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It is a pleasure to m ake available this 1979 “Sugges-
tions for Designers of Navy Electronic Equipment.”
This is the tenth edition , a revised version of the l92~ ........_—..-

flo~~~~ht a r ~~~~~te IsiVe d~~~~üiii~~T~ uring
the last few years the Navy has witnessed an alarming

• es~ilation in support costs of operational electronic
equipment . Major factors contributing to these costs
are attributed to: (I) the design complexity of elec-
tronic equipment ; (2) the failure of equipment to
operate reliably through operational .mls$iOfl periods ;
and (3) the costs of supporting equipment for mission
operations These factors relate to early design detl~4*~
Design deficiencies or design weaknesses in equipments
that are not ~IInated early perpetuate themselves
through production into Fleet operation. - 

~~~~~~~ :~~

It is the goal of this booklet to point out some of ~
the significant design considerations that ir~~~~ ulti- ~~~~ y~’
mately on Fleet operations. The dest~ner’s thoroughness ~ ~
sets the stage for the level of performance and service . .~~~~

an equipment will provide to the Fleót.
For information on the conversion of conven- •

tional units of measurement to International System
units, refer to Standard for Metric Practice, American
Society for Testing and Materials.
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INTRODUCTION

I

C9I~~~~~~ I~— 
(1~~a~~~~~~ 7~~ ~~~

-

This bookle t is designed to serve as a handy check-
list for engineers during the development of naval
electronic equipment. The objectives are to save engi-
neering, deve1o~,ment , and testing time and effort , and
to increase operational availability of better electronic
equipment. The suggestions are intended for equip-
ment developed for the Naval Material Command,
although most of them apply to all types of military
electronic equipment. This publication is not to be
regarded as a substitute for military stand ards and
specifications. Such documents can be obtained from
the contracting agency concerned.
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The basic specification for Navy electronic equip-
ment is MIL- E-I640 0G.~ It refers to over 130 other
specification s and standards , many of which refe r to
additional documents. Correlation between the sug-
gestions and MIL- E- 16400 is identified by paragrap h
numbers in parentheses. The referenced paragrap h
may give additional information , authority for the
suggeste d action , or a source of further information .

A booklet this size cannot hope to include all the
volumes of engineering information and military re-
quirements necessary for the design of naval electronic A

equipment. The intent is to alert the desi gner to pos-
sible trouble spots in his de sign , or to areas of con-
flict outside his realm of expertise or specialization.
The sooner a design problem can be identified , the
more easily it can be resolved.

The desi gn philosO phy for naval electronic equip-
ment is to utilize those techni ques which increase
ieliability, improve maintainability, and reduce costs.
Low reliability means the equipment fails too often
and is not available when needed. Low maintainabil-
ity wastes time and money due to difficulty in repair-
ing or maintaining the equipment. These factors can
combine to produce life cycle mainten ance costs of
5 to 10 times the initial purchase price . In the
Electronics-X report of January , 1974, the fact that
one third of the FY 74 DoD Budge t for electronics
($5 .4 billion) was spent for support of service oper:i-

NOTE: Superscript numbers refer to the list of refe rences at
the back of this boo klet.
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tior ial systems attests to the lack of attention to re-
liability earl y in desi gn . Thu s it is more im portan t to
improve reliability and maintaina bil i ty than to reduce
the purchase price. However , the law of dimin ish ing
returns app lies and proper trade-offs must be made.
The time to reduce life cycle costs by such reliability !
main tainability /pu r chase price trad e-offs is durin g
equi pment design .

The design suggestions compiled in this guide we re
derived from military specifications , human engineer-
ing guide3 , and other basi c sources. In some cases the
suggestions may seem to be contradictory . considered
item by item;however , thi s only points to the need
for trade-of fs. The designer must approach the design
problem prepare d to maximize system effectiveness -~~

not simply to maximize reliability, or to design for
the lowest cost , or the most maintainable condition.
Trade-offs are the means of obtaining maximum sys-
tem effectiveness .

Those suggestions that seem to be obvious are in-
cluded as reminders so tha t previous errors which re-
sulted in faulty equipment will not be made again. It
is expected that the designer already knows most of
the material in this booklet , but most designers should
benefit from its use as a checklist .

Address comments on this publication to
Commander , Naval Ocean Systems Center . San Diego .
California 921 5 a t t en t ion  Code 924 .

Any part or all of the suggestions in this booklet
may be reproduced , provided credit lines are given .

7



PHYS ICAL CHARAC TERIST ICS

1. Design the equi pment to m eet the actual
requirements ; overdesign (electrical or
mechanical), in itself , is undesirable .

2. Do not design circuits for greater power out-
put or sensitivity than will be require d to
meet specifications. However , an adequate
reserv e 1br operation under worst case con-
ditions must be provided.

3. Avoid excessive size and weight caused by
ultra-conservative packaging and parts
selection.

• 4. Subminiaturization (microelectronic design)
should be considered during the design
phase. Even if initial models will not take
this form , the adv antage s of microelectron ic
circuitry (such as increase d reliab ility due to

8



fewer interconnec tions and decreased size
and wei gh t )  are important  fact ors in any
new desi gn.

5. Subminiaturize where size and weig ht are
major factors , but  onl y if equipmen t reliabil-
ity and maintainability arc not decreased.

6. Design equi pment to be within the following
maximum size re strictions: (3 .3 .2 .2 . l )*
a. Surface ship installation : (3 .3 .2.2.2)

( 1 )  Height: 72 inches , including mounts.
(2 ) Capable of passing throug h a 30-inch

by 30-in ch hatch with round corners
on 7- 1 /2 inch radi i .

(3) Capable of passing through a 26-inch
by 45-inch door with roun d corners
on 8-inch radii.

b. Submarine installation : (3 .3.2.2.3)
(1) Height: 72 inches, including mounts.
(2) Capable of passing through a 25-inch

diameter tube .
(3) Capable of passing through a 20~inch

by 38-inch door with ro und corners
on 10-inch radii.

7. Design equi pment to the lightest weight con-
sistent with sturdiness , safety. and relia bility.
(3.7.1 )

*NIl nl bers in parentheses indicate applicabl e paragraphs in
M I L -E- 16400G (NAVY ) . ’

9
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8. K eep we ig h is of un i t s  and suha sse ii ib li e s
down to permit  l i f t ing  under realist ic work
condit ion s .  Do not re quire  one man to c\-
ceed lb e folI ’ ~w in g l imi ts .  Reduce the se
l imi t s  it ’ the task r e q u i r e s  the equi pmen t to
he carr ied  more th an  a few steps.  ( 13•2 4

H eight of Lit i Maxim um Weig ht
AboVe Ground of Item

5 f t  ( 1 5 2  cm) 35 lb ( l ( ~ k g
4 ft ( 1 22  cm) 50 1b ( 3  kg)
3 ft (9 1 cm) 65 lb ( 2 ~-) kg )

ft (6 1 cm) 80 lb (36 kg )
1 ft (30 cm) 85 lb (39 kg)

9. Provide handles for uni ts  weig hing more than
10 lbs or which are d i f f icul t  to grasp . remove.
or hold.

10. Provide suitably lab ded lifting eyes on equi p-
inent weighing more than 150 pounds.
(3.7.2.7)

1 1  . Addit ional  general design informat ion  can he
f o u n d  in references 2 and 3 at the  hack of
this booklet .  For a i r c r a f t  equi pm ent . see
M IL -F-5 400. 4
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In anal yzing the many factors affecting the opera-
tional reli ability of an electronic system it is obvious
t hat “design” is the most significant. All other con-
siderations can. at best , optimize or preserve that in-
here mi t reliability which is designed and manufactured
into the system. From th is we must conclude that
the designer has the cri tical role of incorporat ing this
inherent reliability through sound basic engineerin g.

RELIABILI TY PROGR A M

Reliability is the probability that an item will per-
form its intended function for a specified interv al
within a stated operational environment. The design-
er shoul d establish a reliability program during the
earliest phase of a development. Detailed reliability
program requ irement s are provid ed in MIL-STD-785 5
or othe r SYSCOM requir ements such as MIL -R-
22732. 6 (3.3.3)

A re liability pro gram consists of those plans and
tasks scheduled in a manner to provide control over
all factors affecting the reliability of equi pment dur-
ing conceptual design and feasibility demonstration ,
developmen t , preproduction and production to insure
that the quantitativ e reliability requi rements of the
equi pment are met. Reliability tasks germane to a
reliability program are: program planning, design
guides , mathematical modeling, allocation , predic-
tio n , failure modes and effects analysis , parts program,
trade-off studies , contractor control , documentation
and data control plans , design reviews , developmental

13



test planning and testing, and failure analysis during
testing. The majority of these tasks are performed
during concept design and developmental stages of a
program before a preprodu ction design is formulated.

The most important of the above tasks are :

• Allocation
- • Prediction

• Failure Modes and Effects Analysis

• Test Plan ning and Testing
• Failure Ana lysis Durin g Testing

• Design Reviews

ALLOCATION (3.3.3.1)
Allocation is the apportionment of equi pment

reliability fr om an individual equipment specification
to lower limits within the equipment. This is accom-
plished by allocating numerical reliability goals to
each assembly and subassembly down to each non-
repairable part. When combined with the mathemati-
cal model, the allocated goals should yield an equi p-
ment reliab ility not less than that required in the
individual equipment specification. A reliability
group usually performs this task and the results pro-
vide the designer with his numerical reliability
requirement.

14



PREDICTION (3.3.3. 2)

Prediction is the determination of equi pment relia-
bility from the reliability characteristics of its compo-
nents. Reliability predictions , performed early in the
design phase, are used as a basis for determining the
adequacy of the equ ipment configurations in meeting
the allocated design goals. Prediction makes it possi-
ble to determine the weak links in the equipm ent and
to determine the necessary changes, costs, and
improvements.

Sub tasks of prediction are :
a. Reliability logic block diagram (which shows the

relation ships between equ ipment operation !
failure and constituent equipment or compo-
nent operation/failure) and

b. Math model of the logic block diagram in equa-
tion form. MIL- STD-7S6~ shows how to
construct the logic block diagram and make
predictions. MIL-HDBK-2 1 78 is a basic source
of component data.

FAILURE MODES AND EFFECTS ANA LYSIS
(FMEA) (3.3.3.3)

FMEA determines the effects on hardware (circuit)
outputs when constituent parts fail in different modes.
Typical part failure modes are fail open , fail closed ,
and parameter drift . Examples are given in the Relia-
billtv Design Handbook.9 This task points out to
the designer the effects of each item failure on his de-
sign and the manner in which the failure occurs.
Failures which might appear to be simple could be

15



critical to system operation. The designer now can
soften or remove the impact of the failure by chan g-
ing the design . The FMEA results combined with the
prediction task will provide information to the design-
er on the reliability worthiness of his design and the
weak links in the reliability chain. From this in forma-
tion he can make more reasonable decisions as to the
need for design change s and , if needed , the types or
areas of change that will yield.a significant improve-
ment in reliability. FMEA is used as a tool for design
improvements to eliminate or reduce item criticality
by providing redundancy, alternate modes of opera-
tion or increased personnel and material safety.

TEST PLANNIN G AND TESTING

The proof of achieved reliability and , converse ly ,
the uncovering of deficient areas of design , lie in the
testing of the item. The designer should gather appro-
priate data for reliability purposes during the develop-
ment and testing stages. Measures such as accept/
reject criteria , the definition of a failure , and
instrumentation and data requirements should be
established. The designer should also supply infor-
mation indicating the type s of tests needed , test
equipment required for each test , acceptable limits
of operation , and type of test report required. Test-
ing should be performed at the environmental stresses
listed in the individual equipment specification. This
data and information allow the test and evaluation
group to develop a reliability test plan as described in
M IL- STD-78 1. ’°

16
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FAILURE ANALY SIS DURING TESTING
This task determines the following : (1) estimation

of the reliability of hardware from test data; (2) if the
equipment is to be accepted or rejected; and (3) causes
of fail u re and weaknesses in design . (See M1L-STD-
781 ~

) The results of this task provide the basic data
for the design analysis and redesign of equipment. It
provides the feedback loop to designers so they can
effect a design change that eliminates the uncovered
deficiencies.

~~~

~y

¶
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DESIGN REVIEWS

Formal and informal design reviews pr ovide the
necessary interaction between the designers , the spon-
sors and the users. These reviews provide an insight
into the designer ’s ideas and allow an appraisal of his
approach , progress, and problems. The designe r gains
a more pre cise understanding concerning the require-
ments and problems and whether his design approach
will fulfill the reliability needs of the user. Formal
design reviews usually consist of a Preliminary Design
Review, held during the preliminary design of the
equipment , the Critical Design Review, usually held
30 days prior to formal design release , and the Final
Design Review.

Information and guidance that will hel p to design
more reliable equi pment can be found in re ferences 9
and I I  through 20 at the back of this booklet.

DESIG N SUGGEST IONS

1. Design for reliability first , maximum per form-
ance second.

2. Verify that reliability program tasks (alloca-
t ion, prediction , failure modes and effects
analyses, et. a!.) b eing conducted in support
of the circuit/assembly design effor t fulfill all
contractual reliability program requirements.

3. When form in g a predicted reliability valu e
for the circuit , use part failure rates that

- reflect only those part failure modes whose

18



occurrence will induce an out-of-specified
tolerance output from the circuit .

4. Minimize use of moving parts.
5. Use fail-safe features. Minimize the possibil-

ity of any faulty part causing an unsafe con-
dition , a series of other parts to fail , or com-
plete equipment failure.

6. Use part s whose dominant failure mode has
a minimum effect on the output of the
circuit.

7. Make circuits and mechanical designs as
simple as practicable .

8. Keep the number and complexity of individ-
ual stages to an absolute minimum.

9. Keep the number and variety of components
(electrical and mechanical) o an absolute
minimum.

10. Utilize common parts where possible . Insure
complete interchangeability of all like remov-
able assemblies and parts. (3 .4.7)*

11. Use adequate derating factors for tempera-
ture effects (especially with semiconductors ,
capacitors, and resistors) to insure reliabili ty
under worst-case conditions.

12. Compensate in equipment design for known
limitations of parts.

*Numbers in parentheses indicate applicable paragraph s in
MW - F- 16400G (NAVY). ’

19
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13. Choose relays and switches with the prope r
contacts considering peak current to be in-
terrupted , lowest current to be conducted ,
and a maximum acceptable contact
resistance.

14. Use tolerances which allow for use and wear
throughout equi pment lifetime (electrical
and mechanical parts). (3 .4.5 )

15. Eliminate critical circuits by allowing large
tolerance margins in circuit operation.
(3.4.5)

16. Check circuit function with random selection
of tubes, transistors , or integrate d circuits.
Determine if shift s in characteristics or nor-
mal aging of other components is likely to
affect operation seriously during the desired
equ ipment life . (3.4.5) (3.4.7)

17. Do not push state-of-the-art technology if
readily available , proven reliable , common-
use technology will do the job . Because it is
the latest creation does not make it the best ,
and the newest devices do not have reliability
“track records”. Significant advantages in
cost , size , weight , speed , etc. may justify the
use of state-of-the-art technology, but only
if there is a definite advantage needed to
meet a requirement.

18. Minimize use of parts known to have high
failure rates, such as connectors , relay s, anrj
electron tubes.

I
20
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19. Do not emp loy active elements if a function
can be perfo rmed entirely by passive ele-
ments unless designing microcircui ts.

0. Prevent possible open circuits in variable
resistors by connecting the wiper to one end
whenever that end would otherwise be left
unconne cted.

21. Be certain that resistor wattage rating is still
adequate when adjusted toward minimum
resistance.

22. Use a single connector pin of adequate cur-
rent rating rather than dividing the current
between several pins of lower rating.

23. Minimize power supply demands and internal
temperature rise in equipment by using the
lowest feasible values of current and voltage.
This keeps power losses to a minimum. Avoid
the use of high-loss circuit configuration . Do
not sacrifice stability or per fo rmance.

24. Design shore station equipment to operate
properly over a range of 90 to 110% of
nominal power-line voltage and 95 to 105%
of nominal power-line frequency. Othe r
ranges apply for shipboard and aircraft
power sources. (3.5.1)

25. Regulate heater current for electron tubes to
reduce initial surges and lower failure rate.

26. Avoid circuits that require a high degree of
voltage regulation .

- 27. Do not connect dial lamps in series. (3.7.8 .4)

21
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28. Where an ob servation is criti cal , i l luminate
from two or more sources in par allel.
(3.7.8.2)

29 . Critically screen manufactur er ’s electrical
pa rameter values , as these values quite fr e-
quentl y are unr ealistic and~opt irn ist ic. It is
recommended th at  integrated circuits be
test ed to deter m in e typ ical values.

30. Do not load in tegrat ed circuit outputs to
more than 70% of manufacturer ’s maximum
fanout rating.

31.  Do not exceed the manufacturer ’s recom-
mended power supply voltage. Maximum
ratings should never be used.

32. Combine internal wiring into a cable and
hold togethe r by means of lacing tape or
permanently mounted cable ducts. The cable
should be clamped to the chassis at frequent
intervals to prevent conductor breakage or
insulation removal during vibrat ion. This
does not apply to backplanes or to wiring
which requires isolation because of electro-
magnetic interference. (3.4.8.9) (3.5.7. 1)

33. Protect wires and cables running through
holes in metal partitions or across sharp metal
edges from mechanical damage by the use of
grommets or other suitable means. (3.5.7.2)

34. Route cables to protect them from damage / I
during movement or from moving parts. (
Such damage includes: cutting, chafing,
crushing, pinch ing, flexing, stretching, and
bending sharp ly. (3 .5.8.2)

22 4 
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35. Do not route electrical cables below fluid
lines.

36. Do not use edge-board connectors. Two-
piece connectors are more reliable .

37. Be sure that certain failure modes do not
negate the use of redundan t equi pment.

38. Use is often made of redundancy when com-
plex equipment is intended for long periods
of operation. The presence of redundan t
elements in an equi pment implies the existS
ence of more than one way to do a task;
therefore , the failure of a redundant element
will not ordinarily resul t in failure of the
equipment . The advantages are obvious , but
redundancy introduces problems of addition-
al cost , size, weight , and complexity (more
components to fail). The presence of redun-
dant elements does not necessarily imply
complete functional redundancy.

GOVERNMENT-INDUSTRY DATA
EXCHANGE PROGRAM (GIDEP)

GIDEP can be a useful source of information for
designers . The objectives of GIDEP are to: (1) Reduce
and/or eliminate duplicate expenditures for testing

- developmental parts and components. (2) Increase
the confidence level of the reliability of parts and
components. (3) Expedite research and development
projects by avoiding repetition of accomplished tests
and by providing an indication of possible parts and
component failure modes .

23
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Cll) liP is a co opera t ive  a c t i v i t y  b e tween govern-
men t aiien cie s and in d u s t r y  pa F t ic i  pan Is I h a  I J ) F iv ide s
bot h co \ c , i nh i e n t  ace nc ie s an d co il ! r a c t o i s  w i t h  au t t —
m at i c  i n t e i c l i a i i ~ c ol te ch i i i ical  d a t a  re la ted  n.  naris ,
cum p oil ent~, and mater ia l s  uti l i ied in m i l i t a l ’ \ a ii d
space systems. This includes r esul ts  of t e s t s  conducted
and cah ib i -a tion procedures developed by con t r ac t  Ot ~~,

subcont ra c tors , and government act ivi t ies  engage d in
research , desi gn , developme nt , p roduc t ion , and sup-
p ort of equi p in en I for  the govern ment . CI Dl ~P is
concerned w i t h  the  acquisi t ion , storage , r e t r i e v a l , ~nd
dissemination of reliability and qualification test
information on parts , materials , components , and
systems . Test equipment calibration procedures are
also included in GIDEP data.

By means of a rapid-access data retrieval system ,
GIDEP will furnish a designer with reliability info r-
mation , manufacturing processes , calibrating proce-
dures , and related technical test data in the entire
spectrum of military and space hardware . The Urgent
Data Request System allows a unique exchange of
information for solving an immediate problem.

NAVMAT has directed (NAVMATINST 5200.
35A) that each element of the Naval Material Com-
mand engaged in research , design , development , or
production of mission-related Navy material shall
participate in GIDEP and shall designate a GIDEP /
representative or coordinator. 2 I
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Maintainability design is an important part of Navy
electronic equipment. With its expected long deploy-
ment life span , it must have a high level of maintain-
ability not only to reduce equ ipment downtime , but
also to help reduce the life cycle cost of maintenance
and logistic suppo rt . Specifically , maintainability de-
sign is that part of equipment design which contributes
to the rapidity, ease, and economy of maintenance
and repair. The main purpose is to provide features
and functions which will simplify or expedite the
maintenance tasks which must be performed to keep
an equipment in its specified operating condition , or
to restore it to that condition , in the environment
where the equipment will be used. As a prerequisite
to ensure optimum maintainability of Navy electronic
equipment , it is important that the designer be aware
of both the established shipboard maintenance pro-

~ cedures and the physical conditions under which
maintenance is to be performed. Similarly, the design-
er should also be aware of the qualifications and limi-
tations of the technicians who will maintain the
equipment, and take care to keep the maintenance
methods and test procedures within the capabilities
of the available maintenan ce personnel.

It is clear that maintainability must be considered
early in equipment design . MIL-STD4702 2  contains
the basic requirements and guidelines for a maintain-
ability program . (3.3.4) A maintainability analysis is
performed in accordance with MIL-STD47O.2 2  Te&n-
niques for the maintainability prediction are found in
MIL-HDBK -472. 23 (3.3 .4.2) Maintainability desi gn
reviews are held at appropriate stages of the equipme nt .

26



development. Maintainability status reports are requir-
ed at specified intervals. MIL-STD-47 124 gives the
procedures , test methods, and requirements for verifi-
cation of the specified maintainability requirement.

Even if the design is not required to supply infor-
mation for , or participate in , the maintainability
program , he should be aware that such events are tak-
ing place and may interact with his design . Maintain-
ability design books are included in references 25
through 28 at the back of this booklet.

GENERAL

1. Design equipment for maintenance under
worst case conditions: inexperienced per-
sonnel working under personal stress in a
difficult environment.

2. Provide for the making of crucial adjustments
in emergency situations without need for
complex associated equipment.

3. Where feasible , all maintenance tasks should be
easily and rapidly accomplishable by one man.

4. Use throw-away modules where it is cost
effective. Provide means for an easy Go/No-
Go check. (3.3.2.3)*

5. Eliminate dirty, awkward , and tedious job
elements.

6. Use air filters and RFI screens that are easily
accessible from outside the equipment for

*Numb&s in parentheses indicate applicable paragraphs in
MIL - E-16400G (NAVY). ’
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inspection, cleaning, and replacement.
(3.4.8.14) (3.8.1.4)

7. Design equipment and use components which
require little or no preventive maintenance.

8. Identify parameters or conditions which
should be monitored or checked through
preventive maintenance actions.

9. Whenever possible, eliminate need for main-
tenance adjustment by use of stable parts
and circuit designs. Never use adjustable
parts when part values need not change dur-
ing the life of the equipment.

10. Provide time totalizing meters to indicate
elapsed time for both standby and operating

£7

28

— —



-~~

conditions. Do not use the electrochemical
type. (3.7.8.14)

11. Limit the need for long and complex mainte-
nance manuals and procedures.

12. Provide rotating assemblies with means for
hand rotation, and ind icate normal direction
of rotation.

13. Insure that all moving parts operate smoothly
and quietly. Keep backlash and torque-lash
to a minimum.

14. Design moving mechanical components for
use without replenishment of lubricant
where practicable.

15. When lubrication is required, moving parts
should not require disassembly.

TESTABILI TY

16. All equipment must be tested dur ing its
manufacture , installation, and, extensively,
throughout its useful life. Therefore, efforts
expended to improve ease of testing and cali-
bration at all levels will resul t in a reduction
in system life cycle cost.

17. The design of modular systems greatly facili
tates test and repa ir and is encouraged; how-
ever , these modules or building blocks must
be easily tested within the system and by
themselves, preferably without the use of
special equipment.

18. Built-in-test (BIT) should be used for both
fault detection and isolation,29 and should
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normally be limited to no more than 15%
increase in equipment complexity.

19. Fault indicators, both visual and audible, are
desirable and must themselves be easily
tested.

20. Provide test and control points for checking
signals from , or inputting to, essential vol-
tages and/or waveforms. ..

21. Design test points and test connector to allow
accidental shorting of pins both to ground
and to each other without circuit damage.

n~ ~::=~~~~~1

22. Whenever possible , minimize the need for
in-field adjustments of the equipment.
Modules and subassemblies must be replace-
able without requiring system realignment.

23. Design for rapid and positive adjustment and
calibration. Adjustments should be access-
ible and easily identified .

30
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24. In general, always :
a. Provide methods of interrupting feedback

loops.
b. Try to prevent “Domino” failures.
c. Allow for external initialization.
d. Allow internal clocks to be easily

disabled.
e. Break up long counter chains.
f. Design BIT circuitry to allow failsafe

operation in case of BIT failure.
g. Allow for reasonable capacitive loads for

both input/output lines and test points,
25. Provide built-in-test equipment (BITE)

whenever:
a. Frequent observations are necessary while

prime equipment is in actual operation

(e.g., panel meters and monitor scope).
b. Portable test equipment cannot readily or

effe ctively provide necessary information
(e.g., test antenna and rf sampling probes).

c. Testing requires disassembly of an equip-
ment or transmission line (e.g., directional
couplers , slotted lines , and waveguide
switches for dummy loads).

d. Measurements endangering life must be
made.

e. A significant reduction in mean-time-to-
repair will result.

26. Built-in monitoring devices/BITE should be
easily removable for calibration and repair
(3.6.1.1).

2’i. Provide, in an easily accessible location, any
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special tools and/or test cards and cables.
28. Use a defeatable keying system in subassem-

blies to minimize special adapters but be
sure it cannot be accidentally bypassed.

LABELING

29. Lubricant type and frequency of lubrication
should be on a label at or near lubrication
points. (3.4.9.12)

30. Clearly mark points which MUST be removed
at specified intervals for maintenance or re-
placement. Indica te the interval in calendar

- -:. or operating time.
31. Mount maintenance instructions and calibra-

tion charts on the equipment in full view for
maintenance. Design them to last the equip..
ment life. Instructions should be simple,
complete and readable .

4
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32. Locate par t reference designations adjacen t
to each part. Markings should be legible and
permanent.

33. Select multi-contact connectors that are
keyed, polarized, or conf igured to prevent
improper connections, positioning, or mat-
ing. (3.4.8.10.7)

34. Design removable parts so they can be in-
stalled only in the proper position by means
of keying, color coding, size, or shape.
(3.6.6)

35. Provide guide pins if required for alignment
of modules or high density connectors.

36. Aligning or keying pins on conne ctors should
project beyond the electrical pins.

- 37. Proper orientation of components within a
case should be obvious through either design
or appropriate labels. All similar sockets and

~ polar ized componen ts should have the same
physical orientation.

-
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38.. Labels on plastic or metal should be stamped ,
etched , engraved , silk screened , or stenciled
and covered with clear lacquer . Do not use
paper labels or decals. (3.9.4)

39. - Route cables to be easily accessible for in-
spection and repair , and secure them with
easily operated cable clamps.

40. Wires and cables should be coded , labeled ,
and easily identifiable throughou t their
length. j

.
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41. Color code chassis~ wiring in accordance
with MIL-STD-68 1 ~~~~~~~ Noninsulated leads
should be color coded by means of colored
lacquer spots near the terminals. (3.4.8.36)
(3.9.4.4)

42. Mark transmission line terminals with the
characteristic impedance of the line.

43. The method of opening and closing should
be obvious from construction of cover or
instructions attached to the outside.

44. Mark, index , or meter all controls so that the
control position can be readily identified.

45. Place fixed guide marks on equipment if the
pre-setting of controls is required for stand-
ard maintenance operations.

46. Index mechanical assemblies subject to
maintenance disassembly to insure proper
relative position of parts on reassembly .

ACCESSI BILIT Y

47. Avoid need for access to the rear and sides of
equipment. Normal shipboard installations
make such access difficult.

48. Provide access to parts and leave sufficient
hand room for testing, removal and
replacement.

49. Provide sufficient spacing between connec-
tors so they may be grasped easily for con-
necting and disconnecting. (3.6)
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50. Design equipment so that components with
a high probability of failure are the most
easily accessible. (3.6)

51.  Use plug-in techniques for easy and rapid
replacement of assemblies with spares.
(3.3.2.3)

52. Minimize the number of inputs and outputs
for each replaceable unit.

53. Avoid stacking of parts. Replaceable units
should be mounted to the chassis rather than
to each other.

54. Units and components should not be blocked
by other large or difficult to remove units,
components, or structural members.
(3.5.8.1) .
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55. Prevent the possibility of excessive torqu e or
pressure being applied to cases, modules, or
connectors during installation.

56. Consider self-locking plugs with a safety
catch rather than plugs requiring safety wire.

0

S

57. Use care in mounting miniature parts. Their
smallness pften influences the designer to
moun t them in ways which make mainte-
nance difficult. (3.5.8.1)
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58. For physical access, the followin g should be
used in this order of preference, consistent
with possible performance degradation: (3.6)
• Opening with no cover.

• Sliding or hinged door if moisture or
foreign materials are a prob lem.

• Quick-opening cover plate if a door will
not meet stress or sealing requirements.

59. Provid e doors and hinged covers with slip
hinges, braces, locks, stays, or stops to hold
them open. (3.6.6.1)

60. Design all chassis to be completel y remov-
able from the enclosure without extensive
disassembly.

61. Mount frequently removed , large assemblies
on drawer slides. (3.6.6)

62. Choose drawer slides which are adequate for
the load. There should be no sagging, bind-
ing, or swaying motion with the chassis in
the opened position. Automatically operated
locks with a quick disconnect feature should
hold the chassis open in the maintenance
position. If flexible cables are employed,
cable handling should be automatic. (3.6.6)

63. Slides which pivot and ~lock the drawer in a
vertical plane allow easy access to the top or
bottom of drawer-mounted equipment while
still installed in a rack. (3.11.10.1)

38

‘.5



64. Provide flexible cables (preferred to “patch
cords”) that are long enough to permit drawer
slides to be fully extended without breaking
electrical connections.

65 . Provide handles or bales for removing units
of chassis from enclosures.

66. Design the equipment so that parts will not
be susceptible to damage during servicin g
and maintenance. Provide guards to protect
exposed delicate part s from damage. Bales
or other suitable means should be provided
to protect part s when the chassis is removed
and inverted for servicing . (3.6.7)

67. Provide chassis mounted rests or stands for
large or heavy component s while they are
being removed or installed. (3.6)

If/ a))
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68. Design equipment to permit thorough visual
inspection of all parts so that obvious fa il-
ures (such as damaged parts , burned resistors ,
or broken wires) can be located quickly.
For visual access, the following should be
used in the following order of preference ,
consistent with possible performance degra-
dation: (3.6)

• Opening with no cover.

• Transparent plastic window if dirt , mois-
ture , or foreig n materials are a problem.

• Break- resistant glass if physical wear or
contact with solvent will cause optical
deterioratio n of plastic.

• Quick-opening metal cover if glass will
not meet stress or other requirements.

69. Where practicable , provid e for maintenance
without the use of tools.
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70 . Limit the number and variety of tools, acces-
sories, and support equipment.

7 1 . Minimize the need for special tools. Where
required , they should be mounted securely
in a convenient place in the equipment.
(3.6.3)

72. Insure that assemblies and unit s can be re-
placed with no thing more than common
hand tools.

//

~
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73. Lighted switches and panel lights should
have front replaceable lamps. Use lock-type
lamp holders. Minimize the number of lamp
types.

74. Localize circuit part s and subsystems to the
maximum extent consistent with good elec-
trical and mechanical design.

41

a
- ~~~~~~~~

.5’.- —5--- 5.-
—.5 

_______



‘S

75 . Provide slack in flexible conduct ors to allow
for at least two replacements of the attached
parts.

76. When soldering leads and wires to terminals,
wrap lead of wire around terminal no less
than half or mor e than a full turn to prevent
movement during soldering. Leave no exten-
sion on wires soldered to terminals.
(3.5. 7.3.1)

77 . Never mount more than three wires on one
terminal or wrap-post . (3.4.8.31)

78. Position connectors and associated labels in
full view. All connector pins should be clear-
ly identified.

79. When using connectors with solder terminals,
the terminals should be long enough and far
enough apart to prevent damage to neighbor-
ing terminals, wiring insulation , or surround-
ing connector material .

80. Mount terminal strips and test point s so as
to be accessible when the equipment is
opened for maintenance without the
removal of cable entrance plates or
cables. (3.7.2.8.3)

OVERLOAD PROT ECTION

81. Protect equipment with fuses, etc., to pre-
vent damage from unexpected operating con-
dit ions, such as current overload , excessive
heating, or internal faults. (3.5.2)
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82. Make overload protective devices such as
fuses and circuit breakers readily available
(from the front panel if possible). No spe-
cial tools should be required unless needed
for safety. (3.6)

83. Provide overload indicators on major compo-
nents even if overloaded circuits must some-
times be kept in operation.

84. Provide a positive indication on the fiont
panel that a fuse or circuit breaker has
opened a circuit. Labels should be provided
on fuse panels to indicate the rating of each
fuse and the area of major equipment served
by the fuse or circuit breaker. (3.5 .2.1)

85 . Provide holders for spare fuses in a conven-
ient location , and mark “SPARE” adjacent
to each spare holder in letters at least 3/64
inch high . (3.4.8.17) (3 .5 .2)

86. Provide one spare fu se for each type used ,
and at least 10% of the total number. (3.8)

87. Select circuit breakers capable of being
manually operated to the ON and OFF
positions. (3.4.8.8)

88. Use tri p-free circuit breakers unless the ap-
plication require s emergency ove rriding of
the tri p mechanism (nontri p-free). (3.4.8.8)
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The military environment is recognized as a con-
stant challenge to designers. Successful Navy elec-
tronic equipment depends on consideration of plat-
fo rm requirements from the early planning stages, and
designing to survive the required environmental
conditions.
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DESIGN SUGG ESTIONS

1. Apply all parts with proper concern for
environment. Allow for change in values of
part characteristics with time, temperature,
and humidity.

2. When not requiring a complete military en-
vironmental specification , a “tailored speci-
fication” for equipment should be employed
using applicable sections from military speci-
fications but softening the specification in
areas where full military specification is not
requ ired.

3. Design for MIL-E- 16400’ extreme environ-
mental requirements (may be modified by
equipment specifications) : (3.3.5 )*
a. -62 to +71°C (non-operating).
b. —54 to +65°C (operating) or other ranges

as defined by the equipment specification.
c. 95% relative humidity.
d. Equipment should withstand the grade A,

type A, class I shock test of MIL-S-901 ~3 1

e. Equipment should withstand the type I
vibration test of MIL-STD-l 67.32

f. Equipment exposed to weather is expected
to withstand winds of 100 knots and to
operate in winds of 75 knots.

*Numbers in parentheses indicate applicable paragraphs in
MIL-E -16400G (NAVY) . ’
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g. Equ ipment exposed to weather should
withstand salt spray.

h. Use watertigh t enclosure s for equipment
exposed to weather. (3.7.2.1)

i. Use dripproof enclosures (even if tilted
45 degrees) for equipment to be installed
inside ship spa ces. (3.7.2.1) (3.8.1.3)

4. Protect external connectors from damage or
contamination from dirt, water, etc., by
means of attached plug or socket covers.

5. Clamp or otherwise secure electronic parts
(having a diameter of 1/2 inch or more, or
whose weight exceeds 1/4 ounce per lead) to
the chassis or board to prevent lead breakage
from fatigue under vibration. (3 .5 .8)

6. Use stranded wire rather than solid conductor
where flexure in vibration may cause
breakage .

7. Secure stranded copper wire that has been
soldered to a terminal so that vibration does
not cause the conductor to flex near the area
where the individual strands have been sol-
dered together.

8. Do not join leacfs without a support at their
junction.

9. Use alignment pins or similar devices of suf-
ficient strength to bear shock and vibration
loads between chassis assemblies and enclo-
sures. Never depend on electrical connectors
and chassis slide assemblies to bear such
loads.
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10. Drawers or removable chassis should have at
least two guide pins on both fron t and rear
sur faces. Mating parts should fit such that
they do not hammer during vibration.

11. Provide adequate lockin g devices on doors
and drawe rs to preven t them from opening
during shock or vibration.

12. Insure that mechanical design provides ade-
quate mounting and support for all compo-
nent parts, using a minimum of structural
material.

13. Avoid cantilever mounting of parts .
14. Locate heavy parts as close to load.bearing

structures and as low as practicable. For tall
equipment requiring a stabilizer moun t or
bracket at top of the equipment , mount
heavy parts as close to the rear equipment
wall as practicable.

15. Determine grouping and location of parts on
a chassis by good mechanical design practice s
to withstand the rigors of shock and vibration
in use.

16. Equ ipment enclosures should not resonate in
vibration below 50 Hz. (3.7.2.3)

17. Improve the rigidity of large, flat sheet metal
items with creases, bends, or stiffeners.
(3.7.2.4)

18. Modules and printed wiring boards should
have a higher na tu ral frequency than their
mounting structure (preferably above 60 Hz).
This can be accomplished by the use of small
boards or stiffeners.
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19. Use shock or vibration mounts only if abso-
lutely necessary. If their use is permitted ,
they must meet certain specifications. They
are trea ted as nonstandard parts and approv al
is required. (3.7.4)

20. Shock or vibration mounts should be easy to
replace. Provide adequate clearance to allow
freedom of travel. Avoid cascading systems
of such mounts. Include attache d cable s in
analysis for shock or vibration mounts.

21. Guard against relay contacts opening during
shock or vibration.

22. Do not allow the possibility of electrical
instabilities during vibration caused by loose
mechanical parts.

23. Avoid use of friction or pressure contacts
where possible. Where used , the y should be
designed to prevent erratic operation under
service conditions. (3.5 .7.3.2)

EL ECT RO-OPT ICS

Although the field of’electro-optics is relatively
new to military systems, it has become increasingly
apparent that no other technology will see such an
increase in application throughout the 1980’s.

PHYSICA L SHOCK

Electro-optic systems generally contain certain
fragile componen ts which, even when ruggedized to

49
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the most feasible limits, are susceptible to damage if
they encounter the maximum shock and vibration
scenarios typical of most naval platforms. Therefore ,
it is advisable that extreme care be taken when choos-
ing fixture designs and locations for such equipment ,
if such choices are possible within the operational
requirements.

While the Navy has had much experience with the
emplacement of visible optic systems, delicate electro-
optic systems present an even greater challenge to the
engineer. The actual optic train of an electro-optic
system may be composed of germanium or other
exotic materials such as zinc selenide, or zinc suiphide.
Such ma terials are required for the bandwidth trans-
missivity in the 3-5 and 8—14 micron regions (infrared).
Low Light Level Television (LLLTV) also poses special
problems as the LLLTV camera tubes are highly deli-
cate and unless mounted with extreme care are sub-
ject to damage from physical shock.

Aboard the ship, the system should be placed as
far as possible from gun mounts, steam cat apult s, or
quick acting doors or ramps which may be a source of
shock or vibration. This criterion is not trivial for if
the location of the system is forced into a suspect
area , then accelerometer and other instrumentation
tests are highly advisable before emplacement , lest the
system be rendered inoperative by the environment
even prior to use.
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THERMA L SHOCK
In additi on to being gener ally struct urally weaker

than ordinary materials, the elements of an electro-
optic system also pose the problem of an acute sen-
sitivity to thermal shock, or thermal diffe ren tials
across the materials.
When in the limiting case, actual destruction of the

material (such as germanium or zinc selenide) may
ensue . But even prior to that point , image degrada-
tion may take place rendering the system operation ally
useless. In some cases, as with germanium , the trans-
missivity practically ceases when the material reaches
about 90°C. This is a definite limiting factor for high-
speed aircraft or missile applications.

To illustrate the complex ity of the problem, one
manufacturer recently discovered that in orde r to
compensate for expected thermal variations, the ger-
manium len s elemen ts in the system had to be movable
over a one-half inch travel distance. The design of this
automatic thermal compensa tion and lens system cost
approx imately $100,000.

ELECTRiCAL AND ELECTRONI C NOISE
Fiber-optic transmissions of light do not cause

electromagnetic emanations. Fiber-optic cables can
also be made smaller and lighter than ord inary wire
cables. Unfortunately, the optic fibers are rusceptible
to breakage which reduces transmissiv ity. Connectors
are also a source of low transmissivity.
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While the problems of physical or thermal shock
provide no specific hazard regarding fiber-optic sys-
tem design , there are special electrical or electronic
noise pr oblems associated with fiber-optic systems.
These problems can become difficult if not dealt with
from the inception of system design .

An often used techni que to take advantage of the
increased bandwidth capacity is the multi plexing of
several “wire” channels into a single fiber-optic chan-
nel. The multi plexing elec tronics and the electro-
optic transmitter are thus operating at much higher
data rates than the previous parallel electrical channels.
This h igher speed operatio n means higher fre quency
electrical signal component s and possibly a more sig-
nificant filtering requirement for the electronics.
Higher frequency or higher data rate outputs will also
evolve without multiplexing and may also require
more filtering. Attention should be paid to the fiber-
optic connectors to assure the proper waveguide filter
action of the cable ferrule and bulkhead connector in
equipment to keep such equipment shielded (so radio
frequency interference cannot enter through the fiber-
optic “opening” in the equipment case).

SUMMARY
Other than the preceding points, the design prac-

tices necessary to provide a reliable electro-optic sys-
tem are very much the same as those given in the
other sections of this booklet.

- 
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THERMAL DESIGN
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High temperatures and temperature cycling are
causes of deterioration for most electronic parts which
leads to degraded performance or failure of electronic
equipment. Inadequate cooling is thus a major cause
of poor reliability. Parts should be chosen to with-
stand expected temperatures and must be kept within
their thermal ratings. Cooling systems should be de-
signed to cont rol the tempera tures and reduce temper-
ature cycling of parts under all intended thermal en-
vironments. The Relia bility Design Handbook for
Thermal Appli cations 3 ~ is an excellent guide for
thermal design.
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GENERA L

1. Select the simplest and most efficient cooling
method that will remove 80% of the total
heat generated. (3.8.l)*

2. The choice of cooling means for an equi p-
ment depends on the total heat load to be
dissipated , operating environmen t , part tem-
perature sensitivity, equ ipment reliability
requiremen t , size , weight , power , and others.
(3.8)

3. Limit heat dissipation by choosing efficient
parts (semiconductor devices instead of elec-
tro n tubes , for example) and circuits (class B
or C operation instead of class A).

4. Use parts which have a greater thermal operat-
ing range than worst- case conditions, and
minimum temperature sensitivity.

5. Keep the thermal environment as nearly con-
stan t as practicab le to reduce the thermal
stresses caused by temperature cycling and
thermal shock.

6. Always assume the equi pment will be
mounted adjacent to other equi pments which
are hotter than the ambien’t air temperature .

- 
- *Num~~rs in parentheses indicate applicable paragraph s in

MIL-E-16400G (NAVY). ’
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NATURA L COOLING

7. Use simple cooling techniques based on con-
duction , radiation , and free convection to
the maximum extent possible. Use-the am-
bient as the thermal sink rather than requi re

- external cooling provisions . (3.8)
8. Ensure that heat flow paths are as short as

possible, have large cross-sectional areas , and
are made of material having high thermal
conductivity. (3.8.2)

9. Consider heat pipes for applications requiring
high thermal conductance. Proper ly applied ,
a heat pipe can be hundreds of times as effi-
cient in transferring heat as a solid copper
conductor.

10. Be certain that inclination of the heat pipe
will not degrade its performance beyond
acceptable levels.

11. Use a metal case or chassis for conducting
heat. (3.8.2)

12. Make sure all jo ints conduct heat well and
are close fitting to provide a maximum metal -
to-metal contact. Where necessary, a thin
layer of silicon grease is recommended for
improvin g thermal conductivity.

13. Mount part s which dissipate more than one
watt on metal chassis or provide them with
heat paths leading to a heat sink. (3.4.8.37)

14. Orient and mount parts to achieve maximum
convection.
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15. Place temperature-sensitive components below
heat sources, or isolate them. (3.8.2)

16. Position parts in the equipment wit h due re-
gard to the heat radiated by surrounding
parts so that the temperatures of individual
parts and circuits do not exceed max imum
operating temperatures. Avoid hot spots.

17. Provide polished and unpainted heat shields
for heat-sensitive components located close
to a heat source.

18. Make sure that heat sources have high emis-
sivity and , if embedded , are provided with
metal heat conductors to some means of
cooling.

19. Glass-epoxy circuit boards are poor heat
sinks. Do not rely entirely on natural
cooling.

20. Consider metal- core printed wiring boards
for applications involving more heat than can
be dissipated by glass-epoxy printed wiring
boards.

21. Use physical isolation and thermal insulation
where appropriate. (3.8.2)

FORCED AIR COOL ING

22. Provide adequate ventilation. If necessary.
add blowers -to keep parts within safe operat-
ing temperatures. Ventilation openings must
meet appropriate dri pproofing requirements ,
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electromagnetic interference specifications,
and the ducting requirement for hazardous
atmospheres. (3.8) (3.8.1.3)

23. Base the design of forced-air cooling systems
on the amount of heat to be dissipated, the
quantity of air to be delivered at the pressure
drop of the enclosed equ ipmen t, the volume
of the equipment, the attainment of safe
operating temperature at the heat sources,
and the minimization of cooling power; i.e.,
the energy requirement for moving the air
through the cooling system. (3.4.8.3) (3.8)

24. Design so the blower motor is cooled.
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25. Filter external air used to cool internal com-
ponents. Large amounts of contaminants
can othe rwise be deposi ted on sensitive cir-
cuitry causing performance degradation or
corrosion (which is accelerated by high hu-
midity). Contaminants can also restrict air
flow and thermally insulate the hot compo-
nents in need of cooling air. (See Maintain-
ability No. 6.)

26. Design so that forced convection is in a
direction to aid the natural convection.

27. Cool hot parts by parallel air flow paths.
28. Avoid reuse of cooling air . If secondhand

air or series-flow air must be used , the se-
quence of air passage over cooled parts must
be carefully planned. Cool temperature-
sensitive parts or parts with low maximum
permissible operatin g temperatures first .
Insure that the coolant has sufficient thermal
capacity to maintain required temperature
for all parts. (3.8.2)

29. Design forced air systems to create a positive
pressure within the enclosure.

30. Provide an integral cooling system to pre-
clude damage in equipment containing heat
critical parts which might otherwise be dam-
aged by excessive heat when a chassis is
withdrawn for maintenance. (3.8.1.5)

31. The inle t and outlet air temperature differ-
ential should not exceed 14°C. (3.8.1.1)

32. Insure that intakes and exhausts are far apart.
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33. Do not locate ventilation or air exhaust open-
ings on enclosure top or front pane l without
specific ‘approval. (3.8)

34. Minimize air- flow noise and vibrations includ-
ing blowers interacting with equipment cases.
(3.4.8.3)

35. Use fans, blowers, and pumps driven by
brushless ac motors if possible, or properly
shielded dc motors. (3.8)

36. Be certain tha t retractable writing surfaces
and drawers do not block the flow of cooling
air.

37. Include in air-flow calculations, area reduction
caused by wiring in the air ducts .

LIQUID COOLING -

38. Liquid or vaporization cooling may be per-
mitted for equipment designed to operate in
a high ambient temperature or with high heat
densities where natural or forced air cooling
methods are unsuitable. (3.8)

39. If liquid cooling must be used, water is the
preferred liquid coolant. (3.8.1.2)

40. Design so that the coolant can expand freely
and the enclosure can withstand the maximum
vapor pressure of the coolant.

41. Be sure tha t the piping is adequate and equip-
ment is hermetica lly sealed. Prevent air locks.

42. Provide adequate drains and filter plugs.
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43. Design equipment so drains are at low point s
and bleeder valves are at high points of the
system.

44. Use a check valve at each disconnection.
45. Insure that the coolant does not boil below

maximum temperature and , if necessary,
provide a temperature control device. Insu re
that coolant does not freeze above minimum
temperature. Either condition may cause
bursting.

46. Avoid condensation of moisture in equipment.
47. In designing the cooling assembly, consider

the aspects of maintenance and repair. Select
exchangers, coolant, and piping as a system.
Coolant must be non-corrosive to exchangers
and piping.
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VAPORIZATI ON COOLING (Liquid Cooling
Factors Apply Here A lso. )

48. Be sure that sufficient coolant is provided.
49. If required , install a make-up reservoir.
50. Provide pressure control and pressure relief

valves.
5 1. Conduct environmental tests on refrigeration

systems. -

ELECTRON TUBES AND SHIELDS

52. Space unshielded tubes at least 1-1/2 diam-
eters apart.

53. Avoid overheating tube anodes.
54. Use tube shields on all miniature and sub-

miniature tubes. The shields should fit tight-
ly, be nonmagnetic , and use non-preci ous
metals. (3.4.8.28) (3.4.8.28.1)

55. To reduce thermal radiation from tubes to
heat-sensitive components , choose shields
that are highly emissive (blackened) internal-
ly, polished externally, and thermally conduc-
tive to the chassis.

56. Avoid mounting heat-conducting shields on
a plastic chassis.

SEM ICONDUCTORS

57. Remember that semiconductor devices are
usually very heat sensitive. Thus, their ther-
mal designs are critical.
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58. Allow for the complementary heating of
densely packed microcircuits.

59. Provide power transistors and power recti-
fiers with connections of low the rmal resist-
ance to well-cooled , heat-conducting chassis,
or large, vertical fins. Be certain that electri-
cal insulation does not produce unsound
thermal designs.

60. Ceramic integrated circuits have bet-ter ther-
mal characteristics than plastic IC’s.

61. Hybrid microcircuits must have a thermal
analysis performed prior to fabrication.

THERMAL TESTING
62. Provide temperature , pressure , or flow-rate

indicator s for monitoring the per formance of
the forced-air or liquid cooling system. Lo-
cate the sensing elements at appropriate loca-
tions to detect abnormal conditions and
operate automatic alarms and protectiv e
devices. (3.8 .4) (3.8.4.1)

63. Protect against equipment damage in case of
cooling failure by means of automati c shut
down, except for power to cooling fans or
pumps. Provide a manual override swit ch
(battle short). (3.8.4.2)

64. Test the thermal design at maximum speci-
fied ambient temperature with the equipment
fully assembled and operating in its hottest
mode; Measure all critical temperatures. In-
d ude thermally sensitive parts, componen ts
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expected to be hot, and those dissipating 1%
or more of the equipment power. Never
assume that a design will be satisfactory over
the range of temperatures required of mili-
tary equipment on the basis of tests per-
formed at room temperature s on a develop-
ment bench. (3.8.5)

65. Use thermocouples, thermistors , in fra-red
photography , or temperature-sensitivity mate-
rials to investigate thermally critical applica-
tions. Do not permit test devices to affect
the accuracy of their own measurements by
heat sinking, blocking normal air flow, or
leaving open an access which would normally
be closed. (3.8.5 .2)

66. Verify air flow in equi pment by measurin g
and mapping with smoke.
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MATERIALS , PROCES SES ,
AND PARTS

n,1

\
\
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The designer must bear in mind the evergrowing
life cycle costs of equipment. Unnecessary compli-
cations in design lead to higher cost and less reliabil-
ity. The simplest design is not always mandatory, of
course, but uncluttered thinking is vital . The design-
er must be conscious of and willing to use pre ferred
reliable parts and circuits where possible (although
he should not be restricted to them) in his initial
breadboards. He should not be forced to use pre-
ferred reliable parts where other parts will give bet-
ter performance for the particular circuit that he
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needs. However, the part that the normal research
and development man uses is often the part closest
to him and therefore the supply of parts that he has
readil y availab le should be preferred reliable parts.
This is considered most important from the stand-
point of economy and eventual reliability because
there is always a natural great reluctance to change a
circuit once it has been designed. Quite often the
use of inferior parts may be so extensive that the
change to preferred standard parts will re quire expen-
sive redesign. Once a “breadb oard” is accepted , its
weaknesses are magnifie d in subsequent evaluations,
tests , production engineering , manufacture , installa-
tion, maintenance , support , and logistics problems.

USE OF STANDA RD PARTS

It is sometimes a tedious procedure to locate suit-
able standard parts . However , the time spent finding
standard parts is usually more than compensated for
by the time and money saved in procuring and docu-
menting the part. ~n equipment which must eventual-
ly be logistically supported , a further savings in time
and effort will be realized in the preparation of pro-
visioning documentation , and overall savings to the
Navy will be realized in the logistic support costs for
each equipment. Even those standard parts which
are apparently more expensive than other parts will
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prove to be cheaper when the long term costs are
considered.

A few of the advantage s of standard parts are
listed below:

• Simplified procurement documentation (no
need for sole source documentation , acceptable
source documents , etc.).

• No need for the approval required for non-
standard parts. (3.4.3)

• No need for source control drawings and
specifications.

• No need for multiple source solicitations.
• Availability of specification data including tol-

erances and performance over the environment-
al range, derating parameters , etc.

• Availability of reliability data.
Other advantages are accrued by standard parts for
which a logistic system is alread y established.

PROCEDURE FOR FINDING STANDARD PARTS
(3.4.1)

a. Go to the Military Standard for Electronic
Equipment Parts, Selected Standards (MIL-
S7’D -242).~~ This document cites reference
documents and (usually) a list of pre ferred parts .
values, etc. The referenced documents include
military drawings, specifications , and other “se-
lection and use” standards. If a specific part
suitable for the design requirements is not
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listed , go to the reference document(s) for addi-
tional information.

b. “Selection and Use” standards constitute more
detailed preferred parts lists than MIL- STD-
242~~ and likewise list specific par ts and ref-
erence documents. “Selection and Use” stand-
ards exist for the following parts:

capacitors MIL-STD-198
resistors MIL-STD-199
electron tubes MIL-STD-200
crystals and crystal

holders MIL-STD-683
dry batteries MIL-STD-688
semiconductors MIL-STD-701
synchros MIL-STD-710
switches MIL-STD-l 132
terminals, terminal

boards, etc. MIL-STD- 1277
meters, electrical MIL-STD- 1279
transformers , coils, and

inductors MIL-ST D-l 286
waveguide coupling

assemblies MIL-STD-l 327
directional couplers MIL-STD-l 328
switches, rf coaxial MIL-STD- l 329
relay s MIL-STD- 1346
knobs MIL-STD- l 348
attenuators MIL-STD- l 352
connectors MIL-STD-1 353
waveguide, rigid MIL-STD-1358
fuses and fuse holders MIL-STD- 1360
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lamps and lampholders MIL-STD-1368
filters and networks,

electrical MIL-STD- 1 395
resolvers MIL-STD-145 1
microcircuits MIL- STD- 1 562

c. If the design re quirement still isn’t satisfied , go
to the individual military specifications.

d. From the specification or standard , obtain the
military part numbers for the desired parts. The
part numbers can be quickly referenced through
the federal supply system. Also helpful are the
Qualified Products Lists (QPLs) associated with
many component specifications ; ihey can lead
the designer to manufacturers and are useful in
reducing procurement lead time. -

NONSTANDARD PA RTS

If a suitable standard part is not available , the use
of parts alread y in the national stock system is still
desirable. QPLs associated with the specification
closest to the requirement can be helpful in locating
manufacturers ’ part numbers which are in the stock
system. Whenever a nonstandar d part is used, it is
worth checking to find out if it is already available
through the supply system.

- - Help in finding such parts and thus avoiding the
procedure for obtaining approval of nonstandard
parts (MIL- STD- 749) can be found in MIL-STD-163 ~~
Included is a list of part types and telephone numbers
for obtaining fast , informal information. A formal ,
written procedure is also available.
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MATER IA LS

1. Do not use the following materials without
specific approval : (3.4.10 — unless otherwise
noted)
a. Asbesto s (3.4.9.6)*
b. Cast iron (3.4.9.6)
c. Cellulose, acetate
d. Cellulose, nitrate
e. Cellulose, regenerat e
f. Cork
g. Ebonite (har d vulcanized rubbe :) (3.4.9.6)
h. Felts, hair or wool
i. Fiber asbestos electrical insulation
j. Glass (3.4.9.9)
k. Graphite base lubricants (3.4.9.12)
1. Jute
m. Leather
n. Linen
o. Magnesium or magnesium alloy
p. Mercury (3.4.10.1)
q. Organic fiberb oard
r. Paper and cardboard
s. Plastic (using cotton linen or wood flour

as a filler)
t. Porcelain (3.4.9.6)
u. Radioactive materials (3.4.10.1)

*Numbe~ in parentheses indicate applicable pa ragraphs in
MIL-E-16400G (NA VY).1
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v. Silicone lubricant compound s
(3.4.9.12)

w.Wood - -

x. Zinc casting (3.4.11.1)
2. Do not use toxic or hydroscopic materials or

materials which will support combustion or
fungus. (3.3.5 .6) (3.4.9.5) (3.4.9.7)

3. Avoid materials which swell, decompose, or
otherwise change properties in the presence
of high humidity. If in doubt, test the
material.

4. Do not use acid or corrosive soldering fluxes
or pastes. Rosin is the only noncorrosive
flux. (3.5.7.3.1)

S. Do not use dissimilar metals in contact , es-
pecially where corrosion can be expected.
(3.4.9. 13.2)

6. Where dissimilar metals must be assembled
intimately, interpose a material compatible
with each metal. (3.4.9.13.2.1)

7. Use corrosion-resisting metals and alloys, or
give them a corrosion-resisting treatment or
coating. (3.4.9.13)

8. Minimize the use of iron , steel or othe r mag-
netic materials except where required for
electromagnetic or strength reasons.
Corrosion-resisting alloys are preferred to
plated or painted ferrous alloys. (3.4.9.13.3)
(3.7.6.1)

9. The use of conformal coatings to seal inte-
grated circuits is encouraged, since leads are
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generally Kovar and rust rapidly. Considera-
tion must be given to use of coatings which
will facilitate repair if this is part of the
maintenance philosophy.

10. Rigid epoxy encapsul ation can cause damag-
ing stresses on delicate parts such as glass
diodes. It is prohibited to use hard epoxie s
to hold replaceable parts. (3.6.6)

11. Be cautious about potting components likely
to become hot. Some flexib le epoxies tend
to soften mechanically and have high-
frequency electrical losses at high tempera-
tures. Some potting materials are not flame
resistant, or they crack or otherwise degrade
at high temperatures.

12. Insure that the coefficient of thermal expan-
sion, oven heat or heat from an exothermal
(self-heating) curing reaction, and chemical
properties of the potting compound are
compatible with the protected part.
(3.4.9.3)

PROC ESSES

13. Equipment can be built without production
planning. However, it is more economical if
production aspects are considered as a part
of the design phase.

14. Do not anodize the contact surfaces of alu-
minum gear teeth. (3.4.11.2)
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15. Do not use cadmium plating inside any equip-
ment or on the following parts when con-
tained in an enclosure : (3.4.11.2)

• Parts in grease or oil chambers

• Lock washers

• Threaded parts

16. Ultrasonic cleaning may damage certain parts,
particularly transistors , and should generally
be avoided. (3.4.11.4) (3.5.7.3.1)

17. Do not use multilayer printed wiring boards
unless two-sided printed wiring boards can-
not handle the circuit complexity or density.

18. Plated-through holes are preferred to eyelets.
(3.4.8.37)

19. The use of solder is preferred for mounting
of integrated circuits to boards. In general,
sockets should not be used because of their
unreliability (corrosion, or loosening in
shock or vibration). The use of welding is
not recommended since repairs often damage
circuit board conductors and create quality
control problems.

20. The use of wire-wrap in accordance with
MIL-STD-l 130

36 
provides acceptable back-

plane wiring but requires approval (require-
ment 69 of MIL-STD454). 3 7  Solder termi-
nations with sufficient quality control
generally result in acceptable wiring. Any
other termination should be subjected to
critical screening throug h environmental
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evaluat ion, as well as maintenance tests prior
to selection and usage. Consider any required
training of production , assembly, and inspec-
tion personnel depending on the type of wir-
ing selected. (3.4.1 1.4)

21. Give consideration to the methods of prepa-
ration for delivery (packaging and packing)
as specified in MIL-E-17555.38

PARTS 
-

22. Do not use the following parts unless required
by specificat ion:
a. Batteries (3.4.8.1)
b. Banana Plugs(3.4.8.10.8)
c. Sleeve-type bearings (3.4.8.2.1)
d. Convenience power receptacles (3.6.5)

23. Avoid parts available from only one source.
24. Functionally eqtuvalent integrated circuits

from different manufacturers are not always
directly interchangeable (will not necessarily
give identical performance). Identical pin
assignments and specifications can be decep-
tive. Test any second-source parts in the cir-
cuit rather than assume interchangeability .
(3.4.7)

25. Where feasible, select semiconductor devices
in the following order of precedence :
• Large Scale Integration (LSI)
• Hybrid Integrated Circuits
• Discrete Integrated Circuits
• Discrete Semiconductors
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26. CMOS (Complementary-Symmetry Metal-
Oxide Semiconductor) circuits currently pro-
vide the best (lowest) power-to-performance
ratio of all semiconductor technologies.

27. Electrolytic capacitors are restricted to power
filter applications and only where other mili-
tary conditions are met . (3.4.8.7.1)

28. Refer to MIL-E-16400’ for selection criteria
for any type of capacitor. (3.4.8.7)

29. Provide 10% spare terminals (at least two) on
terminal boards and strips. (3.4.8.31.1)

30. Provide a minimum of 2 unused contacts on
the periphery of external connectors with a
total of up to 25 contacts; 4 spares for up to
100; 6 spares for totals over 100 contacts. —

(3.4.8.10.5)
31. Do not use relays for switching currents in

excess of 10 amperes. (3.4.8.23)
32. Relays should be of the sealed type.
33. Use hermetically sealed parts in preference

to equivalent non-hermetically sealed parts.
34. Secure glass windows to panels with clips,

snap rings, or other positive means. Do not
use cement alone. (3.7.8.12)

35. Secure all electron tubes, large fu ses, and
other plug-in items by easily released, positive
holding clamps. Large electron tubes require
support for the envelope. A clamp at the
base is seldom successful. (3.4.8.28)

I
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FASTENERS
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36. Use hand-operated fasteners if possible.
37. Use captive fasteners where there is danger

of parts being dropped into assemblies.
(3.4.8.13)

38. Use quick opening captive fasteners for
equipment which must be serviced frequently;
however , do not use 1/4-turn fasteners for
structural applications. (3.4.8.13)

39. Use a minimum number of large screws where
quick opening fasteners do not meet stress,
pressurization, shielding, or safety require-
ments. Limit to 4 screws if practicable .

40. Minimize the number of turns requ ired for
mounting bolts, consistent with mounting
requirements.

41. Insure that covers or shields, through which
mounting screws must pass for attachment
to the chassis, have large enough holes for
passage of the screw without perfect
alignment.

42. Screws, nuts, bolts, and studs should be of
corrosion-resistant metal or protected with
a suitable finish. (3.4.8.13)

43. Avoid threading aluminum alloy into alumi-
num alloy or magnesium parts. (3.4.8.13)

44. Use positive locking devices rather than taper
pins or set screws for securing gear trains and
cams. (3.7.7.2)

45. Do not use rivets for mounting parts which
may be subject to replacement, or for main-
taining electrical continuity. (3 .6 .6)
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46. Do not ordinarily use self-tapping screws.
If used, approval must be obtained from the
agency concerned. (3.4.8.13)

47. Insure that all screws in a set have one type
of head. Cross recessed head screws are pre-
ferred to straight slot.

48. Avoid the need to specify the torque require-
ment for screws and bolts by using fasteners
that will satisfy the application requirements
over the range of torques likely to be applied.

49. Standardize fasteners with minimum num-
bers, types, sizes, torques, and tools required.

50. Use different size screws, when d iffe rent
threads are required, to prevent stripping if
started in wrong boles. Do not mix metric
and non-metric fasteners in an equipment.

5 1. Preferred thread sizes are: (3.4.8.13)

.112-40 UNC .375-24 UNF

.138-32 UNC .437-2O UNF

.164-32 UNC .500-20 UNF

.190-32 UNF .562-18 UNF

.250-28 UNF .625- 18 UNF

.312-24 UNF

52. Use combination-head mounting bolts with
screwdriver slot and hexagonal head for high-
torque use (to reduce the need to drill out
bolts with damaged slots).

53. Base the minimum diameter of deck and
bulkhead attachment bolts on the minimum
load for grade 2 carbon and alloy steel.
(3.7.3.6)
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54. Secure control knobs to shafts with two set
screws. Plastic knobs require metal inserts
for set screws. “(3.7.8.1)

55. Hexagonal nuts are preferred to other styles.
(3.4.8.13)
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An equipment should be capable of operating in
the vicinity of other equipment without causing or
responding to undesirable electromagnetic energy.
An equipment design should consider electromagnetic
interference (EMI) coming from external sources,
generated within its own enclosure, or degrad ing the j
performance of other equipments.
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Electromagnetic compatibility (EMC) involves
minimizing the generation of EMI, making the equip-
ment less susceptible to EMI , and reducing the amount
of EMI that enters or leaves the equipment. EM! may
be minimized by the judicious selection of compo-
nents and the use of good engineerin g pra ctice . Fail-
ure to give timely consideration to EMI control usual-
ly results in an unsatisfactory equ ipment. Later
attempts can seldom resolv e EMC problems without
a major redesign . MIL-HDBK-23839 describes numer-
ous electromagnetic radiation hazards and ways to
handle them. Use MIL-HDBK-2414° when designing
with power supplies or filters.

GENE RAL -

1. Design equipment so that electromagnetic
interfe rence and undesired radiation are ir~
accordance with MIL-STD-46 1,4 1  MIL-S F D-
462 ,~ 

2 M1L-STD-469 ,4 3  and NAVSHJPS
098 1-052-8 l 40.~~ (3 .5 .4) (3 .7.6.3)*

2. During early stages, make a predictive study
to determine what components may be
either a source of, or susceptible to, EM!.
(3.7.6) (3.7.6.3)

*Numbers in parentheses indicate applicable paragraph s in
MIL-E-16400G (NA VY). ’
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3. Choose components with electromagnetic
interference in mind. Other things being
equal:
a. Choose motors without commutators

over motors with commutators.
b. Choose high-vacuum rectifier tubes rather

than the mercury vapor types.
c. Avoid vibrator -type power supplies.

4. Buil t-in test circuitiy must be planned as an
integral part of EMC design; adding it la t er
may negate the original EMC desi gn.

5. De term ine the interference preventiv e con-
trol measures to use. (3.7.6)

6. Hol d EMC education sessions for everyon e
involved (design , production , and installa-
tion).

7. Perfo rm tests during production to deter-
mine that EM! standards are adhered to.
Carefully check equ ipment after any produc-
tion change or field change to ascertai n that
the change did not introduce EM!.

8. Plan the equi pment to operate satisfactorily
with other equi pment with which it may be
associated.

9. Remember that the most effective interfe r-
ence control techniques are those used during
the initial design stages of components or
systems.

10. Control interferences at the source , along
the coupling path , and at or in the equi p-
ment a ffe cted.
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BONDING

11. Furnish the equipment case with provisions
for securing bond straps to the rack. Bond
each chassis within the case to the case.
(3.5.6)

12. Bond to the chassis any close fitting metallic
components, such as flange fittin gs, shield
can covers, inspection plates , and joints ,
which are locate d within the field of high
power radiating devices. (3.5.6.1)

13. Ensure that contact areas are clean and free
of protective coatings before bonding. Bond
mating surfaces together so as to provide a
low-impedance electrical path for radio-
frequency current and to reduce noise gener-
ation. (3.4.9.13.7) (3.4.11.2) (3.5.6.1)

14. Permanent direct bonds may be achieved by
welding, b razing, swaging, solderin g or bolt-
ing. (3.5.6.1)

15. Make semipermanent direct bonds by mating
machined surfaces by bolts and tooth-type
lockwashers or clamps. Lockwashers and
clamps should be made of, or coated with, a
metal lower in the electromotive series than
the bonded metals.

16. Use indirect or jumper bonds only when it is
not possible to bond directly; fo r example,
when clearance is to be maintained between
bonded members or when equ ipment is
shock-mounted.
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1 7. Keep the bonding st r ap as shor t as possible
compare d to the wavelehgth , maintaining a
length- to-width ratio of 5 to I , or less.

18. Use wide , thin , solid metallic stri ps, rather
than hraid , for bond jumpers. (This does no t
apply to high-current nonradio-frequency
jumpers.)

GROUNDING

19. Be conscious of the possibility of ambi guous
or multi ple ground poin ts in equ ipment.

20. Remember that proper grounding is not en-
tirely a matter of good bonding.

21. It may be impossible to hav e two points at
the same potential over an appreciable ran ge
of frequencies unless the points are close
together.

22. Avoid a common grou nd for both signal and
power circuits.

23. Use a separate , low-impedance ground return
for signal circuits , avoidin g chassis or structure
for this return.

24. Avoid the use of long comrfion-ground lines
in signal circuits which operate at widely dif-
ferent levels.

25. In sensitive low-level circuits , provide a sep-
arate , isolated , shielded ground for each
ci rcuit , if needed to eliminate possible inter-
ference through ground loops.
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26. Ground all cable shields at both ends, and for
very long cables, also at intermediate points ,
unless doing so creates undesirable ground
loops.

SHIELDING

27. Isolate or shield EMI sensitiv e components
(or wires) from components (or wires) likely
to cause EM!. When such wires must cross,
have them do so at right angles.

28. Choose metal shields that support them-
selves mechanically. Such shields are thick
enough to afford adequate shielding, except
at very low frequencies.

29. Keep j oints in shields to an absolute minimum.
30. Keep the number of mechanical discontinui-

ties to an absolute minimum. Those required
must be electricall y continuous across the
interface.

31. Use multi ple-point , spring-loaded contacts in
preference to other methods, to obtain elec-
trical continuity.

32. For most shielding purposes (except for igni-
tion systems and radar modulators), use holes
no large r than 1/8 inch diameter for drainage
of moisture. Such holes do not cause signi fi-
cant EM!.

33. Wh en possible, shield holes by converting
them to waveguides which have cutoff fre-
quenc ies above the undesired signals. For
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example , a 3/4-inch sleeve, 3 inches long will
provide 100 dB of attenuation for frequen..
cies below 1000 MHz .

34. Use conductive gaskets if a good seal cannot
be made without warping or buckling the
mating parts .

35. Use wire mesh sleeving over a neoprene core , -
~~~~

aluminum tubing filled with a neoprene core,
or wire mesh for the most effective EM!
gaskets.
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36. To shield openings (ventilation louvers, for
example) cover with fine copper wire mesh
or other suitable conducting material .

37. If the mesh is not to be removed periodically,
solder or weld it in a continuous line around
the opening.

38. Do not spot-weld wire mesh over shielded
openings.

39. If the mesh is to be removed for access or
maintenance, attach it with enough screws or
bolts to maintain continuous line contact
around the circumference of the hole.
Screws should be spaced no more than one
inch apart.

40. Be sure pressure applied by means of screws
or bolts is evenly distributed.

41. Ensure that a good bond exists in the cross-
over points of wire mesh shield .

42. Use tightly woven, braided flexible condu it
to increase EM! reduction qualities.

43. Do not use interlocked metal hose with in-
sulated cord packing for shielded conduit.

44. Terminate conduit at both ends with suitable
fittings. Cable clamps must be soldered to
the shield and bonded to the structure with
tooth-type lockwashers.

45. Maintain continuous line contact between
mating members of condu it.

46. The use of hybrid circuitry can reduce EM!
by incorpor ating many integrated circuits
within a shielded (Kovar) package.
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47. Select power and audio input transformers
that have grounded electrostatic shields.
(3.4.8.32.2)

48. Enclose relays and their associated circuits
with a metallic shield to minimize transients.

49. If necessary, completely shield and filter
switches used to interrupt large currents.

FILTERS (3.4.8.15) (3.4.8.16)

50. Shield all filters and isolate the input leads
from the output leads.

51. Mount the filter as close as possible to the
filtered equipment and use short , shielded
leads as the coupling medium.

52. Run filter leads close to the grou nd plane .
Never loop leads.

53. Do not change the load impedance as seen
by the signal source by insertion of a filter.

54. Use a simple capacitor filter in preference to
more complicated network filters if it pro-
vides the required degree of EM! attenuation.

55. Install capacitors at the brushes of motors
and generators.

56. Place RC networks across switch or relay
contacts.

57 . Place semiconductor rectifiers or varistors
across relay coils.
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MODULATORS AND TRA NSM ITT ERS

58. Shield thyratrons in radar modulators .
59. Properly bond and shield all power lines

within radar modulators.
60. When possible, place all radar modulator

pulse cables a minimum of 18 inches away
from all other cables.

61. Shield primary leads from transformer to
point at which they leave modulator- case;
ground this shielding.

62. Minimize parasitic oscillations in transmitters
by keeping the tube as small as possible. It is
possible to detune a parasitic oscillation cir-
cuit by shortenin g grid leads and lengthening
plate leads.

63. Reduce parasitic oscillations by inserting a
small resistance (1 to 25 ohms) in series with
grid or plate lead. A small choke in the plate
lead to the next tube will also help.

64. If possible, do not use rf chokes in series
with dc supply to both plate and grid. If
they must be used, select chokes such that
the resonant frequency of the grid is higher
than that of the plate. 

—

65. In TR boxes, use a limiting resistor mounted
close to the top of the keep-alive electrode
to minimize the effects of oscillations in the
radio-frequency gap.

4.5
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RECEIVERS

66. Minimize the number of leads to the receiver.
67. Do not place within the receiver enclosure

any device which is not an integral part of
the receiver (such as an antenna switching
relay).

68. Use power line filters to proyide attenuation
at a frequency beginning above power fre-
quencies and continuing to 1000 MHz.

69. Use antenna filters to reduce interference
having as its source spurious or harmonic
radiation of the fundamental frequency being
received by the antenna system.

70. Locate and orient the antenna so as to pick
up minimum EM!.

71. If possible, use a short, shielded, antenna
lead-in wire.

72. Where feasible, use more than one rf stage
so as to isolate the oscillator from the an-
tenna and increase selectivity and sensitivity.

73. Design the receiver bandwidth to be the min-
imum requ ired for reception of desired sig-
nals. (Note: If limiters are to be used, a
wider bandwidth is needed’for the action of
the limiters to be effective.)

74. Keep in mind that at least 90 per cent of all
interference enters a receiver through the
input circuits of the first rf stage .

90

.5 - ‘ . 5 -



75. Shield rf and i-f coils, gang capacitors , and
internal antenna circuits.

76. Shield the rf section from the outpu t section
within the receiver case.

77. To prevent rf energy from entering the case
from the output lead , use a simple bypass
capacitor.

78. Careftilly isolate the rf amplifie r stage from
the mixer.

79. Mak e the shielded enclosure for the local
oscillator as continuous as possible. (Note :
A double shield may be necessary.)

80. Fasten the local oscillator shield to next
larger support member at points of equipo-
tential to avoid excitation of large surfaces.

81. Filter all power lead s entering the local oscil-
lator shielded area.

82. Use a single-poin t ground system for the
oscillator .

83. Orient an oscillator coil so that its field in-
duces minimum current in the surroundin g
metal .

84. Use limiters and blank ing circuits in front of
the receiv er when interfering signals consist
of large-amplitude pulses.

85. Utilize wavetraps when the interfering signal
contains only one fre quency or a narrowband
of frequencies.

86. Use phase cancelling to counteract signals
whose character and path of entry are pre-
cisely known.

• ., - - 
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87. Employ audio filters when interfering signals
contain only a small number of fixed audio-
frequency components.

88. Shield all control cables and isolate if
feasible.

89. Design lowpass filters into receiver control
circuits.

TEMPEST

For equipment which handles classified informa-
tion , the following considerations should be helpful.
TEMPEST refers to investigations and studies of uni n-
tentional data-related or intelligence-bearing signals
which, if in tercepted and analyzed , disclose the clas-
sified information transmitted, received , handled , or
otherwise processed by any information-processing
equipment.

TEMPEST is similar to Electromagnetic Interfer-
ence (EM!) in its basic mani festations, its causes, and
corrective measures. One of the differences between
TEMPEST and EM! is that a TEMPEST signal carries
intelligence, whereas an EM! signal need not . This
difference is reflected in the respective testing phios-
ophies. EM! tests concern power and frequency ranges
which can cause equipment interference. TEMPEST
tests concern power and frequency ranges at which
intelligence can be recovered.

-
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As with EM!, TEMPEST may be minimized by the
judicious selection of components and the use of
good engineering practice. Failure to give timely con-
sideration to TEMPEST usually results in rejected
equipment and costly retrofits. -

Many of the same engineering practices used in
good EMI design are used in good TEMPEST design.
The evaluation standards for TEMPEST, however, are
different from those used for EM!. In general, EMI
test standards do not qualify as TEMPEST test stand-
ards . For TEMPEST test and evaluation , NACSEM
51 OO~ ~ and NACSEM 51 03~ 

6 replace the EM! stand-
ard , MIL-STD-461.

TEMPEST is a specialized engineerin g discipline.
All commands and activities within the Naval Material
Command should send requests fo r guidance, technical
assistance, and publications directly to the Command-
ing Officer, Naval Electronics Systems Security Engi-
neering Center (NESSEC), 3801 Nebraska Ave. N.W.,
Washington D.C. 20390. Industrial organizations
performing contracts for commands and activities
within the Naval Material Command should proceed
through the contracting officer and the sponsoring
activity for similar assistance from NESSEC. Other
Naval commands and activities sho~ild contact NESSEC
as a first step in establishing coordination. Non-Navy
agencies may contact NESSEC for similar assistance
in coordination.
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COMSEC

Communications Security (COMSEC ) is the protec-
tion resulting from all measures designed to deny un-
authorized persons information of value which might
be derived from the possession and stud y of telecom-
munications. COMSEC is accomplished by several
means, one of which includes the provision of tech-
nicall y sound cryptosystems and their prope r use.

The design of technically sound cryptosystems is a
specialized engineering discipline with rigid technical
requirements and is performed only by au thorized
agencies. The various commercial data protection
systems available from numerous industrial firms do
not meet the COMSEC standards for Federal telecom-
munications. No engineer should attempt the design
of cryptosystems withou t specific authorization from
cognizant authori ty and the attendant technical

.5 
assistance.

The proper use of technically sound cryptosystems
in telecommunication systems generally requires
technical assistance , including guidance with respect
to doctrine and policy. Improper usage of crypto-
systems in tele communication systems can lead to
inefficient system operation , gross malfunction s at
the system level, or worse, compromise of the COM-
SEC function.

All Navy commands and activities should direct
inquiries re garding COM SEC policy and d octrine to
the Commander , Naval Security Group Comman&~.
Commands and activities within the Naval Material
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Command may direct inquiries regarding technical
guidance to the Commanding Officer , Naval Electron-
ics Systems Security Engineering Cente r (NESSEC),
380 1 Nebraska Ave . N.W ., Washington D.C . 20390.
Industrial organizations performing contracts for
commands and activities within the Naval Material
Command should proceed through the contract-
ing officer and the sponsoring activity regarding
similar assistance from NESSEC.
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SAFE TY

o )

~~~~~~~~~~~~~~ 

1/

~~~~~~~~~~~
-‘

~~ ~~ /

The two main aspects of safety are the prevention
of injury to personnel and damage to equ ipment. The
equipment contractor may be required to develop and
maintain an effective system safety program. (3.10)
The primary safety reference is requirement 1 of MIL-

5 37 The designer should be willing to expose
himself to the worst-case personnel hazards his equip-
ment is capable of presenting to Navy personnel.
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GE NERAL

1. Design for safety in the following order of
precedence : (3. l0.5)*

• Design for minimum hazard (e.g., fail- safe,
redu ndancy).

• Use of safety devices.

• Use of warning devices.

• Use of safety procedures and precaution-
ary notations.

2. Provide adequate, fail-safe features for pre-
venting injury to personnel and damage to
equipment. (3.10.4) (3.10.11.1)

3. It should be obvious how safety features
operate.

4. Safety features should be difficult to bypass
or deactivate except for specific maintenance
bypass circuits.

5. Use conspicuous cautions and warnings with
large, contrasting print. (3.10.4)

ELECT R ICA L HAZARDS

6. Provide a readily accessible means of remov-
ing all power to the equipment . This and
other power switches should be located to
prevent accidental operation of the equip-
ment. (3.10.11.1)

• ~~~~~~~~~ in parentheses indicate applicab le paragraphs in
• MIL-E-16400G (NAVY).~
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7. Use current limiting resistors where appro-
priate for safety in high voltage circuits.

8. Ground all external metal parts, control
shafts, and bushings. Antenna or transmis-

• sion line terminals should be at ground poten-
tial except with regard to the energy to be
radiated. (3.10.11.1)

9. Safeguard operating personnel from coming
into contact with voltages in excess of 30
volts dc or rms. Do not locate adjustment
screws or other commonly worked-on parts
near unprotected high voltages. (3.10.11.1)

10. For potentials above 30 volts, provide dis-

• charging devices that actuate automatically
when equipment is opened, unless capacitors
discharge to 30 volts in two seconds or less.
(3.10.11.1)

11. Resistive bleeder networks should consist of
at least two equal resistors in parallel.
(3.10.11.1)

12. Provide guards (marked with highest voltage),
interlocks with bypass, automatic discharge
devices, and grounding rods for potentials
between 70 and 500 volts dc or rms on con-
tacts, terminals, and other similar devic~es.
(3.10.11.1)

13. Interlock bypass devices should have a clearly

• visible warning indicator (illuminated jewel
or globe). Bypass devices should reset auto-
matically when the access is closed.
(3.1011.1)(3.10.11.3)
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14. Completely enclose assemblies with poten-
tials exceeding 500 volts dc or nns. Clearly
mark enclosures: “DANGER HIGH VOLT-
AGE (maximum voltage) VOLTS”. Use
white or aluminum color on red background.

L Provide interlocks without bypass, automatic
discharging devices, and grounding rods, as
applicable. (3.10.11.1)

15. When practicable , the leakage current of the
equipment should not exceed 5 mA to
ground. Where more leakage is u navoidable,
a warning plate must be attached to the front
panel reading: “DANGER — do not energize
this equipment unless frame and all exposed
metal part s are grounded.” (3.5.5)
(3.10.11.6)

16. Provide meters or voltage dividers with test
points for measurement of voltage in excess
of 300 volts peak. Voltage dividers should
have at least two equal resistors in parallel
between the test point and ground.
(3.10.11.1)

17. Do not connect meters in portions of circuits
which will cause high voltage potentials be-
tween meter and front pane} if meter should
fail. (3.10.11.1)

18. Use panel meters having nonmetallic zero
adjusters. (3.4.8.19.1)

19. For maximum safety, mount meters in high
voltage circuits behind a window of glass or
thick plastic
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20. Provide screwdriver guides to adjustment
points which must be operated near high
voltages or thermally hot compo nents, or are
difficult to locate . Screwdriver handles
should also be clear of obstructions and
hazards.

21. Specify special tools or adequate insulation
for tools used near high voltages.

22. Ventilation holes should be small enough to
prevent inadvertent insertion of test pr obes
or fingers.

23. Exposed pins on plugs and receptacles should
not be energized (hot). Only socket type
contacts should be energized after unmating.
(3.4.8.10.2) (3.4.8.10.3) (3.10.11.1)

24. Include a safety ground in all cable assemblies
that plug into convenience outlets. Connect
the grounding pin of a three pin conductor
to the green wire of a three conductor cable
(black/white/green). (3.10.11.2)

25. Keep microwave and X-radiation to safe
levels and warn personnel with appropriate
markings or labels. (3.10.11.1)

MECHANICA L HAZA RDS

26. Provide large rotating assemblies with a local
power safety switch (e.g., at an antenna).

27. Provide guards to protect personnel from
moving mechanical parts such as gears, fans,
and belts. (3.10.1l)(3.10.ll .1)

100



~
I
y

28. Use rounded edges (0.04 inch mm .) and
corners (0.5 inch mm .) on enclosures, doors,
and hinged covers. The length of projecting
and overhang edges should be held to a mini-
mum. (3.7.2.5) (3.10.11)(3.10.ll.1)

29. Protect personnel from cutting edges, burrs ,
and pointed objects. Protrusions should be
avoided, padded, or conspicuously marked .
(3.10.4) (3.10.l l)

30. Use recessed handles rather than the extended
type to conserve space, preclude injuries, and
minimize catching on other units, wiring, or
structures. (3.10.11)

31. Design locking mechanisms for doors and
drawers to prevent injury to the operator
when the lock is released. Accidental release
of locks should also be prevented as this
could cause injury to personnel or equipment
damage. (3.10.11.1)

32. Protect personnel from imploding cathode
ray tubes. (3.10.11. 1)

“V
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OTHER HAZARDS

33. Prevent toxic fumes, corrosive fluids which
cause chemical bums, combustible mixtures,
or explosive gases from reaching personnel,
even if parts are damaged or broken.
(3.l0.1l)(3.10.l1.1)
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34. Specify nonsparking tools for use in flam-
mable or explosive atmospheres.

35. Equipment in a hazardous atmosphere should
be properly enclosed (explosion-proof hous-
ing, hermetically sealed , embedded , or pres-
surized) and electrically b onded to ground.
(3.10.11.1) (3.10.11 .4)

36. Design so that the temperature of any ex-
posed part , including enclosure , does not
exceed 60 C at an ambient temperatu re of
35 °C. Front panels and controls should not
exceed 43°C. (3.8.3) (3.10.11.1)

37. Do not locate the rmally hot parts near com-
monly worked-on components.

38. Avoid bare metal handles on tools or con-
trols for use in extreme heat or cold.

39. Beware of claims of flame-retardan t , fire -
resistant , or self-extinguishing plastics. If
safety dictates such a requirement , test the
material in the actual application .

40. Warn personnel by marking or labeling equip-
ment using radioactive materials. Protect
personnel from dangerous exposure.
(3.1 0. 11 . 1)

41. Keep audible noise as low as possible , but at
least below safe exposure levels. (3.3.2.4)
(3.4.8.3) (3.7.5)

42. Protect personnel from intense light su ch as
from lasers and provide appropriate warning
labels.
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HUMAN ENGINE ERING

j i~

Electronic equipment is usually a man-machine sys-
tem. The failure to integrate human engineering con-
siderations into the overall system is a common design
weakness. The designer can best integrate the man-
machine in ter face considerations into equipment by
soliciting comments from operator and maintenance
personnel during the early planning and design stages.
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Operator interaction with equipment during advanced
and engineering development will aid in finding and
eliminating human engineering problems before the
service test demonstration and final production design
specifications. Electronic equipment should be de-
signed to compensate for human limitations while per-
mitting full utilization of human capabilities.

One guiding principle to remember : If equipment
can possibly be misused, someone will find the way.
Any possibility of human error should be eliminated ,
insofar as practicab le, by good initial design.

Additional information can be found in references
47 , 48, and 49.

VISUAL DI SPLAYS

1. Discuss the design with those who will have
to operate and maintain the equipment.

2. Mount visual indicators as nearly perpendicu-
lar to the operator’s line-of-sight as possible
to reduce parallax and reflection.

3. Use scalar displays for qualit~tive information
if information shows direction and/or rate of
change.

4. Use digital indicators if the application calls
only for a quantitative readout.

5. Use Go/No-Go indicators for either/or states.
6. Make changes in visual indications easy to

detect.
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7. Scalar displays should have gradu ation fine
enough for precise reading but not finer than
necessary .

8. Provide sufficient separation between gradua-
• tions and numerals on a dial to allow accu-

rate reading.
9. Design instrument pointers to re duce parallax.

They should not overlap numerals or gradua-
tions. (3.7.8.10)*

10. When multiple scales ake involved on one dial
or instrument , provide positive identification
of the scale in use .

11. Avoid the use of more than two pointers on
a single dial shaft . (3.7.8.7) (3.7.8.8)

12. When several instruments must be read at
once as in check reading, orient the instru-
ments so that the normal operating positions
of all pointers are aligned (preferably at the
9 or 12 o’clock position).

13. For multirevolution dials, orient the zero
position at 12 o’clock.

14. Utilize similar numbering and scale progre s-
sions for dial s on the same panel.

15. Use scale breakdowns of units , fives or tens.
Avoid irregular or non-linear scale bre akdowns.

16. Avoid fractions or decimals on dial scales.
17. Minimize the requirement for mental tran s-

lations of units and symbols. Instrument
readouts should be in directly usab le form.

*Numbers in parentheses indicate applicable paragraphs in
MIL-E-l 6400G (NAVY).’
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7.

18. Display only needed information. Display no
redundant information unless specifically re-
quired by the application. (3.4.8.18)

19. Provide displays that can be easily located
and identified withou t undue searching.

20. Orient numerals on fixed displays in the up-
right position. (3.4.8.18)

21. Make numerals and letters simple in design,
similar to Leroy lettering guides. Avoid extra
flourishes.

22. Make numbering systems increase from left
to right, or bottom to top. (3.4.8.18)

23. For dials which have a finite scale, provide a
definite scale break between the end of the
scale and the zero position.
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24. Do not place critical limits at either end of a
scalar display. (3.4.8.19)

25. Utilize maximum contrast betwe en the letter-
ing and its immediate background. (3.7.8.6)
(3.7.8.8)

26. Avoid shadow effects on displays.
27. Use flag or Go/No Go indicators which change

state by snap action thus allowing no chance
of an intermediate , uncertain condition.

28. - Select counter types in which the numerals
snap into place. (3.4.8.18)

29. Avoid counter designs which have too much
space between the numerals of a whole
number .

30. Select counters which read from left to right .
31. Counters should chang e slow enough to be

read (not faster than two numbers per sec-
ond). (3.4.8.18)

32. Mount counters and dial faces close to the
panel window so that numbers are not ob-
scured by bezel openings. (3.7.8.10)

33. Allow for viewing at least two numbers
through the opening of an open-window tun-
ing dial, except for digital tuning indicators.
(3.7.8.11)

34. Use a fixed dial scale with moving pointer in
preference to a fixed-pointer/moving scale
design.

35. Provide clear , brief , legible labels, readable
from the operator ’s position. Use standard 4.
abbreviations. Be consistent in placing labels •

either above or below controls and displays I
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36. Use capital letters for labels but use standard
capitalized and lower case type for extended

• copy.
37. Use optimum numeral and letter height-

L width-stroke ratios. Numeral and scale de-
signs are dependent upon the readmg dis-
tance. (3.9.5)

Maximum Minimum
Viewing Distance Character Height

20 in (51 cm) 0.09 in (0.23 cm)
36 in (91 cm) 0.17 in (0.43 cm)
72 in (183 cm) 0.34 in (0.86 cm)

144 in (366 cm) 068 in (1.72 cm)
240 in (610 cm) 1.13 in (2.87 cm)

38. Consider the relative legibility of alternat e
words on labels.

39. Use a separate indicator light for each
function.

40. Keep visual displays as simple as possible,
within the informational requirements, to
permit quick, easy, and accurate reading.

ILLUMINAT ION

41. Control ambient illumination surrounding a
cathode ray display for detection tasks at
about 0.1 millilambert.

42. Provide adequate shielding for CRT’s used in
high ambient illumination to prevent specular
reflection.
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43. Adjacent surfaces to CR1 should be finished
in dull matte.

44. Insure that any glass used is non-distorting,
glareproof, and shatterproof. (3.4.9 .9)
(3.7.8.5)

45. CRT’s should have uniform brightness over
scope face.

46. Minimize vibration of v isual displays to re.
duce eye fatigue. -

• 

-

47. Provide uniform illumination of all parts of ~
- 

-

a visual indicator. (3.7.8.2)
48. Dials and other displays should be readable

in illumination from 28 footcandles (fc)
(white) to 0.03 fc (red). (3.7.8.2)
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49. All light sources should be dimmer con- j
trolled, singly or in a group, optically or
electrically, from minimum discernible inten
sity to full brilliance. (3.7.8.2)

50. Prevent direct glare from the light source.
51. Consider luminescent markings for use in low

illumination.
52. Make a careful analysis of the entire lighting

system so as to prevent later makeshift reme-
dies. Do not assume that general ambient
illumination ~ il1 be adequate for individual
tasks. (3.7.8.2)

/
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53. Design enclosures to prevent extraneous light
escape. (3.7.2.2)

54. When dark adaptation is necessary, use red
light only (wavelengths longer than 620
millimicrons). (3.’i .8.5)

55. To reduce reflection and glare, use the mini-
mum level illumination that permits adequate
visibility on the surfaces which might be re-
flective. (3.7.8.5) -

56. Legend lights are preferred to simple indica-
tor lights except where design considerations
demand that simple indicator lights be used.
(3.4.8.18)

57. Reduce reflectio n with dull matte finishes.
Avoid glossy surfaces or highly polished
metals. Use anti-glare coating on transpar-
ent instrument covers when possible.
(3.7.8.5)

58. For aircraft cockpits or other specialized
military applications, consult recommended
lighting-level tables for both the ambient
and specialized lighting. See MIL-E-5400.4

CONTROLS

59. The ratio of control to display movement
should be appropriate for the task.

60. Make control panel markings self-
explanatory .

61. Mark controls to indicate direction of
operation.

112 

-- —- - -~~~~~~~ . -~ -V - — - - -



(L~~~~~~~~~~~~~

II~~ _ _

62. Provide a positive indication of push-button
activation (e.g., snap feel , audible click or
integral light). (3.3.2.4)

63. Pushbuttons should be concave and large
enough that the fmger or thumb will not
slip off (0.38 to 0.75 inch diameter).
(3.3.2.4)

64. Be certain push-button activation pressure
is not excessive or inconvenient (10 to 40
ounces). (3.3.2.4)

65. Position controls, which must be located by
the operator without being seen, in forward
areas rather than to the side or behind the
operator.
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66. Place oft en-used controls between elbow and
shoulder height. (3.7.8.13)

67. Space controls for easy manipulation and
prevention of accidental activation.
(3.7.8.13)

68. Protect sensitive adjustments and critical
controls from accidental disturbance (by
means of positive locking devices, mechani-
cal guards, or electrical interlocks). (3.7.8.1)

69. Plan control movement to be in the expected
direction; that is, movement of a control for-
ward, clockwise, to the right , or up should
turn on the equipment or cause the controlled
quantity to increase or move forward , dock-
wise, to the right, or up. (3.7.8.1)

70. Alignment or adjustmen t controls should be
neither so fme that a number of turns are re-
quired to obtain peak (desired) value nor so
coarse that peak position is quickly passed.

71. Design and position cranks with respect to
the speed of load which they administer; that
is, use small cranks at elbow height for fast
wrist action and light loads; use large cranks
onented for full arm motion for heavy loads.

72. Wherever adjustment can be limited to a
number of discrete settings, use controls that
snap into any one of a limited number of po-
sitions (detents). Insure that switches cannot
be left between detents. (3.4.8.30)

73. Use switches with great enough displacement
to allow easy determination of state or posi-
tion. (3.7.8.1)
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74. Let knobs operated principally by the fmgers
project 1/2 to 1 inch from the surface of a
panel.

75. Provide adjustment knobs, operated princi-
pally by the fin gers, that are 0.38 to 4.0
inches in diameter. Use knobs only for very
light torques.

76. Knobs, levers, and handles should be easy to
grasp and manipulate. Use round knobs for
controls requiring smooth , continuous move-
ment . Use bar or pointer-type knobs for
detent switching.

77. Make markings or pointers clearly visible on
rotary controls. (3.7 8.1) (3.7.8.10)

78. Make control actions smooth and positive
without being sticky or stiff. (3.7.8.1)
(3.7.8.11)

79. Arrange controls to permit smooth and rapid
manipulation. Provide adequate end stops
on controls with limited degree of motion.
(3.7.8. 1)

80. Keep number of operator controls and indi-
cators to a minimum.

81. Design joystick movement to be equally free
in all directions. Small joysticks on table or
desk-top installations should be mounted so
that the hand has a resting place for steady-
ing the control movement.

82. Provide for control identification both by
sight and touch. Controls should be clearly
distinguishable from each other by color,
size, shape, and location. (3.7.8.1) (3.7.8.6)
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83. Use consistent color-code techniques to de-
fme operating and danger ranges and to sim-
plify check-reading. (3.7.8.6)

84. Color coding of indicator lights and instru-
ments should conform to: (3.4.8.18)
(3.7.8.6)

• Flashing Red: denotes emergency condi-
tion. Requires immediate operator action.
Personnel or equipment hazard.

• Red : system or equipment inoperative.
Requires opera~or action. Emergency con-
dition exists, but has been acknowledged.

• Yellow: condition is marginal or unsatis-
factory. Calls for caution or recheck.

• Green: equipment is in tolerance ; cond i-
tion is satisfactory; all right to proceed.

• White: conditions not hav ing “right” or
“wrong” implications.

• Blue: advisory light (avoid preferential
use of blue)

85. Balance the apparent brightness of different
colored lights.

ALARMS

86. Flash rates for flashing warning lights may
• vary from 3 to 5 per second, with approxi-

mately equal amounts of ON and OFF time . - 
-

• (3.4.8.18 )
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87. Warning signals should not be obtrusive lon&
er than necessary to attract attention and
should be used for warning purposes only.
Provide a means to silence audible signals

• and cause flashing lights to remain steady.
88. When selecting warning lights, make sure

they are compatible with the ambient illu-
mination levels expected . A dim light will
not be seen in bright sunlight, and a b right

- : light may be detrimental to dark adaptation.
Utilize dimmer controls if necessary.
(3.4.8.18) (3.7.8.2) (3.7.8.4) (3.7.8.5)

89. Isolate critical warning lights from other k
lights and make them brighter for greatest
effectiveness.
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90. Audible warning signals should hav e a f re-
quency range of 250 to 2500 hertz , identi-
fiable on the basis of components under
2000 hertz. Each signal should be different
from other signals by means of intensity,
pitch, beat s or harmonics. (3.3.2.4)

91. Audible warnings should have a sound pres-
sure level of at least 20 dB above the maxi-
mum anticipated ambient noise level. Warn-
ings should not exceed maximum safe
exposure levels or cause discomfort or ring-
ing in the ears. (3.3.2.4)

92. Make vital alarms easily distinguishable from
non-vital alarms. Vital alarms should be both
audible and visual.

93. An open in a vital circuit or loss of power to
the equipment should be indicated automati-
cally by an audible and visual alarm.

94. If the main power source should fail, emer-
gency power should be supplied to alarms
and vital controls.

95. Minimize the possibility of false alarms due
to warning devices and associated circuitry.
(3.3.2.4)

96. Present information so that any failure or
malfunction in the display or display circuitr).
will become immediately apparent .

97. Be certain flag or Go/No-Go indicators will
not indicate an in-tolerance condition if
power fails.
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PANEL LAYOUT

7! ~~~~~~~~

98. Make panel layout as functionally simple as
possible. Eliminate superfluous elements.

99. Locate receptacles so that cables do not inter-
fere with controls or displays.

100. Front panels should not have trademarks,
company names, or other markings not re-
lated to the panel function. (3.9.5)

101. Front panel markings should include the
Governmen t assigned identification and serial
numbers. (3.9.4)
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102. Mount adjustment controls required for
periodic alignment or calibration behind
quick-access panels or doors. (3.7.8.1)

103. Infrequen tly used controls should be readily
accessible for servicing when the equipment is
opened for maintenance purpo ses. (3.7.8.1)

104. Label in terms of what is being indicated
rathe r than the name of the indicator (rpm
not tachometer , voltage not voltmeter).

105. Mount vertical visual displays 41 to 74 inches
(preferab ly 50 to 69 inches) above the floor
when they are to be viewed from a standing
position.

106. Mount vertical displays 6 to 48 inches (pref-
erably 14 to 37 inches) above the sitting sur-
face when they are to be used by a seated
operator. Specify the chair height along
with the console dimensions.

107. Controls should be located 34 to 74 inches
(preferably 34 to 57 inches) above the stand-
ing surface.

108. Controls for seated operators should be locat-
ed 8 to 35 inches (prefe rably 8 to 30 inches)
above the sitting surface.

109. Use a 28-inch arm reach, measured from the
operator’s shoulder , as a limiting figure for
the placement of controls which are to be
used often.

110. Activity for both hands should be evenly dis-
tributed. Give pre ference to right-hand opera
tion of the most important controls.
(3.7.8.13)
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111. Do not require the operator to perform too
many functions at the same time . Do not ex-
pect him to handle information at too fast
a rate. Remember that all operators hav e
different capabilities.

112. Design to avoid hand and arm interference
with visual tasks. Generally, control-display
organization should be such tha t visual dis-
plays occupy central areas, at proper eye
height , and controls occupy peripheral areas.
(3.7.8.13)

113. When desk positions are required , consider
height of writing surface , working width and

- 
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depth , knee and foot room, and elbow room
if more than one operator is involved.

114. When multiple man-machine combinations
are grouped together , make sure that opera-
tors’ primary control manipulations are not
restricted.

115. When group activity demands use of a central
visual display, make sure that lines-of-sight to
the display are not blocked by poor arrange-
ment of people or equipments. (3.7.8.13)

116. Group controls on the b tsis of similarity of
function or by sequence of use and , insofar

• as practical , maintain a similar orientation of
the related indicators. (3.7.8.13)

117. Emphasize functional organization of displays
and controls by using symmetry of grouping
and/or differential plan of mounting.
(3.7.8.13)

118. Provide suitable coding or labeling on both
the display and control to tell which control
affects which display. (3.7.8.13)

11-9. Locate controls near the display which they
affect when this does not conflict with other
manipulatory requirements. (3.7.8.13)

120. Signals and changes should be readable while
operating adjustment controls. (3.7.8.13) j

121. Where consoles are designed for seated opera-
tors, utilize good seating principles, such as

• optimum dimensions for the expected popu-
lation of users. This applies to backrests,
armrests, footrests, cushioning, adjustability, V

• . 
etc.
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122. Position handles for comfort . Minimum han-
dle dimensions for use by the ungloved hand :
Handle diameter: 1/4— 1/2 inch under 25 lbs.,
1/2—3/4 inch if over 25 lbs. Finger clearance:
2 inches. Handle width: 4-1/2 inches.

123. A two-way voice communication path should
have an articulation index of at least 0.35 in
the worst-case ambient acoustic noise
environment.

124. Where audibility is critical, there should be
a signal to noise ratio of 10 dB at the audible
frequency band in which the background
noise is lowest . •
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DOCUMENTA T ION

Three broad categories of documentation concern-
ing the design engineer are the engineering data which
describe his equipment, documents used to control
design changes, and documents to support operation
and maintenance of the equipment. The essential
documents of each category are described in the fol-
lowing paragraphs.

ENGINEERING DATA

SPECIFICATIONS
Specifications provide narrative details of perform-

ance and physical characteristics and their quality as-
surance requirements for systems and equipments.
Development-type specifications are prepared to es-
tablish initial baseline configurations for developing
prototype models. Product type specifications reflect
the finally developed configurations and are used to
procure operational models. Specifications are pre-
pared to commercial/industry or military standards.
Program-peculiar military specifica tions are required

• by MIL-S-834905° which covers the requirements for ~
Forms la, lb,2and3and TypesA,B,C,D and E
specifications. The detail requirements for Form 1 a
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specifications of all Types are presented by MIL-STD-
490,~’ while DoD Manual 4120.3-M (Chapter V) pro-
vides overall requirements for military specifications
in general .

An engineer , whether he is a circuit designer or has
the total responsibility for the overall system design ,
should be familiar with MIL-STD-4905 ’ since it pro-
vides the guidance for writing specifications which will
be followed through the various stages of a military
systems development. A specification which is too
narrow (i.e., does not consid er the initial quantitative
reliability requirements, the human engineering, sup-
port documentation, maintainability, logistics of the
system, or the operational envir onment it will be sub-
jected to during its lifetime) will practically guarantee
higher support costs during a system’s scheduled life-
time and can contribute to a shortened duration of
that lifetime.

ENGINEERING DRAWINGS

Engineering drawings are the designer’s primary
means of communication . They may be prepared in
accordance with manufacturer/industry or military
standards. The Department of Defense recognizes
three general categories of drawings based on the
intended use of the drawings (DoD-D-1000).52

These categories may contain several of 46 different
• types of drawings (MIL-STD-1 00).~ ~ Military requir-~

ed drawings may be prepared to Level 1, 2 , or 3
standards in accordance with DoD-D-1000.52
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• TEST PROCEDURES A ND R EPORTS

Developmental and production models require pro-
cedures and reports for tests of equipment specified
performance and physical characteristics. They are
prepared by the development activity and manufactur- ~
er in accordance with their own or the buyer’s require- ~
ments. Various requirements documents of the several ~
military services and agencies address the content and
format of test procedures and reports and may be im-
posed on the preparer.
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ENGINEERING REPORTS

During equipment development, reports often are
required by the purchaser on such engineering aspects
as reliability and maintainability predictions and dein-
onstrations, human engineering, and safety. The
specialty engineers involved pr epare such reports to
their own in-house requirements or may, in the case
of items for the military, have to comply with applica-
ble military specifications and standards.

ENGINEER ’S NOTEBOOK

Keep an engineer’s not ebook from the moment a
new design is begun. Include instructions , dates, fmd-
ings, decisions, reasons, conclusions, etc. A notebook’s
value varies with the circumstances and the extent of
its contents. Potential benefits of a notebook include :
patent rights, applications to future projects, defense
of action s taken, information for anyone who joins
the project , and general fu ture reference.

DESIGN CHANGE CONTROL
DOCUM ENTAT ION

Equipment configuration management is a normal
activity of most companies and Government develop-
ers. Effectiv e configuration-change control employs a
system of recorded change data subject to review and
approval. The design engineer provides the technical
inputs for this documentation.
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ENGINEERING CHANGE PROPOSALS (ECPs)

Configuration changes are formally initiated by a
change-proposal form/document which must be re-
viewed and approved before the subject change(s) can
be incorporated in the design of equipment. The de-
signer himself may initiate the proposal or may coop-
erate with another engineer who has the original idea
for a change. In either case the designer must describe
how the proposed change affe cts his area of design
responsibility by completing the change proposal
form/document and including appropriate drawing
and specification (see Specificatio n Change Notices)
revisions for reference as well as required costs and
schedule revision information. The military services
must follow, and cite to contractors , the requirements
of MIL-STD-48054 or MIL STD-48155 which employ
DD Form 1692 or 1693, respectively , as engineering
change proposal documents. Variations of these
forms may be used by industry and DoD for in-house-
only applications. The completed form/document is
reviewed by a configuration control board which may
immediately decide for or against the proposal or re-
turn it to the originator(s) with a request for addition-
al information . A signed, approved ECP constitutes
authorization to proceed with the change, a process

- - • that normally includes the preparatio n of engineering
change orders and specification change notices (see
following).
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ENGINEERING CHANGE ORDERS

Properly authorized engineering change orders pro-
vide the technical and procedural info rmation neces-
sary to. fully implement the authorized change to the
design/equipment and to the engineering documenta-
tion that baselines the configuration of the design!
equipment. An engineering change order may be called
a “Notice of Revision,” “Engineering Change Notice,”
“Revision Directive” or other similar term according
to local practice. The designer will be required to
contribute technical informatio n within his purview to
this document.

SPECIFICATION CHANGE NOTICES (SCNs)
Whenever a change to a design or equipment is

authorized , the pertinent specification and engineering
drawings must be changed accordingly. Instructions
for document revision shou ld be contained in engi-
neering change orders. An approved specifica tion-
change-notice sheet should be included with these
instructions along with the detailed information need-
ed to produce revised copy for the speci fi cation. The
SCN sheet and revised pages prepared for the speci fi-
cation eventually are attached to the latest approved
version of the specification , thus updating the speci-
fication to agree with the updated configuration of its
item. Military program-peculiar specifications must
be changed only by using DD Form 1696 as prescribed
by MIL-51D490.5 ’ Changes to specifications not
under military control may be controlled by other
specification-change-notice practi ces peculiar to the
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individual developer or manufacturer. In any event ,
the designer may be called upon to prepare or review
revised portions of specifications as required by speci-
fication change notices (which themselves usually are
prepared by configuration management personnel).

OPERATIONA L SUPPORT
DOCUM ENTAT ION

While the engineering data and design change docu-
mentation delineated above are primarily applicable
to the design and development cycles, the design engi-
neer may be called upon to provide engineering data
and information required for the preparation of such
operational support documentation as technical man-
uals, maintenance standards books, computer pro-
gramming documentation , operating instruction charts,
field change documentation, and others.

TECHNICAL MANUALS

The design engineer generally is not required to
prepare such documentation himself, as technical man-
ual writing is a specialty occup~ation, but he may be
required to develop the source data for the manuals
and is in the best position to review and approve
manuscripts for completeness, accuracy , and adequac)~
of purpose. Technical manuals are usually written to
military specifications and standards. Commercial
manuals purchased with commercial off-the-shelf ¶
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it ems should be required to meet the minimum stand-
ards for such documentation as delineated in MIL-M-
7298.~ 

6 Manuals for systems and equipment devel-
oped by or for the military services must be prepared
according to the applicable military specifications and
standards. Each service has its own requirements re-
flected by its own “limited” specifications. The mili-
tary specification most commonly used for Navy elec-
tronic equipment manuals is MIL-M-l 5071 .~
MA I NTENANCE STANDARDS BOOKS

These documents provide the equipment mainte-
- •.~ •nance instructions in some cases (when the Programmed

Maintenance System is not in effect) to Navy person-
nel in the field. While these documents can be pre-
pared mainly from data already in the associated
technical manuals, engineers may be required to pro-
vide som e additional information to technical writers
preparing such books. Maintenance Standards Books
are prepared in accordance with MIL-B-2 1 741 .58

• OPERATING INSTRUCTION CHARTS
Usually capab le of preparation by technical writers

from information available in the technical manuals.
May infrequ ently require some input from an
~engineer .

FIELD CHANGE DOCUMENTATION
If equipment already in the field is to be modified,

;he personnel responsible for making such modifica-
- ions require clear, complete instruction s as to the
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purpose and method of modification , checkout after
modification, and other factors. In addition , the exist-
ing technical manuals and other support documenta-
tion in the field will require changes to reflect the
modification. Engineers, whether they were involved
in the initial design of the subject equipment or wheth-
er the modification itself is the primary task, may be
required to provide to the technical writer all the in-
formation required by the specification to which the
field change and technical manual change documenta-
tion is prepared. The specification for field changes is
MIL-F-17655.5 9

PARTS PROVISIONING DOCUMENTATION

Normally provisioning documentation is prepared
by a specialist rather than the designer; however, the
engineer should be aware of the requirements for pro-
visioning. Provisioning documentation is a direct re-
sult of maintainab ility tasks which determine the type
and level of maintenance actions required for a design.
The engineer’s direct input to maintainability tasks,
therefore , indirectly affects provisioning actions and
the costs thereof. Provisioning documentation is gen-

erally prepared in accordance with MIL-STD- l 561 ~6 0 
-

OTHER SUPPORT DOCUMENTATION

In addition to the engineer’s responsibility with
respect to the preparation of the support documenta- ~
tion enumerated above, there are sometimes require- ~
ments for him to provide data , information , and
guidance toward the preparation of other required
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documents. These documents can include Reference
Standards Books, Operators Handbooks, Maintenance
Manuals, Training Guides, and other specialized docu-
mentation which may be required by installation ,
operating, and maintenance personnel in the field .
Support documentation is prepared mainly by tecl-
nical writing specialists; however, the engineer is ex-
pected to provide the necessary information , and in
some cases to contribute written material.
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LOGISTICS , PERSONNEL ,
AND TRAINING

Logistics, personnel, and training elements provide
the support for equipment in operation. Provisioning
levels, manning levels, training levels, test equipment
levels, transportation and handling requirements, sup-
port facilities, and support system resources must all
be determined for the equipment design. Obviously,
a cost-effective design approach cannot be determined
without considering the effect of designs on the sup-
port systems. Similarly, known support system con-
straints must be integrated into the equipment design .
The tasks which marry the design and the support of
an equipment are embodied in the Integrated Logis-
tics Support (ILS) concept. 1LS tasks are required to
be performed on all DoD acquisitions by DoD Direc-
tive 4100.35. These tasks develop specific criteria for
reliability design, maintainability design , human engi-
neering, and safety, therefore , the designer has a direct
interest in ILS determinations. The designer will also
be required to supply design information routinely
during the development to support the ILS activities.

The ILS tasks which most impact on the designer
comprise the Logistic Support Analysis (LSA). The
LSA may result from an in formal assemblage of engi-
neering support disciplines or a highly formalized
procedure in accordance with one or more military
standards and specifications.6 1 6 4  Specific design
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features may be det ermined such as test point provi-
sions, built-in-test features, and modular partitioning.
Thus, many of the trade-o ffs evident in the preceding
sections may be determined through the accom plish-
ment of ILS tasks. Unless the designer participates in
the LSA and makes his views known , he may fInd his
design alternatives severely limited. Conversely, sup-
port considerations can be ucefu l tools in establishing
favored design alternatives.
NAVMAT P-400065 is an ILS guidebook which is

available to help determine the appropr iate ILS tasks
to consider.
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APPENDIX A: COMPUTER SOFTWARE
DESIGN

Software design for firmware , embedded computers
and general purpose processors must be done with
discipline to meet current NAVMAT requirements .
This discipline requires full documentation to stand-
ard , change control over each baselined document
and computer program , Configuration Management
of each configuration item , and full test and evaluation
against the original requirement. As has been the case

with hardware development , specifications now re-
quire that software quality assurance activities be
geared to the life cycle of a project , regardless of
project size or duration . Software quality assurance
is , therefore , an integral part of software-based
projects from project planning to obsolescence.

GENERAL

1. Start the project with a baselined Operational
Requirement (OR) OPN AVINST 5000.42A.66

2. Develop the Project Management Plan to
accomplish the OR.

3. Require support plans for Computer Soft-
ware Developmen t and for Computer
Software Quality Control to be baselined .

4. Ensure that the appropriate Navy software
documentation standard is used. These are :
a. MIL-STD-490 , Specification Practices , for .

the system specification (Type A) only.5 ’
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L.
b. MIL-STD-l679 , Weapon System Software

Development , for tactical and/or techni-
cal software systems.6 ~ Also, NAVMAT
Tactical Digital Standards (TADSTANDS)
as issued by TADSO.

c. DoD Standard 7935.1-S , Automated Data
Systems Documentat n Standards , for
strategic/intelligence systems, logistics ,
and management information systems.68

TACTICA L/TECHNICA L SOFTWARE
DOCUMENTATION — MIL-STD-1679

5. Write and baseline the Software Develop-
ment Plan .

6. Develop and baseline the Systems Specifi-
cation to allocate functions between com-
puter processor and the applications software.

7. Develop and baseline the following documents :
a. Program Performance Specification (PPS)
b. Interface Design Specification (IDS)
c. Program Design Specification (PDS)
d. Program Description Documents ((PDDs)
e. Data Base Design Document (Di~D)
f. Program Package Document
g. Computer Program Test Plan
h. Computer Program Test Specification
i. Computer Program Test Procedures
j . Computer Program Test Report
k. Operator ’s Manual (OM)
1. System Operator’s Manual (SOM)
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STRATEGIC, LOGISTICS AND MANAGEMENT
INFORMATION SYSTEMS — DoD STD 7935.1-S

8. Write and baseline the Software Develop-
ment Plan .

9. Develop and baseline the Systems Speci-
fication to allocate functions between
computer processor and the applications
software .

10. Develop and baseline the following documents :
a. Functional Description (FD)
b. Data Requirements Document (RD)
c. System/Subsystem Specification (SS)
d. Program Specification (PS)
e. Data Base Specification (DS)
f. User’s Manual (UM)
g. Computer Operation Manual (COM)
h. Program Maintenance Manual (MM)
i. Test Plan (PT)
j. Test Analysis Report (RT)

SOFTWARE QUALITY ASSURANCE ACTIVITIES

11. Ensure consistency of software baseline
development.

12. Ensure compliance with design standards.
13. Ensure compliance with programming

standards .
14. Ensure adequacy and completeness of

testing.
• 15. Review test results.
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Specification MI L-E- 17555 G, Electron ic
and Electrical Equipment, Accessories, and
Repair P arts, Packagin g and Packing of,
15Apr 70.

ELECTROMAGNETIC COMPATIBILITY

39. Naval Electronic Systems Command Military
Handbook MIL-HDBK-238, Electromagnetic
Radiation Hazards, 10 Aug 73.

40. Naval Electronic Systems Command Military
Handbook MIL-HDBK-241, Design Guide
f or EMI Reduction in Power Supplies.
2 Aug 74.

41. Naval Electronic Systems Command Military
Standard MIL-STD-461 A, Electromagnetic
In terference Charac teristics, Requirements
f or Equipment, 1 Aug 68.

42. Naval Electronic Systems Command Military ~
Standard MIL-STD-462 , Electromagnetic
In terference Charac teristics, Measurement
of, 31 July 67.

43. Naval Ship Engineering Center Military
Standard MIL-STD-469, Radar Engineering
Design Requirements, Electromagnetic Corn
patib ility, 1 Dec 66.

44. Naval Sea Systems Command NAVSHIPS ~
0981-052-8 140, Electrical Eqüipment-SmaLJ
Stray Magnetic Field, Manua l for Design of, -

.

Feb 57.
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45. National Security Agency , National COMSEC/
EMSEC Information Memorandum NACSEM
5100, Compromising Emanations, Laboratory
Test Standard , Electromagne tics, Oct 70.

46. National Security Agency , National COMSEC/
EMSEC Information Memorandum NACSEM
5103, C’om promising Emanations, Laboratory
Test Standard, Acoustics, Oct 70.

HUMAN ENGINEERING

47. Naval Air Systems Command Military Stand-
ard MIL-STD-1472A , Human Engineering
Design Criteria for Military Systems, Equip-
ment and Facilities, 15 May 70.

48. Van Cott and Kinkade , Human Engineering
Guide to Equipment Design, Government
Printing Office , 1972.

49. Woodson and Conover , Human Engineering
Guide for Equipment Designers, University
of California Press, 1964.

DOCUMENTATION

50. Naval Ordnance Systems Command Military
Specification MIL-S-83490, Specifications ,
Types and Forms, 30 Oct 68.

51. Naval Ordnance Systems Command Military
Standard MIL-STD49O, Specif ication Pr ac-
tices, 30 Oct 68.

52. Department of the Army, Military Specifi-
cation DoD-D-l 000, Drawings, Engineering
and Associated Lists, 28 Oct 77.
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53. Naval Ordnance Systems Command Military
Standard MIL-STD-lOOA , Engineering Draw-
ing Practices, 1 Oct 67.

54. Naval Air Systems Command Military Stand-
ard MIL-STD-480, Conf iguration Control
Engineering Changes, Deviations and Waivers ,
30 Oct 68.

55. Naval Air Systems Command Military Stand-
ard MIL-STD-48 1, Conf igura tion Control —

Engineering Changes, Deviations and Waivers
(Short Form), 18 Oct 72.

• 56. Naval Ship Engineering Center Military
Specification MJ L-M-7298C ,Manua l,
Technical, Commercial Equipment,
1 Nov 70.

57. Naval Ship Engineering Center Military
Specification Ml L-M- 15071 G, Manual,
Technical. Equipment and Systems Content
Requirements f or, 19 Nov 73.

58. Naval Ship Engineering Center Military
Specification MIL-B-2 1741 C, Book, Tech-
nical, Maintenance Standards, 14 Jun 65

59 Naval Ship Engineering Center Military
Specification MIL-F-l 765 SC, Field Changes
and Field Change Kits, General Sp ecifi- - 4
cation for, 4 Feb 69

60. Naval Suppl y Systems Command Military
Standard MIL-STD-1 561 , Provisioning Pro-
cedures , Uniform DoD, 11 Nov 74.
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LOGISTICS, PERSONNEL, AND TRAINING

61. Naval Ship Engineering Center Military
Specification MIL-M-24365A , Maintenance
Engineering-Analysis, Establishment of, and
Procedur es and Formats for Associated
Documentation, General Sp &zf icatj on for,
20 Jul 70.

62. Naval Electronic Systems Command Military
Standard MIL-STD-l 369, Integrat ed Logistic
Support Prog ram Requirements, 31 Mar 71.

63. Naval Material Command Military Standard
MI L-STD- 1388, Logis tic Support Analysis,
15 October 73.

64. Naval Material Command Military Standard
MIL-STD-l390A, Level of Repair , 1 Apr 74.

65. Naval Material Command NAVMAT P4000,
Integr ated Logistic Supp ort Implementa tion
Guide for DoD Systems and Equipments,
Mar 72.

COMPUTER SOFTWARE DESIGN —
66. OPNAVINST 5000.42A, Weapon Systems

- 

- Selection and Planning, 3 Mar 76.
67. M1L-STD-1679 (NAVY), Weapons System

Software Development, I Dec 78.
68. DoD Standard 7935.1-S, Automated Data

Systems Documentation Standards , 13 Sep 77.
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