provided.

5.15.3.6.17 Drawing lines. When line drawing is required, users shall be provided with aids
for drawing straight line segments. When line segments must join or intersect, computer aids shall be
provided to aid in such connection.

5.15.3.6.18 Drawing figures. When a user must draw figures, computer aids shall be provided
for that purpose (e.g., templates, tracing techniques, stored forms).

5.15.3.6.19 Changing size. When editing graphic data, users shall be provided with the
capability 10 change the size (scale) of any selected element on the display, rather than delete and
recreate the element in a different size.

5.15.3.6.20 Highlighting critical data. When a user's attention must be directed to a portion ot a
graphic display showing critical or abnarmal data, that feature should be highlighted with some
distinctive means of data coding.

5.15.3.6.21 Reference index. When a user must compare graphic data to some significant level
or crtical vatue, a reterence index or baselme shall be included m the display .
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5.15.3.6.22 Data annotation. When precise reading of a graphic display may be required, the
capability should be provided to supplement the graphic representation with the actual numeric values.

5.15.3.6.23 Normal orientation for labels. The labels on dynamic graphic displays shall remain
with the top of the label up when the displayed image rotates.

5.15.3.6.24 Pictorial symbols. Pictorial symbols (e.g., icons, pictograms) should look like the
objects, features, or processes they represent.

5.15.3.6.25 Display of scale. When a map or other graphic display has been expanded from its
normal presentation, an indicator of the scale expansion shall be provided.

5.15.3.6.26 Consisient scaling. When users must compare graphic data across a series of
charts, the same scale should be used for each chart.

5.15.3.6.27 Single scale only. Where graphs are presented, only a single scale shall be shown
in each axis, rather than including different scales for different curves in the graph. If interpolation
must be made or where accuracy of reading graphic data is required, computer aids should be provided
the user.

5.15.3.6.28 Unobtrusive grids. Any displayed grid lines should be unobtrusive and shall not
obscure data elements. Grid lines should be displayed or suppressed at the option of the user.

5.15.3.6.29 Direct display of differences. Where users must evaluate the difference between
two sets of data, that difference should be plotted directly as a curve in its own right, rather than
requiring users to compare visually the curves that represent the oniginal data sets.

5.15.3.6.30 Bar graphs. Bar graphs should be used for comparing a single measure across a
set of several entities or for a variable sampled at discrete intervals.

5.15.3.6.30.1 Bar spacing Adjacent bars should be spaced closely enough, normally not more
than one bar width, so that a direct visual comparison can be made without eye movement.

5.15.3.6.30.2 Histograms (step charts). Histograms (bar graphs without spaces between the
bars) should be used where bar graphs are required and where a great many intervals must be plotted.

5.15.3.7 Text/program editing.

5.15.3.7.1 Buffer. When inserting characters, words or phrases (e.g., editing), items to be
inserted should be collected in a buffer area and displayed in the prescribed insert area of the screen for
subsequent insertion by user command.

5.15.3.7.2 Presentation mode. Display mode rather than line mode should be used for text
editing.

5.15.3.7.3 Display window. ROLL and SCROLL commands shouid refer to the display
window, not the text/data; that is, the display window should appear to the user to be an aperture
moving over stationary text.

S 151274 Editing commands  Editing commands, such as MOVE, COPY and DELETE, tor
adding. inserting. or deleting text/program segments. shall be provided.

5.15.3.7.4.1 Textedit commands. In text editing, editing commiands should be based on
character, word., sentence. paragraph, and higher-order segments.
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5.15.3.7.4.2 Program edit commands. In program editing, the special commands shall be
based on lines or subprograms. Program lines shall reflect a numbering scheme for ease in editing and
error correction. When available, line-by-line syntax checking shall be under user control.

5.15.3.7.4.3 Tab controls. For editing programs or tabular data, cursor tab controls or other
provisions for establishing and moving readily from field to field shall be provided.

5.15.3.7.5 Editing commands. Where editing commands are made by keying onto the display,
the editing commands shall be readily distinguishable from the displayed textual material.

5.15.3.7.6 Highlighted text. Where text has been specified to become the subject of control
entries (e.g., for underlining, bolding, moving, copying, or deleting), the affected segment of text
shall be highlighted to indicate its boundaries.

5.15.3.7.7 String search The capability shall be provided to allow the user to specify a string
of text (words, phrases, or numbers) and request the computer to advance (or back up) the cursor
automatically to the next occurrence of that string.

5.15.3.7.8 Automatic line break. An automatic line break (carriage return) shall be provided
when the text reaches the right margin for entry/editing of unformatted text. User override shall be
provided.

5.15.3.7.9 Format control. An easy means shall be provided for users to specify required
format control features during text entry/editing, e.g., margins, tab settings, line spacing.

5.15.3.7.10 Predefined formats. When text formats must follow predefined standards, the
required format shall be provided automatically. Where text formats are a user option, a convenient
means should be provided to allow the user to specify and store for future use the formats that have
been generated for particular applications.

5.15.3.7.11 Frequently used text. The capability shall be provided to label and store frequently
used text segments (e.g., signature blocks, organizational names, call signs, coordinates), and later to
recall (copy into current text) stored segments identified by their assigned labels.

5.15.3.7.12 Text displayed as printed. Users should have the option of displaying text as it will
be printed, including underlining, boldface, subscript, superscript, special characters, special symbols,
and different styles and sizes of type. Where display of all possible features (e.g., special fonts) is
impractical, format codes should be highlighted and displayed within the text in order to mark the text
that will be affected by the code.

5.15.3.7.13 Control annotations. Where special formatting features are indicated in the text by
use of special codes or annotation, the insertion of the special annotation should not disturb the spacing
of the displayed text and shall not disturb formatting of graphs and tables or alignment of rows and
columns.

5.15.3.7.14 Flexible printing options. In printing text, users shall be allowed 10 select among
available output formats (e.g., line spacing, character size, margin size, heading, and footing) and to
specify the pages of a document to be printed.

5 1583715 Head- and foot-of file  The means shall he provided to readity move the cnreor 1o
the head or the foot (end) of the file.

5.15.3.8 Audio displays.
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5.15.3.8.1 Uses. Audio displays may be used as part of the user-computer interface, where (a)
the common mode of visual display is restricted by overburdening or user mobility needs and it is
desirable to cue, alert or wam the user, or (b) the user should be provided feedback after control
actuation, data entry, or completion of timing cycles and sequences.

5.15.3.8.2 Other requirements. See 5.3.1,5.3.2.1,5.3.2.3 and 5.3.2.4.

5.15.3.8.3 Supportive function. Audio signals used in conjunction with visual displays shall be
supplementary to the visual signals and shall be used to alert and direct the user's attention to the
appropriate visual display.

5.15.3.8.4 Signal characteristics. Signals may be one time or intermittent. Intermittent signals
shall be automatically terminated when no longer applicable, and by operator control.

5.15.3.8.5 Frequency. See 5.3.3.1
5.15.3.8.6 Audibility. See 5.3.4.1

5.15.3.8.7 Alarm seftings. When alarm signals are established on the basis of user-defined
logic, users shall be permitted to obtain status information concerning current alarm settings, in terms
of dimensions (variables) covered and values (categories) established as critical. Alarm status
information shall be provided in monitoring situations where responsibility may be shifted from one
user to another as in changes of shift.

5.15.4 Interactive control.

5.15.4.1 General Control actions should be minimized, consistent, make minimal memory
demands of the user and be sufficiently flexible to adapt to different user needs. Dialogue types shouid
be compatible with anticipated task requirements and user skills. System response times should
accommodate dialogue type and requirements for user training (see Table XXVIII).

5.15.4.1.1 Response time. System response times shall be consistent with operational
requirements. Required user response times shall be compatible with required system response time.
Required user response times shall be within the limits imposed by total user tasking expected in the
operational environment. (See 5.15.9)

5.15.4.1.1.1 Response time induced keyboard lockout. If computer processing time requires
delay of concurrent user inputs and no keyboard buffer is available, keyboard lockout shall occur until
the computer can accept the next transaction. An alert shall be displayed o indicate (0 the user that
lockout has occurred.

5.15.4.1.1.2 Keyboard regigration. When the computer is ready to continue, following
response time-induced keyboard lockout, a signal to so indicate shall be presented, e.g., cursor
changes back to normal shape.

5.15.4.1.1.3 lalermupt to end keyboard Jockout. When keyboard lockout has occurred, the user
should be provided with a capability to abort a transaction that has resulted in an extended lockout.
Such capability should act like an UNDO comumand that stops ongoing processing and does not
RESET the cotnputer thereby losing prior processing.

5.15.4.1.2 Simplicity. Control’disptay retanonstps shati be strarghttorward and exphon.
Control actions shall be simpie and direct, whereas potentially destructive control actions shall require

extended user attention such they are not easily acted on.
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5.15.4.1.3 Accidental actuation. Provision shall be made to prevent accidental actuation of
potentially destructive control actions, such as accidental erasure or memory dump.

5.15.4.1.4 Compatibility with user skill. Controls shall be compatible with the lowest
anticipated user skill levels. Experienced users should have options which shortcut intervening steps
necessary for inexperienced users.

5.15.4.1.5 Availability of information. Information necessary to select or enter a specific
control action shall be available to the user when selection of that control action is appropriate.

5.15.4.1.6 Concurrent display. Control actions to be selected from a discrete set of alternatives
shall have those alternatives displayed prior to the time of selection. The current value of any
parameter or variable with which the user is interacting shall be displayed. User control inputs shall
result in a positive feedback response displayed to indicate performance of requested actions.

5.15.4.1.7 Hierarchical process. The number of hierarchical levels used to control a process or
sequence should be minimized. Display and input formats shall be similar within levels. The system
shall indicate the current positions within the sequence at all times.

5.15.4.1.8 User memorization. The user should not be required to learn mnemonics, codes,
special or long sequences, or special instructions.

5.15.4.1.9 Dialogue type. The choice of dialogue type (e.g., form filling, menus, command
language) for interactive control shall be compatible with user characteristics and task requirements.

5.15.4.1.10 Number system When numeric data is displayed or required for control input,
such data shall be in the decimal, rather than binary, octal, hexadecimal or other number system.

5.15.4.1.11 Data manipulation. The user should be able to manipulate data without concern for
internal storage and retrieval mechanisms of the system.

5.15.4.1.12 Computer processing constraints. The sequence of transaction selection should
generally be dictated by user choices and not by intemal computer processing constraints.

5.15.4.1.13 Feedback for cormrect input. Control feedback responses to correct user input shall
consist of changes in state or value of those display elements which are being controlled and shall be
presented in an expected and logically natural form. An acknowledgment message shall be provided
only where the more conventional mechanism is not appropriate or where feedback response time must
exceed one second.

5.15.4.1.14 Feedback for erroneous input. Where control input errors are detected by the
system (see 5.15.7.2), error messages shall be available as provided in 5.15.7.5, and error recovery
procedures shall be as provided in 5.15.7.8.

5.15.4.1.15 Control input data display. The presence and location of control input data entered
by the user shall be clearly and appropriately indicated. Data displayed should not mislead the user
with regard to nomenclature, units of measure, sequence of task steps, or time phasing.

5.15.4.1.16 Qrignator identification. Except tor broadcast communication systems, the trans-
mitter of cach message in inter-user commumecations should be identified--automatically, if possible

SESY Menn selection
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5.15.4.2.1 Use. Menu selection interactive control should be used for tasks that involve littie or
no entry of arbitrary data and where users may have relatively little training. 1t should also be used
when a command set is so large that users are not likely to be able to commit all of the commands to
memory.

5.15.4.2.2 Selection.

5.15.4.2.2.1 Devices. Lightpens or other pointing devices (including touch technology) should
be used for menu selection. (See also Section 5.4.6 Touch Screen Controls for Displays). Where
design constraints do not permit pointing devices, a standard window should be provided for the user
to key the selected option code. If menu selection is accomplished by pointing, dual actions should be
provided. The first action should designate the selected option. This should be followed by a separate
action to enter the selection for processing.

5.15.4.2.2.2 Titles. Each page of options (menu) should have a title that clarifies the purpose of
that menu.

5.15.4.2.2.3 Series entry. Users should be provided the capability to stack menu selections,
i.., to make several menu selections without having each menu displayed.

5.15.4.2.2.4 Sequences. A menu shall not consist of a long list of multi-page options, but shall
be logically segmented to allow several sequential selections among a few alternatives.

5.15.4.2.3 Active option presentation. The system shall present only menu selections for
actions which are currently available.

5.15.4.2.4 Format consistency. Menus shall be presented in a consistent format throughout the
system and should be readily available at all times.

5.15.4.2.5 Option sequence. Menu selections shall be listed in a logical order, or, if no logical
order exists, in the order of frequency of use.

5.15.4.2.6 Simple menus. If number of selections can fit on one page in no more than two
columns, a simple menu shall be used. If the selection options exceed two columns, hierarchical
menus may be used.

5.15.4.2.7 Option presentation. Selection codes and associated descriptors shall be presented
on single lines.

5.15.4.2.8 Direct function call. If several leveis of hierarchical menus are provided, a direct
function call capability shall be provided such that the experienced user does not have to step through
multiple menu levels.

5.15.4.2.9 Consistency with command language. When menu selection is employed to train in
using a command language, the wording and order shall be consistent with the command language.

5.15.4.2.10 Option coding. When sefections are indicated by coded entry, the code ussocisled
with each option shall be included on the display in some consistent manner.

5.15.4.2.11 Keyed codes. If menu selections must be made by keyed codes, the options should

i Coded by the fist sevedal lelteia of their displayed labels rather than by more arbitrary numenc
codes. In defining the codes, however, they should not duplicate any other user function codes.
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5.15.4.2.12 Position in structure. When menu traversal can be accompl:shcd by clearly defined
hierarchical paths, the user should be given some indication of the dlsplaycd menu's current position in
the overall or relevant structure, such as by having an optional display of "path" information. A menu
tree showing the menu hierarchy should be included in the user manual.

5.15.4.2.13 Back menu When using hierarchical menus, the user shall be able to return to the
next higher level by using single key action until the initial, top-level menu or display is reached.

5.15.4.2.14 Return to top level. A function shall be provided to directly recall the initial, top-
level menu or display without stepping through the menu or display hierarchy.

5.15.4.3 Form filling.

5.15.4.3.1 Use. Form filling interactive control may be used where some flexibility in data to
be entered is needed and where the users will have moderate training. A form-filling dialogue should
not be used when the computer must handle multiple types of forms and the computer response is
slow.

5.15.4.3.2 Grouping. Displayed forms shall be arranged to group related items together.

5.15.4.3.3 Format and content consistency. The format and content of displayed forms shail
resemble that of any paper forms used to guide data entry. A standard input form should be used.

5.15.4.3.4 Distinctiveness of fields. Fields or groups of fields shall be separated by spaces,
lines. or other delineation cues. Required fields shall be distinguished from optional fields.

5.15.4.3.5 Field labels. Field labels shall be distinctively presented such that they can be
distinguished from data entry. Labels for data entry fields shall incorporate additional cuemg of data
format where the entry is made up of multiple inputs, e.g., DATE (MM/DD/YY): /

5.15.4.3.6 Cursor. A displayed cursor shall be positioned by the system at the first data entry
field when the form is displayed. The cursor shall be advanced by a tab key to the next data entry field
when the user has completed entry of the current field.

5.15.4.3.7 Entry length indication. The maximum acceptable length for vaniable length fields
shall be indicated.

5.15.4.3.8 Overwriting. Data should not be entered by overwriting a set of characters in a field
(such as a default).

5.15.4.3.9 Unused underscores. When an item length is variable, the user shall not have to
remove unused underscores.

5.15.4.3.10 Dimensional units. When a consistent dimensional unit is used in a given entry
field, the dimensional unit shall be provided by the computer. When the dimensional unit varies for a
given fieid, it should be provided, or selected, by the user.

5.15.4.3.11 User omissions. When required data entries have not been input. the omission
shall be indicated to the user and either immediate or delayed input of the missing items should be
allewed. For delayced entry, the user should be required te enter a special symbo! in the field to
indicate that the missing item is delayed, not overlooked.

5.15.4.3.12 Non-entry arcas. Non-entry (protecied) areas of the display shall be designated and
itade maceessible to the user via the cursor.
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5.15.4.3.13 Flexible data entry. When multiple data items are entered as a single transaction,
the user shall be allowed to re-enter, change, or cancel any item before taking a final ENTER action.

5.15.4.3.14 Informative labels. Descriptive wording shall be employed when labeling data
fields; use of arbitrary codes shall be avoided.

5.15.4.3.15 Logical order. Where no source document or external information is involved,
forms should be designed so that data items are ordered in a logical sequence for input.

5.15.4.3.16 Fomm filling for control entry. Form filling may be used as an aid for composing
complex control entries. For example, for a print request, a displayed form might help a user invoke
the various format controls that are available.

5.15.4.4 Fixed function keys. Fixed function key interactive control may be used for tasks
requiring only a limited number of control inputs or in conjunction with other dialogue types. (See
5.15.2.3)

5.15.4.5 Command language.

5.15.4.5.1 Use. Command language interactive control may be used for tasks involving a wide
range of user inputs and where user familiarity with the system can take advantage of the flexibility and
speed of the control technique.

5.15.4.5.2 User viewpoint A command language shall reflect the user's point of view such
that the commands are logically related to the user's conception of what is being done.

5.15.4.5.3 Distinctiveness. Command names shall be distinctive from one another.

5.15.4.5.4 Punctuation. The command language shall contain a minimum of punctuation or
other special characters.

5.15.4.5.5 Abbreviations. The user shall be permitted to enter the full command name or an
abbreviation for any command of more than 5 characters.

5.15.4.5.6 Standardization. All commands and their abbreviations, if any, shall be standardized
(e.g., see MIL-STD-783).

5.15.4.5.7 Displayed location. Commands shall be entered and displayed in a standard location
oa the display.

5.15.4.5.8 Command prompts. The user shall be able to request prompts, as nécessary, to
determine required parameters or available options for an appropriate next command entry.

5.15.4.5.9 Complexity. The command language should be programmed in layers of complexity
such that the basic layer will allow the inexperienced user to control a transaction. As this person's
skill increases, the command language should allow skipping from basic to more advanced layers to
meet the user's current needs.

5154 510 User definition of macro commands. The programming shall not accept a user
designated macro name that is the same as an existing command name.

5.15.4.5.11 Standard technigues for command editing. Users shall be allowed (o edit erroneous
cotnnand entnes with the same technigues that are employed to edit data entries since consistent
cditime techniques will speed learning and reduce errors.

| 7%
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5.15.4.5.12 Destructive commands. If a command entry may have disruptive consequences,
the user shall be required to review and confirm a displayed interpretation of the command before it is
executed.

5.15.4.6 Question and answer.

5.15.4.6.1 Use. Question-and-answer dialogues may be used for routine data entry tasks where
data items are known and their ordering can be constrained, where users will have little or no training,
and where the computer is expected to have medium response speed.

5.15.4.6.2 Questions displayed separately. Each question should be displayed separately in
question-and-answer dialogues; users should not be required to answer several questions at once.

5.15.4.6.3 Recapitulating prior answers. When a series of computer-posed questions are
interrelated, answers to previous questions should be displayed when those will provide context to
help a user answer the current question.

5.15.4.6.4 Source document capability. When questions prompt entry of data from a source
document, the question sequence shall match the data sequence in the source document.

5.15.4.7 Query language.

5.15.4.7.1 Use. Query language dialogue should be used for tasks emphasizing unpredictable
information retrieval (as in many analysis and planning tasks), with moderately trained users.

5.15.4.7.2 Natural organization of data. Query lan, should reflect a data structure or
organization perceived by users to be natural. For example, if a user supposes that all data about a
particular topic are stored in one place, then the query language should permit such data to be retrieved
by a single query, even though various data may be stored in different computer files.

5.15.4.7.3 Coherent representation of data organization A single representation of the data
organization for use in query formulation should be established, i.c., the user should not necessarily
need to know if different queries will access different data bases over different routes.

5.15.4.7.4 Task-oriented wording. The wording of a query should simply specify what data
are requested; a user should not have to tell the computer how to find the data.

5.15.4.7.5 Logic to link queries. The query language should be designed to include logic
clements thet permit users to link (e.g., "and,” "or") sequential queries as a single entry.

5.15.4.7.6 Copfimming large-scale retrieval. If a query will result in a large-scale data retrieval,
the user shall be required to confirm the transaction or take further action to narrow the query before
processing.

5.15.4.8 Graphic interaction.

5.15.4.8.1 Use. Graphic interaction as a dialogue may be considered for use by casual usess 10
provide graphic aids as a supplement to other types of interactive control.

5.15.4.8.2 Iconic menus. When system users have different linguistic backgrounds, graphic
menus may be used which dispiay scoms W iepieseat the control aptions. Where the system is
intended for use by foreign military personnel, icon design shall be consistent with applicable cultural
and ethmic variables 1o ensure comprehension and to avoid potential offense.
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5.15.4.8.3 Supplementary verbal labels. Where icons are used to represent control actions in
menus, verbal labels shall be displayed with each icon to help assure that its intended meaning will be
understood.

5.15.5 Feedback

5.15.5.1 Use. Feedback shall be provided which presents status information, confirmation, and
verification throughout the interaction.

5.15.5.2 Stand-by. When system functioning requires the user to stand-by, a WORKING,
BUSY, or WAIT message or appropriate icon should be displayed until user interaction is again
possible. Where the delay is likely to exceed 15 seconds, the user should be informed. For delays
exceeding 60 seconds, a count-down display should show delay time remaining (see also 5.15.8).

5.15.5.3 Process ouicome. When a control process or sequence is completed or aborted by the
system, positive indication shall be presented to the user concerning the outcome of the process and the
requirements for subsequent user action.

5.15.5.4 Input confirmation. Confirmation shall not cause displayed data removal.

5.15.5.5 Current modes When multiple modes of operation exist, a means should be provided
to remind the user of the current mode.

5.15.5.6 Highlighted option selection. Any displayed message or datum selected as an option
or input to the system shali be highlighted to indicate acknowledgment by the system.

5.15.5.7 User input rejection. If the system rejects a user input, feedback shall be provided to
indicate the reason for rejection and the required corrective action. Feedback should be self
explanatory.

5.15.5.8 Feedback message content. Users shall not be required to translate feedback messages
by use of reference system or code sheets. Abbreviations should be avoided.

5.15.5.9 Time-consuming processes. The system shall give warning information when a
command is invoked which will be time consuming or expensive to process.

5.15.6 Prompts.

5.15.6.1 Use. Prompts and help instructions shall be used to explain commands, error
messages, system capabilities, display formats, procedures, and sequences and to provide data.
Prompting should conform to the following:

a. When operating in special modes, the system should display the mode designation and file(s)
being processed.

b. Before processing any user requests which would result in extensive or final changes to
existing data, the system should require user confirmation.

¢. When missing data are detected, the svstem shall prompt the user.

d. When data entries or changes will be nullified by an abort action, the user should be
requested to contirm the abort.
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e. Neither humor nor admonishment should be used in structuring messages; the dialog should
be strictly factual and informative for the user.
f. Error messages should appear as close as possible to the user entry that caused the message.
g. If a user repeats an entry error, the second error message should be revised to include a
noticeable change so that the user may be certain that the computer has processed the

attempted correction.

5.15.6.2 Standard display. Prompting messages shall be displayed in a standardized area of the
displays.

5.15.6.3 Explicit prompts. Prompts and help instructions for system controlled dialogue shall
be explicit and the user shall not be required to memorize lengthy sequences or refer to secondary
written procedural references.

5.15.6.4 Prompt clarity. Prompts shall be clear and understandable. They shall not require
reference to coding schemes or conventions which may be unfamiliar to occasional users.

5.15.6.5 Definitions. A dictionary of abbreviations and codes shall be available on-line.
Definitions of allowable options and ranges of values should be displayable at the user's request.

5.15.6.6 Consistent terminology. On-line documentation, off-line documentation, and help
instructions shall use consistent terminology.

5.15.6.7 User confirmation. User acceptance of stored data or defaults shall be possible by a
single confirming keystroke.

5.15.7 Default.

5.15.7.1 Workload reduction. Default values shall be used to reduce user workload. Currently
defined default values should be displayed automatically in their appropriate data fields with the
initiation of a data entry transaction and the user shall indicate acceptance of the default.

5.15.7.2 User selection. The user should have the option of generating default values based on
operational experience if the systems designer cannot predefine appropriate values.

5.15.7.3 Default substitution. The user shall be able to replace any default value during a given
transaction without changing the default definition.

5.15.7.4 Defaults for sequential entries. Where a series of default values have been defined for
a data entry sequence, the experienced user shall be allowed to default all entries or to default until the

next reguired ORtry.

5.15.8 Emor management/data protection.

5.15.8.1 Enor comection. Where users are required to make entries into a system, an easy
means shall be provided for correcting erroneous entries. The system shall permit correction of
individual errors without requiring re-entry of correctly entered commands or data elements.

5 15 8.2 Farlv detection. A capability should be provided to facilitate detection and correction
of errors after keying in, but before entering into the system. While errors shoutd be detected carty,
error checking should occur at logical data entry breaks, e.g.. at the end of data fields rather than
character-by-character, in order to avoid disrupting the user.
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5.15.8.3 Internal software checks. User errors should be minimized by use of software checks
of user entries for validity of item, sequence of entry, completeness of entry, and range of value.

5.15.8.4 Critical entries. The system shall require the user to acknowledge critical entries prior
to their being implemented by the system. An explicitly labeled CONFIRM function key, different
from the ENTER key, should be provided for user confirmation of control and data entries that have
been questioned by the computer.

5.15.8.5 Error message content. Error messages shall be constructive and neutral in tone,
avoiding phrases that suggest a judgment of the user's behavior. The error messages shal} reflect the
user's view, not that of the programmer. Error messages should be appropnate to the user's level of
training, be as specific as possible to the user's particular application, and describe a way to remedy,
recover, or escape from the error situation.

5.15.8.6 Error recovery and process change. The user shall be able 10 (a) stop the control
process at any point in a sequence as a result of indicated error or as an option and (b) return easily o
previous levels in multi-step processes in order to nullify an error or to effect a desired change.

5.15.8.7 Diagnostic information. Error messages shall explicitly provide as much diagnostic
information and remedial direction as can be inferred reliably from the error condition. Where clear
inference is not possible, probable helpful inference(s) may be offered.

5.15.8.8 Correction entry and confirmation. When the user enters correction of an error, such
corrections shall be implemented by an explicit action by the user (e.g., actuation of an ENTER key.)
All error corrections by the user shall be acknowledged by the system, either by indicating that a
correct entry has been made or by another error message.

5.15.8.9 Spelling errors. Spelling and other common errors shall not produce valid system
commands or initiate transactions different from those intended. When possible, the system shall
recognize common misspellings of commands and execute the commands as if spelling had been
correct. Computer-corrected commands, values, and spellings shall be displayed and highlighted for
user confirmation.

5.15.8.10 Errors in stacked commands. To prompt for corrections of an error in stacked
commands, the system shall display the stacked sequence with the error highlighted. Where possible,
a procedure shall be provided to correct the error and salvage the stack.

5.15.8.11 Display of erroneous entries. A computer-detected error, as well as the error
message, shall be continuously displayed until the error is corrected.

5.15.8.12 Help. In addition to explicit error management aids, (labels, prompts, advisory
messages) and implicit aids (cueing), users should be able to obtain further on-line guidance by
requesting HELP. Following the output of a simple error message, users should be permitted to
request a more detailed discussion at levels of increasing detail.

5.15.8.12.1 Standard action to request HELP. A simple. standard action that is always
available should be provided to request HELP.

5.15.8.12.2 Multilevel HELP. When an initial HELP display provides only summary

inorination, 1wre detatled explanations should be provided i iespoise (0 1epeatod usel teguests fol
HELP.
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5.15.8.12.3 Browsing Help. Users should be permitted to browse through on-line HELP
displays, just as they would through a printed manual, to gain familiarity with system functions and
operating procedures.

5.15.8.13 Data security. Data shall be protected from unauthorized use, potential loss from
equipment failure, and user errors.

5.15.8.13.1 Automated security measures. Automated measures shall be provided to minimize
data loss from intruders in a system or from errors by legitimate users.

5.15.8.13.2 Waming of threats to security. Computer logic shall be provided that will generate
messages and/or alarm signals in order to warn users of attempted intrusion by unauthorized users.

5.15.8.13.3 Segregatirg real from simulated data. When simulated data and system functions
are provided (perhaps for user training), real data shail be protected and real system use shall be clearly
distinguished from all simulated operations.

5.15.8.13.4 Display of simulated data. In applications where either real or simulated data can be
displayed, a clear indication of simulated data shall be included as part of the classification label.

5.15.8.13.5 Displayed security classification. When displayed data are classified for security
purposes, a prominent indication of secunty classification level shall be labeled in each display.

5.15.8.13.6 User identification. User identification procedures shall be as simple as possible,
consistent with adequate data protection. The password shall not be echoed on the display (see
5.15.1.2). Audio feedback, rather than visual, shall be provided when inputting secure passwords
during log-on.

5.15.8.13.7 Choice of passwords. When passwords are required, users shall be allowed to
choose their own passwords since a password chosen by a user will generally be easier for that
individual to remember. Guidelines for password selection shall be given so that users wiil not choose
easily guessable ones.

5.15.8.13.8 Changing passwords. Users should be allowed to change passwords whenever
they choose; all passwords should be changed at periodic intervals (not to exceed six months).

5.15.9 System response time. Maximum system response times for real-time systems (€.g.,
fire control systems, command and control systems) shall not exceed the values of Table XXIX. Non-
rcal-time systems may permit relaxed response times. If computer response time will exceed 15
seconds, the user should be given a message indicating that the system is responding.

5.15.10 Other requirements.

5.15.10.1 Overlays. Mechanical overlays, such as coverings over the keyboard or transparent
sheets placed on the display, shall be avoided.

5.15.10.2 Hard copy. The user shall have the capabtisty to obtain a paper copy of ihe exacl
contents of the alphanumeric or digital graphic display in those systems where (a) mass storage is
restricted, (b) Mass stored data can be lost by power interruption, or (c) Record keeping is required.

5.15.10.2.1 Display prnt. The user shall be able to print a display by simple rH}m-ct. (eg.
g

PRINT-SCREEN) without having to take a series of other actions first, such as calling for the display
to be filed, specifying a filename, then calling for a print of that named file
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5.15.10.2.2 Print page. The user shall have the capability to request printing of a single page,
or sequence of pages, by specifying the page numbers.

Table XXIX. Maximum Acceptable System Response Times

| System Interpretation Response Time Definition Time (Secs) |

Key Response Key depression unti} positive response, e.g., "click” 0.1

Key Print Key depression until appearance of character 0.2

Page Turn End of request until first few lines are visible 1.0

Page Scan End of request unui text begins to scroll 0.5

XY Entry From selection of field until visual verification 0.2

Function From selection of command until response 2.0

Pointing From input of point to display point 0.2

Sketching From input of point to display of line 0.2

Local Update Change to image using local data base, e.g., new menu 0.5
list from display buffer

Host Update Change where data is at host in readily acccssxblc form, 2.0

‘ - " e.g., ascale change of cxxstmg image -

File Update Image update requires an access to a host file 10.0

Inquiry (Simple) From command until display of a commonly used 20
message

Inquiry (Complex) Response message requires seldom used calculations in 10.0
graphic form

Error Feedback From entry of input until error message appears 20

5.15.11 Data and message transmission. See 5.15.8.13.1 and 5.15.8.13.2.

5.15.11.1 Functional integration. Data transmission functions shall be integrated with other
information handling functions within a system. A user should be able to transmit data using the same
computer system and procedures used for general entry, display and other processing of data.

5.15.11.2 Consistent procedures  Procedires for prepanng sending and receiving data and
messages shall be consistent from one transaction to another. and consistent with procedureq for other
intormauton handling tasks.

Pt
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5.15.11.3 Minimal memory load on users. The dat