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FDREUORD

This hand&ok is the technical bese( ine for the design and construction of electronic equi ment for the Department of Defense.
It captures in one doctment, under suitable subject heading, furdemental design guidel i&s for multiple general electronic
specifications. The opportunity to focus on a single docunent, afforded to contractors, results in stitantial savings to the
Government. This hatiok uas prepared by and is regularly updated through the cooperative efforts of Government and industry.
The fot lowing Government docunents are intimately associated uith this handbook.

MI L-sTD-2036

MI L-E-4158

MIL-STD-5400

MIL-E-8189

LMXI-E-8983

NIL-P-11268

MI L-STD-11991

MI L-F-18870

MI L-T-28800

General Requirements for Electronic Equipnent Specifications.

Electronic Equipment, Ground, General Specification for.

Elect ronic Equipment, Aerospace, General Standard for.

Electronic Equipment, Missi [es, Boosters and Allied Vehicles, General Specification for (Not for New Design).

El&t rordc Equipment, Aerospeca, Extended Space Envi wmant, General Specification for.

Parts, Materials, and Processes IJsed in Electronic Ewilment.

Electrical, Electronic and Electro-tnechani cal Equi~nt, Guided Missi Ie and Associated Ueapon Systems,
General Standard for.

Fire Control Equipment, Naval Shipboard, General Specification for.

Test Equipment for Use uith Electrical and Electronic Equipment, Genera[ Specification for.
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GENERAL GUIDELINES FOR ELECTRONIC EQUIPMENT

1.1 Guidelines amlicable to electronic eauiunent. This handbook covers the cannon guidelines to be used in mi 1 itary
specifications for electronic equipment.

1.2 Revision of guidelines. Revisiona of individual guidelines are indicated by a date below the guideline rsmber located
at the bottom of the page. When the basic docment is revised, those guidelines not affected by change retain their existing
date.

1.2.1 Redating. Although individual guidelines are reviewed and updated or validated at least once every eighteen months,
guide[ ines are not redated unless technical changes are made.

1.3. Method of reference. Guidelines contained herein should be referenced in the individual specification by specifying this
handmok and the guidel ins rumber.

1.4 Jnterrel @tionahiD Of 9UiddilW$. Each guideline ia intended to cover some discipline in the design of ~ipmant, such
aa ● procedre, ● process or the selection ●nd application of perta and rnteriala. thy of these disciplines, houever, cannot
retain a claar-cut aeperation or isolation f ran others so that then guidd inea of MI L-HOBK-454 are referenced in a specification
some guidelines ui lL undoubtedly have a direct interre[ationahip with other guidelines. This interrelationship should be taken
into consideration Aen invoking or using these guidelines.

2. Aml i cable docunents.

2.1 Individual Guidelines. See 2 of each individual guide(ine for a listing of app( i cable docunents contained therein,
including those for guidance only. Docunents referenced in the individual guidelines a#y to the extent specified therein.

2.1.1 Amlicable iasuea. Untess otheruise apecif ied, the applicable issues should be those listed in that issue of the
Department of Defensa Index of Specif icationa and Standards (DODISS) specified in the solicitation. The epplicab~e issue of
nongovernnent docments should be tha isaus specified.

2.1.2 @Dice. Copies of epecificationa, standards, drauinga, and publications required by cmtractors in connection with
specific procurement fmctiona should be obtained from tha procuring activity or as directed by the contracting officer.
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2.1.3 Industry addresses. Addresses for obtaining docments referenced herein but not obtainable f ran the Goverrrnent are as
foltous:

AGMA

Am

ANSI

ASM

ASTM

AWS

EIA

IEEE

I Pc

NAS

NFPA

UL

Amer i can Gear t4anuf acturers Association
1901 North Fort Meyer Drive
Suite 1000
Arlington VA 22209

SAE
400 c cmnonwea(th Drive
Uarrendele PA 15096

American National Standards Institute
1430 Broednay
N? York NY 10018

American Society for Meta(s
tieta[a Park ON 44073

American Society for Testing and Materia~s
1916 Race Street
Philadelphia PA19103

American Uelding Society
550 NU LeJeune Road
Po Box 351040
Miami FL 33135

Electronic Industries Association
2500 Ui (son Blvd
Arlington VA 22201-3834

Institute of Electrical and Electronics Engineers
820 Secotd Avenua
New York NY 10017

Institute for Interconnecting and Packaging Electronic Circuits
Z380 North Lincotn Avenue
Linco(nuood IL 60646

National Standards Association
1200 Quince Orchard Boulevard
Gai thersburg MO 20878

National Fire Protection Association
Batterymsrch Park
Quincy w 02269

Undertmi tera Laboratory es, Incorporated
333 Pf i ngsten Road
Northbrook 11 60062

2
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3. Definitions.

3.1 As used in this handbook, the word “airborne” denotes those applications pecu(iar to aircraft and missi ie or other systems
designed for operation primeri ly Hi thin the earth’s atmosphere; “space” denotes application peculiar to spececraf t and systems
designed for operation near or beyond the upper reaches of the earth’s atmosphere; and “aerospace” includes both airborne and
space app( i cat ions.

3.2 Other terms are defined in the individual guidelines.

4. General guidelines.

4.1 Amlication. The Guidelines containd herein are intended to provide uniform guidelines applicable to ●lectronic
equipment, unless other~ise specified in the Guidaline, and should be incorporated by reference in general equipment
specifications. Other doctsnents may reference Guidelines when appi i cable.

4.2 Use of se(ection end edication standarda. lihen a selection and application standard is invoked in a guideline, the
devices or perta selected should conform to the app[ i cable ni 1 i tary specif i cat ions referenced in the standard.

5. j)etai 1 9uidel inea.

5.1 Individual guidelines for electronic eauimne nt follow.

6. ~.

6.1 Changes from previous issue. The margins of this hantbook are marked uith asteriska to indicate uhere changes (additions,
modifications, corrections, deletions) from the previous issue uere made. This is done as e convenience on~y and the Goverrmsnt
assunes no 1 i abi ( ity whatsoever for any inaccuracies in these notat icms. Bidders and contractors are cautioned to evaluate the

guide[ ines of this docunent based on the entire content i rreapective of the marginal notations and relationship to the laat
previous issue.

6.2 St.blect term (key word) (isting.

Cabte selection
corona protect ion
Encepaulat ion
Fasteners
Fhmnebility
Fungus protection
Interchangeabi ( i ty of parts
Marking
Materials selection
Microelectronics

Ncssenciature
Parta selection
Printed ui ring
Safety
Soldering
Subst itutabi ( i ty of parts
Thermal design
Uavegui &a
Uire selection
Uorkmenah i p

C&lCLIDING MATERIAL

Custodians:
Army - ER
Navy - AS
Air Force - 11
DLA - ES

Preparing activity:
DLA - ES

Project GoRQ-0162

Review activities:
Army - AR, AV, CR, ME, MI, TE
Navy - EC, SH, OS
Air Force - 17, 19, 85
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2.

3.

HI~-HDEIK-45.4

GLIIOELINE 1

SAFETY DESIGN CRITERIA - PERSONNEL HAZARDS

~. This guideline establishes safety design criteria and provides guidelines for personnel protection.

Docunents acm(icable to guide(ine 1:

MIL-B-5087

MI L-STD-131O

141L-STD-1672

MIL-HDBK-600

ANSI C%.1

ANSI C95.2
ANSI N2.1
ANS1 235.1
ANSI 235.2
ANSI 235.4

ANSI 253.1
NFPA 70
10 CFR 20
21 CFR 1000-1050
29CFR 1910

Definitions.

Bonding, Electrical, and Lightning Protection, for
Aerospace Systems
Shipboard Bonding, Grounding, and Other Techniques for
Electrc#nsgnetic Conpetibility and Safety Shieiding
Hunsn Engineering Design Criteria for Miiitary Systems,
Equipment and Facilities
Guidelines for Identification, Markings, Labeling, Storage,
and Transportation of Radioactive Ccuwnrdities
Safety Levels uith Respect to Uunan Expoaura to Radio
Fr~y Electromagnetic Fiekls, 300 kHz to 100 GHz
Radio Frequency Radiation Nazard blaming S@ml
Radiation -(
Accident Prevention S{gna, Specification for
Accident Prevent ion Tags, Specification for
Specification for [nformetional Signs Complementary to
ANSI 235.1, Accident Prevention Signs
Marking Physical Hazards, Safety Color Code for
National Electrical Code
Code of Federal Regulations, Title 10, Chapter 1, Part 20
Code of Federal Regulations, Title 21, Chapter 1, Parts 1OOO-105O
Code of Federal Regulations, Title 29, Chapter XVII, Part 1910

3.1 Chassis. electrical tmuiment.. Tha chassis is a structural i tam fabricated in such manner as to f aci 1 i tate assenb(age
and interconnection of ●lectrical or ●lectronic items for the specific purpose of providing ● basis for ●lectrical or
●lectronic circuits. It normally has drilled or staaped holas to accomodete the items but may include only tha items
necessary for its oun momting and sqport.

3.2 ~. The frmbz is X construction system fitted and united together, designed for mmting or s~rting
●(ectrical or electronic parts or mits.

3.3 Fail-safe. Tha design feature of a part, unit or equipment uhich al 10US the item to fai 1 only into a nonhazardous
mode.

3.4 [nter[ock. An inter(ock is en automatic switch which eliminates aii power from the equipment then an accesa door,
cover or p~ate is removed.

3.4.1 B- ssable inter ~ock. A bypassakda intarlock is an automatic switch with a manually operated electrical bypass
device to al (0111 equipnent maintenance operations on energized equipment.

5.5 Battleshort. A suitch used to bypass normal interlocks in mission critical equipnent; (i. e., equipment Mich mst not
be shut doun or the mission function will fail) ~ring battle conditions.

4. Guidelines.

4.1 Fail-safe. The design and develqment of all mi (itary electronic
safety of personnel during the instal lation, operation, maintenance, and
assentily or ccmponent parts thereof.

4.2 Bonding in hazardous areas. Electronic
should be bonded i n accordance
chapter 5, for ground systems,

with HIL-6-5087
or as otherwise

equipment to be instal(ed

equipment shou[d provide fai 1 -saf ● features for
repair or interchanging of a conplete equipment

in areas ~here explosive or fire hazards exist
for aerospace systems, MI L-STD - 1310 for shi~ard
specified in the detaii equipnent specification.

systems, and NFPA 70, “

1-’1
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4.3 Tame rature. At an enbient teqxrature of 25”c, the operating t~rature of control panels and operating controis
should not exceed 49”C. Other exposed parts subject to contact by operating personnel should not exceed 60”c.

4.4 Electrical. The design shou(d incorporate methods to protect personnel from inadvertent contact ~ith voltages capable
of producing shock hazards.

4.4.1 m. Means shou(d be provided so that power may be cut off white installing, replacing, or interchanging a
conplete equipment, assethly, or pert thereof. Interface with electrica( power sources should be in accordance uith the
applicable regulations or guidelines. If a main power switch is provided, it shou(d be clearly labeled as such and shou{d
cut off all power to the cqlete equipment.

4.4.2 Ground The design and construction of equipment, excluding self-powered equipnent, should insure that a~ ( external
parts, SU=: and shields, exclusive of antenna and transmission (ins terminals, are at ground potential at a~l times
during normal operation. The design shou(d inc~ude consideration of growd currents and voltage 1 iteits (possibte arcing)
established on a basis of hazardous locat i on. Antenna and transmission tine terminals should be at gromd potentia(, ●xcept
for Radio Frequency ( rf ) energy on their ●xternal surfaces.

4.4.2.1 $e[f-cnwared eau iunent. Self -pwared equi~t should have al 1 external eurfecea ●t the same potentiel.

4.4.2.2 Growling methods . Plugs for use with metal cased portebte tools end ~ipment should have provisions for
automatically gromding the metal frame or case of tools and equipment when the plug is meted ~ith receptacle, and the
grounding pin shw(d make first, break last. Grouui connections to shields, hinges, end other mechenica( parts ahwld not be
used to conplete etectrica( circuits. Any ●xternal or interconnecting cab(e, where a ground is pert of the circuit, should
carry a ground Mire in the cable terminated at both ends in the sane mervter as the other conductors. In no case, except with
coaxial cab[es, should the shield be depended upon for a current-carrying ground connection. Static and safety grourds
should not be used to conplete electrical circuits. A point on the electrically conductive chassis or equipment frame shwtd
serve as the comnon tie point for static and safety grounding. The path from the tie point to ground should:

a. Be continuous and permanent;

b. Have eaplecarrying capacity to conduct safely any fault currents that may be imposed upon it;

c. Have iqxedance sufficiently low to lirait the potential ebove grcutd end to facilitate the operation of the over
current devices in tha circuits, and;

d. Have sufficient mechanica( strength of the material to minimize poesibilityof gromddiscomection.

4.4.2.3 Hineed or slide-momtedm nets and doors. Hinges or slides should not be used for grounding paths. Panels and
doors containing meters, switches, test points, etc, shwid be attached or hinged in such a manner as to insure that they are
at the seine gromd ptential aa the equipment in which they are stomted, whether in a closed or open position. A ground
should be considered satisfactory if the electrical connection between the door or panel and the system tia point exhibits a
resistance of 0.1 ohm or Less end has sufficient capacity to insure the reliable and inntediate tripping of equipment
over-current protection devices.

4.4.2.4 $hielding. Except where a conflict uith single-point shield grounding guidelines wwld be craated, shie~ding on
wire or cabie shwld be grounded to the chassis or frame. The shielding shwld be secured to prevent it from contacting
exposed current-carrying parts or gromding to the chassis or frame at any point other than the ground termination. The
shialding should end at a sufficient distance frc+n exposed conductors to prevent shorting or arcing between the conductor and
the shielding.

4.4.3 ficcidental contact. The design should incorporate methods to protect personnel from accidental contact iiith
voltages in excess of 30 volts rms or dc during .norme( operation of a conplete ecpipmant.

4.4.3.1 Guards and barriers. All cwitacts, terminals and {ike devices having voltages between 70 and 500 volts rms or dc
with respect to ground shou[d be guarded from accidental contact by Persomel if such points are exposed to contact during
direct support or operator maintenance. Guards or barriers may be provided with test probe holes where maintenance testing
is required.

4.4.3.2 Hiqh voltage cjuardinq. Assemblies operating at potentials in excess of 500 volts should be con@etely enclosed
from the remainder of the assenbly and equipped with nonbypsssable interlocks.

1-2
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4.4.3.3 Voltage measurement. Uhen the operation or maintenance of equipment emp(oying potentials in excess of 300 volts
peak could require that these vo[tagea be measured, the equipment should be provided tiith test points ao that these voltages
can be measured at a re~atively Lou potential levet. In no case should the potential exceed 300 volts peak relative to
ground. Test points uith voltages above 30 volts should have the conducting material recessed a distance no [ess than the
diameter of the probe hole and a minimun of 1.5 msn. [f a voltage divider is used, the voltage divider resistance between the
test point and ground shou(d consist of at least tuo resistors of eque[ value in peraltel.

4.4.3.4 Guarding of rf voltages. Transmitter output terminals, antennas and other devices that carry sufficient rf
voltage to burn or injure personnel shou(d be protected from accidental contact in the same manner as for ac voltages in the
70 to 500 volt range.

4.4.3.5 14ain cmuer witch. The power input side of the main pouer sbfitch and the
be given physical protection against accidental contact.

4.4.4 Protective devices.

6.6.4.1 lnte LOCks. Uhen a unft is provided with ●ccess doors, covers or plates,
interlocked es ~olloue:

incoming Power Line connections should

these access points should be

a. No interlocks are required then all potentials in excess of 70 volts are cap(etely protected ufth guards or
barriers to prevent accidental contact under all conditions of operation or any level of maintenance.

b. 8ypassab[e interlocks are required then voltages between 70 and 500 volts are exposed as the result of an access
door, cover, or p(ate being opened. Note that these internal vo(tages are alloued to be unguarded only if they are
not exposed during direct support or operator maintenance. The bypass device should be of such design that ctosing
the associated door, cover or plate uil[ automatically open the bypass device and leave the interlock in position to
function normally. Visual mans should be provided to indicate when the interlock is bypassed.

c. Not@passable interlocks are required uhen any voltage in excess of 500 volts is exposed aa a result of an access
door, cover or p(ate being opened.

4.4.4.2 Battle short ind icator. khn ● battle short s~itch is required by the indivi&sl equipment specification, a
rasdily visible indicator light should be provided to indicate idtan the battle short switch is ~.

4.4.4.3 @fetv witches. Safety snitches thich mitt deactivate associated mechanical drivw mits should be provided for
the purpose of discormecting these wits without discomacting other parts of the equipisant. Such remotely located units end
aasantd iea shou(d have provis{on for nonoverrideable safety sui tches to at (OU independent disconnection in the associated
eqJipment.

4.4.5 Discharging devices.

4.4.5.1 Automatic discharge devices. High vo(tage circuits and capacitors shwid be provided with discharging devicaa
wless they discharge to 30 volts or less within two seconds after pouer remova(. The particular discharging device that is
chosen shwld insure that the capacitor or high voltage circuit is discharged to 30 volts or less uithin tuo seconds. These
protective devices shw(d be Poaitfve acting, highly rel iab[e, and shw(d actuate automstical (y either by mechanical release
or by electrical solenoid hen the door or cover is _. Ii?Ien resistive bleeder networks are used to discharge
capacitors, the b(eeder netwrk shwld consist of at least t~o equal valued resistors in pera( lei.

4.4.5.2 Shorting rods. Short ing rods ahwld be provided ui th al 1 tranami tting equipment there voltagea are in excess of
70 volts rms or dc. Where aiza @nnits, shorting rods shwld be stored within the transmitting aquipnent, permanen t ly
attached, and reedi [y accessible to maintenance personnel. The permanently attached rod should be connected through a
flexible stranded copper wire (covered with a transparent sleeving) to the stud provided at the transmitter main frame.
Where size does not permit internal storage of the shorting rod, a gro+rxiing stud should be provided to permit attachment of
a portable shorting rod. The cmnection to the stud shwid be such that accidental Iooseni ng or high resistance to the
ground is prevented.

4.4.6 Connectors. Connectors used in nwltiple e(ectric circuits should be selected to preclude mismating. Where design
considerate ions require plug and receptacles of simi lar configuration in close proximity, the mating plugs and receptacles
shwld be suitably coded or marked to ctearty indicate the meting connectors. Plugs and receptacles shou[d not be of sirni lar
configuration if the major umit contains explosive items. The design of the connector should be such that the operator is
not exposed to electrical shock or burns uhen norma( disconnect methods are used. Exposed pin contacts should not be
energized (hot) after being disconnected from the socket contacts.

1-3
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4.5 Radiation. The design of ail equipnent for which a federal standard exists under 21 CFR 1000 - 1050, on the Radiation
Control for Health and Safety Act of 1968, shou(d conform to the appropriate federat standard.

4.5.1 Microuave and rf radiation. All electronic equipnent or electrical devices capable of emitting microuave or rf
radiation between 300 kHz ad 100 GHz shwld be so designed, fabricated, shie(ded and operated as to avoid overexposure of
personnel. In areas uhere unintended radiation levels exist, equipnent design and installation in any unrestricted area
accessible to personnel shou(d meet the guidelines of ANSI C95.1. Shields, covers, doors, etc, which Aen opened or removed
ui 11 al 10U microwave ad rf radiation to exceed the above, should be provided with nmbypessab(e interlocks.

4.5.2 X radiation. A(l electronic or electrical devices capable of producing X radiation shou(d be so designed,
fabricated, shi e[ded and opereted as to keep persomel exposure as (OU as reasonably achievable. For equipnent and
instattation design, shielding guidelines shou(d be maintained at all times which limit radiation levels to mt greater than
2 miiliroentgena (mr) in any one hour and 100 mr in any 7 consecutive daya at the operator position or tiithin 5cm from the
equipment (whichever is c(oser) in any unrestricted area accessible to personnd. In addition, these Ievela should be
reduced idwnever necessary to ensure that exposed parsonnet never receive an absorbed dose to the *oLe body or any critical
organ in excess of 125 millirem per calendar quarter or 500 millirem per year. Other exposure should be based on application
criteris end limits aa required by iiuclaar Regulatory Coweission Rules and Regulations, 10 CFR 20; OSHA Regulations, 29 CFR
1910.%; and FOA Regulation, 21 CFR, chapter [, ubcit~ter J, Radiological Health. Equipsent tdIich, then shields, covers,
doors, ●tc. are removed, Mi 11 ●lhu X radiation to ●xceed 2.0 mr per hour should be providd with ~ab(e interlocks.

4.5.3 Laser radiation. Laser equipment and system design, installation, and operational and maintenance procedures shwld
conform to 21 CFR 1040. If Title 21 cannot be met because of operatiom( guidelines, an ●xqtion ahwld be requested from
the procuring activity and applicable mi (itary laser safety regulations shw(d be used as a design guidel inc.

4.6 Mechanical. The design of the equipment should provide personnel meximun access and safety uhi le i natal 1 ing,
operating, and maintaining the equifxnent. Equipment design shou(d include provisions to prevent accidental pulling out of
drawers or rack mounted equipment ccqonents. Suitable protection should be provided to prevent contact uith moving
mechanical parts such as geara, fans, and be(ts hhwi the equipment is conplete and operating. Sharp projections on cabinets,
doors, and simi Lar parts shwld be avoided. Doors or hinged covers should be rounded st the corners and provided uith atopa
to hold them open.

4.6.1 ~achanica( intercomection . Tha design ahwld prwide poai t ive means to prevent the inadvertent reversing or
mismating of fittings; co@irtos; fuel, oil, hydraulic, and pnawtetic lines; and mechen{ca( Linkage. WIen prevention of
mismating by design consideration ia mt feasible, codina or marking ahw(d be esployed then approved by the procuring
activity. Coding end marking will not be approved ●a a wbatitute for propar design or items inwlving explosive, emergency,
or safety critical systems.

4.6.2 Pouer snitch location. Equipment pwer switches shwid be so selected and located that accidental contact by
personnel iii 1[ not p(ace equipment in operation.

4.6.3 Cathode re Y tubes. Provision should be incorporated to protect persomel frcm injury due to inp~osion of cathode
ray ths.

4.7 gqu” unent safetv merkirws. Oanger, caution, ate, signs, labels and markings shwld be used to warn of specific
hazards s~h es voltage, current, thermal, or phye ical. The signs, labels, and markings should be as permanent as the mrml
life expectancy of the equipment on which they are affixed. Guards, barriers, and access doors, covers or ptates shwld be
marked to indicate the hazard thich may be present qmn removal of such devices. when Possib(e, marking shw[d be located
such that it is not removed Aen tha barrier or access door is removed. Additionally, hazards internal to a wit shw(d be
marked adjacent to hazards i f they are significantly different from those of surrounding i tams. Such a case wwld be a high
voltage terminet in a groq of tow voltage devices.

a. Physical hazards shw(d be marked uith color codes in accordance uith ANSI 253.1 uhere app[ icab[e to electronic
equipnent.

b. For potentials betueen 70 and 500 volts, warning signs or Labels should be in accordance uith ANSI 235.1, c~ass 11,
and ANSI 235..4, and should read, as a minimun, “Caution - ( Insert meximun vo[tage applicable) ~.’t

c. For potentials in excess of 500 volts, naming signs or labels should be in accordance uith ANSI 235.1, c{ass 1 and
ANSI 235.4, and shou(d read, as a minimun, QllDan er - High voltage - (Insert mexinun vo(tage app(icab~e) ~.i’

1-4



MI L- HDBK-454

d. Hicrouave or rf radiation ~arning signs should be in accordance with ANSI 235.1 and ANSI C95.2. Labels shotdd be
provided on a( ( radiation shields to warn personnel of the radiation hazards involved upon removal thereof. Any
item which can emit radiation leve(s in excess of those specified in 4.5.1 should be labeled. Mininxm safe
clearance distances should be clearly marked. Uarning signs should be posted in al 1 areas having electronic
equipment designed to operate bet~een 300 kHz ard 100 GHz with intended electromagnetic radiation levels exceeding
those in 4.5.1.

e. (1) Laser labels shou(d be in accordance with 21 CFR 1040.

(2) Hi litary ex~t laser labels: A permanent label should be aff ixad on at 1 mi ( itary laser systems that have bean
certified ●xempt from 21 CFR 1040 (Performance Standards for Light-Emitting Products), tiich reads:

~

4.14 f i raor~f connectors. Fireproof and fireuall connectors shodd be clasa K and should cmform to Sectim 101 of
MIL-sTD-1353. Uhere$ it is necessary to maintain ●lectrical contirwity for a limited time under cmtinuous flame, both the
racaptacle and mating plug should be class K. If flm integrity only is necessary without the need for electrical
cont{tmdty, ● class K receptacle ●hodd be used, but the mating plug stay be of any type SIXI chas. In •l~ cases, the plug
and receptacle should be anvircawant resisting.

4.15 Fi [ter pin connectors. Electrical connectors incorporating filter pins shoutd be considered for use only then
conventional electrical filters are not acceptable. Uttan used, filter pin comectors shotdd cmform to MI L-STD-2120.

4.16 Convosi te connectors. Miniature composite envi romnent resisting connectors should conform to MI L-C-29600 or
MI L-C-38999.

5. Informatim for guidance only.
performance standards, prescribed in
●xartptim no. 76 EL-01 DOD issued on
procedures.

Not appi icab[e. This elect roni c prduct has keen exempted from FDA radiat im safety
the Code of Federal Regu(ationa, tit (e 21, chapter 1, subchapter J, pursuant to
26 July 1976. This prcduct shcdd not be used ui thout adequate protective devices or

f.

9.

h.

i.

Shields which protect personnel from X radiatim should be labeled in accordance with 10 CFR 20.

Coding for accident prevantim tsgs should be in accordance ui th ANSI 235.2.

Tha marking or labeling of comnoditfea containing radioactive materia(s should be in accordance with 10 CFR 20.

Ionizing radiation hazard symbols should be in accordance with ANSI N2.1.

4.6 Hazardcus and restricted materials.

4.8.1 Gases or funaa. The msteria(s, as inata([ad in the equipment and under service conditions specified in the
equipment s~cif i cation, should not Liberate gases hich combine ~ith the atmosphere to form an acid or corrosive alkali, nor
shouid they Liberate toxic or corrosive ftmtaa which would be detrimental to the performance of the aquipinent or health of
personnel . Tha materials also should not 1 ibarate gaaea which Wit 1 produce an explosive atmosphere.

4.8.2 Mercury. Materials and parta containing mwcury should not be used un(ess use of mercury is speci f i cal (y required
or approved by the procuring activity.

4.8.3 Jiadioactive ma terialq. Use of radioactive materials shcdd cmform to Nuclear Regulatory Commission regulations and
should raqui re approval of the procuring activity. Radiun should not be usad to schieve self- luminosity.

4.8.4 Glass fibers. Glass fiber materials should not be used as the outer surface or covering on cables, uire or other
items where they may cause skin irritation to operating pm-sonnet. This does not preclude the use of military spacif ication
Hire and cable. When maintenance procedures require access to g[ass fibers, such as insulation, a proper taut ion note should
be provided.
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5. Information for guidance only.

5.1 Hunen ermineering. Hunan engineering factors affecting safety shou[d be considered when estabt ishing general or
detai ted design criteria. Rigorous detai led operat i onel or maintenance procedures are not acceptable stbat i tutes for an
inherently safe design. Hazard and safety guidelines of HIL-STD-1472 should be used as a guide.

5.2 Electrical. Proper instructions in accident prevention and first-aid procedures should be given to al( persons
engaged in ●lect ri cal uork to ful 1y inform them of the hazards invo{ved.

5.2.1 Shock hazards. Current rather than voltage is the most important variable in establ iahing the criterion for shock
intensity. Three f actora that determine the severity of ●lectrical shock are: (1) quantity of current flouing through the

body; (2) path of current thr-h the ~; and (3) duration of time that the current flws through the body. The vottage
necessary to produce the fatal current is dependent upon the resistance of the body, contact condi t iona, and the path through
the body. See tabte l-I. Suf f i ci ant current passing through any pert of the body Hi 11 cause severe burns and hemorrhages.
Hwever, relatively amal 1 currents can be lethal if the path incltxiaa a vital psrt of the body, such aa the heart or (ungs.
Electrical burns are, usual ly of tuo types, those produced by heat of the arc Aich occurs then the body touches a
high-voltage circuit, and those caused by pesse@ of ●lectrical current through the skin d tissue. Wile current is the
oriswv fector Aich determines shock severftw. motectim guidelines ●re based uxm the voltsae involved to sbllfy their
ipplicition.In cases there the meximm curr&t” thich can ~tou from ● point
reflex action, protection guidelines may be re~exed.

TABLE 1-1. Probable effects of shock.

I Current values (mi11 ienperes)

I I DC
25 HZ :400 HZ

Effects

o-1

:::1
21-40
40-100
Over 100

0-4
4-15

15-80
80-160

160-300
Over 300

Percept ion
Surprl se
Reflex action
Muacu(ar idtibitiom
Respiratory block
Usual ly fatat

is lks then the ~aluea shorn fn ta&e 1-1 for

5.2.2 Insulation of controls. Al ( cent rol shafts and bushings thereof should be grounded ultenever pract icab[e.
Alternatively, the control knoba or levers and al 1 attachment screw that can be contacted during use shouid be electrical [y
inau(ated from the shaft.

5.2.3 Grounding to chassis. Growd comection to an electrically conductive chassis or frame shou(d be mechanically
secured by soldering to a spotuelded terminal lug or to a portion of the chassis or frame that has been formed into a
soldering lug, or by use of a terminet on the ground Mire and then securing the terminal by a screw, nut, and lock~asher.
The acre~ shw[d fit in a tapped hole in the chassis or frame or it should be held in a through-hole by a nut. Uhen the
chaasis or ‘frame is made of steel, the metal aromd the screu hole should be plated or timed to provide a corrosion
resistant connect ion. UIWI aluninun a( toys are used, the metal around the grounding screti or bott ho{e may k covered with a
corrosion resistant surface film only if the resistance through the film is not more than 0.002 ohm. Harduare used for
mounting of meters, switches, test points, etc, should ins gromded, hsnever pessible.
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5.2.4 Accidental contact. Sui table protective measures are defined in table 1-II.

5.2.4.1 High current protection. Pouer sources capab[e of supplying high current can & hazardous regardless of the
voi tage at MII i ch they operate because of the arcing and heat generated i f an accidental short circuit occurs. Al I power
buses supp[ying 25 anperes or over should be protected against accidental short circuiting by tools, jeue[ry or removable
conductive asstil ies. This may be acconp( i shed by one or more of the fol (oiiing:

a. Use of guards and barriers;

b. Sufficient space seperat ion to prevent short circuits;

c. Caution - uarning signs.

5.2.4.2 Interlocks. Various equipment designs require different approaches to the use of interlocks. Interlock use does

not modify any other guidel inea of this handbook end must be consistent with equipment or system specif icationa. Equipment
s*-assek4 ies operating in excess of 500 volts shou(d be considered guarded from accidental ccmtact only i f they are
c~tete(y enclosed from the remainder of the equipnent and are separately protected by nonbypessable interlocks. (h
●x~le of en eq.tifssent here such ccuqmtmental ization ia deairebla is ● display unit ~ich utilizes a high voltage pouer
sqJPly for ● cathode ray ttbe. ) MrxMarized or sealed high voltage ●aaadAies which are opened ody at depot level are
exenpt from interlocking guidal fnea when approved by the procuring activity.

5.2.4.3 Permanent terminations. Terminations such as soldered connections to transformers, connectors, splices, ●tc,
which are normal ly permanent and not used during routine maintenance testing, may be protected by permanent insulation such
as shrink sleeving, tubing, insulating shields, etc, provided the material is rated for the potential exposed voltage.

5.3 Mechanical. Design of rack-mounted ~ipnent shou[d maintain the center of gravity as 10U as possible to minimize
tipping over.

5.4 Markinq. MI L- HDBK-600 references knwn electronic items which require marking and may be used as a guide.

5.5 MateriaLs. Certain chemicals heve been identified in the OCct+et ional Safety and Health Act (OSHA) as
cancer-pro&cing stbatancea (carcinogens). Before using any meteriala xhich might contain these chemicals, they should be
evaluated in accordance With 29 CFR 1910.
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VoLtage range

o - 30 vo~ts

30 - 70 vo~ts

> 70 - 500 volts

>500 Vo(ts

TABLE l-II. Suitab(e protective measures. ~

,
Type of protection ~/ I

Guards
and
barriers
(4.4.3.1)

x

Enc 1osures
(4.4.3.2
4.4.4.1)

x

Marking I Interlocks [ Discharge devices I

Caution

(4.7b)

x

Danger Shorting
By-passable gsr~; Automatic rods

(4.7C) (4.4.4.lb) . . . (4.4.5.1) (4.4.5.2)

x

x x x

x x x x

~/ Tab[e is for reference only. See applicable paragraph for requirements.

~1 confine the application of headings to voltage ranges indicated. More than one option may be available
on design requirements.

~/ Although no specific requirements exist for servicing 0-70 volts, designs
possib~e hazards in accordance with table l-I.

~/ Designs may use nonbypassabie interlock applications below 500 volts, but
imp(y complete enclosure.

should be reviewed for

the intent here ia to



1. Purpose. This guide( ine establishes cr

2. Doctsnents amdicable to guideline 2:

MI L- HDBK-f+54

GUIDELINE 2

CAPACITORS

teria for the se(ection and app~ication of capacitors.

MI L-c-39006/22 Catxicitors. Fixed. Electrolytic (Nonsolid Electrolyte), Tantalun, (Polarized, Sintered Slug), 85 C
(V&ltage D&ated ~o 125 C), ” Establ i shed Rel iabi I ity, Styte CLR79-

MI L-c-39006/25 Capacitors, Fixed, Etectro(ytic (Nonsolid Electrolyte), Tantalun, (Po Larized, Sintered Slug) (Extended
Range), 85 C (Voltage Derated to 125 C), Established Ret iabi lity, Sty(e CLR81

MI L-sTD-198 Capacitors, Selection and Use of

3. Definitions. Not appl icabie.

4. Guidelines. .

4.1 $election. Capacitors shou~d be selected and appiied in accordance tiith MIL-STD-198.

4.2 Fixed. tantatun ●tectrolvtic. For Naval Air Systems Consnend, the use of wet slug tantalun capeci tors (except tanta[un
caaed nits in accordance with MI L-c-39006/22 and MI L-C-39006/25) should be a~rovad by the procuring activity, and silver
cased tantalun capacitors should not be used.
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1. B!EINsE.
f lansnabi 1 ity.

2. Docunents

This guideline establishes

MI L- HDBK-45fI

GUIDELINE 3

FLAMMABILITY

criteria for the selection and

acdicable to quideline 3:

MI L-STD-202 Test Methods for Electronic and Electrical Conpment
ASTM 0568 Rate of Burning and/or Extent and Time of Burn; ng of

Method for
ASTM D635 Rate of Burning and/or Extent and Time of Burning of

Test Method for

appl i cat ion of materials with respect to

Parts
Flexibte P[astics in a Vertica L Position, Test

Set f-Supporting Plastica in a Horizomtat Position,

ASTM D1OOO Pressure-Sensitive Adhesive Coated Tapes Used for Electrical Insulation, Hethods of Testing
UL 94 Standard for Tests for Fksnebi (ity of Plastic Materials for Parta in Devices and A@ iances

3. definition. Flmnsbi lity is a coaplex characteristic tdtich conbinea ease of ignition, surface f lemnebi lity, heat
contribution, smoke production, fire gasses, end fire endurance. Flamsebility is ● f!nction of ch~icel conqmaition,
physical configuration, tanperature, ●vaf Labi (ity of oxygen, end retardenta or edditfvee.

4. Guidelines. Materials used in military equipment shwld, in the end item configuration, be noncont)ustible or fire
retardant in the most hazardous condi t ions of atmosphere, pressure, and temperature to be expected in the appl i cat ion. Fire
retardant additives may be usad provided they do not adversely affect the specified performance guidelines of the basic
materials. Fire retardance should not be achieved by use of nonpermanent additivas to the beaic material.

5. Information for quidance only. The test used to determine the f lamnsbi 1 ity of material should be the test specified in
the material specification. Since some materials may change state or characteristics re(ative to f lensnsbi lity during
application, tests may be performed on the end i tam materials mixed/blended/saturated/ i~regneted/ layered and processed to
simulate the final configuration in tha ●nd equipment usage.

5.1 $)ther f lannsbi litv test. 1 f the specification does not have such a test, testing shouid be in accordance ui th ASTM
D568, ASTM D635, ASTM D1OOO, or MI L-STD-202, method 111, as applicable.

5.2 Other materials. Materials not covered by the above tests should be tested in
the procuring act ivi ty. UL 94 ia a usefu( guide to develop test methods end off era a
f lessnsbilfty.

accordance ui th a
cooperative scale

procedure a~rovad by
to define degree of
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GUIDELINE 4

FUNGUS- INERT MATERIALS

1. ?!JQQSS. This guide[ ine identifies those materia[s which are acceptable nonnutrients of fungus and establishes
conditions under uhich fungus nutrient materials are acceptable.

2. Docunents amticable to guideline 4:

MIL-T-152 Treatment, Hoi sture and Fungus Resistant, of Cotwnunications, Electronic, and Associated Electrical
Equipment

I!l L-V-173 Varnish, Moisture and Fungus Resistant (For Treatment of Cmnunicatima, Electronic, and Associated
Equipment)

M1L-STD-81O Envi romnental Test Methods end Engineering GuideL ines
29 CFR 1910 Code of Federal Regulations

3. j)efinitions. ,

3.1 1- -inert ma terial. A material uhich, in ●ll modifid states and gradea, is not o twtrient to fmgi.

3.2 Fung icicle. A substance that destroys or irhibits the grouth of fmgi.

4. Guidelines.

4.1 Preferred materials. Fungus- inert materials listed in group 1 of tabie 4- I are preferred for use. These meteria(s
need not be tested for fungus resistance prior to use. The appearance of a particular material in table 4- I does not
constitute approval for its use except f ran the viewpoint of the resistance of the materisl to fungi.

4.2 Acceptable materials. Those meteria~s listed in group 1 I of tab(e 4- I may be used, provided it has been demonstrated
that they meet the guidd ines of 4.4. When meteria(s are capomded with a permanently effective ftmgicide in order to meet
the fmgus test guide( ins, there should be no loss of the original ●lectronic or phyeica( properties required by the basic
materia( specification. Fmgicidea containing mercury should not be used.

4.3 Hermetical [Y sea[ed aooltcations. Fmgua nutrient materials may be used retreated within hermetically sealed
enclosures.

4.4 F- ue testfng. Gr~ 11 materiala should be s~]ected to the fwtgus test specified in MIL-STD-81O, method 508, for a
period of 2a days. Certification by a WS[ i f ied laboratory or by the material producer, based on test data on record that
the materiat meets grade O or grade 1 guide~ ines of table 508-1, method 508, MI L-sTD-81O, is sufficient evidence of
acceptabi 1 i ty.
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TABLE 4-1. FuM i susceptibility of mater iats.

Group 1 - Funeus- inert materia~s

~Fungus - inert in al 1 modified states and grades~

Acry(ics ~
Acrylonitri \e-styrene
Acrylonitri Ie-vinyi -ch Loride

copolymer
Asbestos
Ceramics
Chlorinated po(yester
Fluorinated ethyl enepropylene copolymer

(FEP)
G t 6SS
Metals
Mica
Piaetic laminates:

Si(icone-glass fiber
Phenol ic-nylon fiber

Dia(lyl phtha(ate
Polyacrylonitri(e

Po(yamide
Po[ ycarbonate
Polyester-glass fiber laminate:
Polyethylene, high density

(above 0.94D)
Polyethyiena terephthalate
Polyimide
Pol~chtorot ri f luoroethyl~
Polypropylene
Po(yatyrana
Polysulfona
Polytetraf luoroethyl ens
Pol~iny(idene chloride
Silicone resin
Siloxana-po(yolefin pol~r
Si (oxana polystyrene

Grow il - Furva us nutrient materia(s

(May require treatment to attain fungus resistance)

ASS (acrylonitri le-butadiane-atyrene) Polyethylene, low and mediun
Acetal resins density (0.940 and belou)
Cel lu(ose ●catate Potymtathyl methacrylate
Ce( lu(ose ●cetate butyrate Polyurethane (the ester types
Epoxy-glass fiber lminatea ●re particularly susceptible)
Epoxy-resin Polyricinoleates
Lubricants Polyvinyl chloride
tiel-ina-formaldehyde Polyviny[ chtoride-acetate
Organic polyaul idea

del?
Polyvinyl fluoride

Phanol-fomml * Rthbars, natural and s~thet ic
Pol ydi ch lorostyrena Urea-formaldehyde

1/ Literature shous that molar certain conditions w~wnides maY be attacked by selective--
military applications, they are considered gro@ [~

5. Information for guidance on(v.

5.1 Process-related materials. Processing materials to be tested for fungus resistance
paint, ink, coatinga, adhesives, l~ricanta, viscous danping fluids, silicone grease, etc,
50 m scpres or circles no more than 1.6 nsn thick for testing. Liquid or paste materials
to saturation a steri Le sanple of g(ass fabric.

micro-organisms. However, for

in accordance uith 4.4, such as
ahou(d be prepared in the form of
shotdd be prepared by impregnating

5.2 Parts treatment. Uhan treatment of parts is required to form f wgus- resi stant mater ia(a, a Moisture and Funws
Proofing (MFP) varnish conforming to MIL-V-173 may be applied in accordance with MI L-T-152 after the part is cleaned. The
MFP varnish shou(d not be applied to any part where the treatment Hi 11 interfera with performance.

5.3 Care i nogens. Certain chemica(s have been identified in the Occupational Safety and Health Act (OSHA) as
cancer-producing subst antes (carcinogens). Before using any materia(s uhich might contain these chemicals, they shou(d be
evaluated in accordance iii th 29 CFR 1910. Consideration of the toxicity of a substance should be given prior to materia(
selection.
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GUIDELINE 5

SOLDERING

1. ~. This guide~ine establishes the basis for so(dering of elect rica( ad electronic equipment.

2. Docunents acmlicable to guide(ine 5:

kilL-sTD-2ooo Standard Requirements for Soldered Electrical and Electronic Assenbl ies

DoD-STD-l&% Soldering Process, Generat (Non-Electrical) (Metric)

3. Definitions. Not appl icab(e.

4. GuideLines.

4.1 Genera(. Electrical and Electronic equipment shoutd be assenbled, soldered, and c(eaned in accordance ~ith the
guidelines of I! IL-STD-2000.

4.2 ~t ructurel solderfnq. Nondectrica( so(dered comactions should be in accordance uith the guidelines of ~-STD-1866.

4.3 ilorkmanshi~. Uorkmsnsh ip of so[dered assenbl i es should be in accordance ui th Ml L- STD-2000 or 000- STD - 1866 as
appropriate.

5.0 Information for guidance only.

5.1 Amlication. Ml L-sTD-2000 expresses the minimun gui&[ i nes appropriate to the maruf acture of electrical and
electronic equipment. It may be necessary to supplement the guidelines of MI L-sTO-2000 in order to achieve higher
reliabi lity guidelines associated with critical equipnent applications (space, nuclear ordnance, comnand/control, etc.).
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GUIDELINE 6

BEAR 1NGS

1. Purcase. This guideline establishes criteria for the selection and application of bearings.

2. Docunents apd icab(e to guideline 6:

FF-B-171
FF-B-185
FF-B-187
FF-B-195
MI L-B-3990
HIL-B-5687
MIL-B-8942
HIL-B-8943
MfL-B-8948
HIL-B-135D6
MIL-B-17380
MIL-B-81744
NIL-B-81793
HIL-B-81934
MIL-B-81936
141L-STD-1334

Bearings, Ba( (, Anndar (Genera[ Purpose)
Bearings, Ro((er, Cylindrical; and Bearings, Roller, Self-Aligning
Bearing, Roller, Tapered
Bearings, Steeve, (Bronze, Plain or F[anged)
Bearing, Roiler, Needle, Airframe, Anti-Friction, Inch
Bearing, Sleeve, Uaahers, Thrust, Sintered, Metal Pouder Oi 1 lnpregnsted, General Specification for
Bearings, P{ain, TFE Lined, Self-Aligning
Bearings, Journs(-Plain and FLanged, TFE Lined

,Bearing, Plain Rod End, TFE Lined, Self-Aligning
Bearing, Sleeve (Steel Back4)
Bearfng, Rol (er, Thrust
Barrier Coating Solution, L&icent Migration Deterring
Bearing, Sat (, Amular, for Inst~ts and Precision Rotating Consonants
Bearing, Sleeve, Plain and Flanged, Self-Lubricating
Bearing, Plain, Se(f-A(igning (BeCu, CRES Race)
Process for Barrier Coating of Anti -Friction Bearings

3. Definitions. Not appt icab[e.

4. Guide Lines.

6.1 Selection and abdication. Bearings best suited to meet the physical, functional, envirorsnantal and service life
guidelines of the application should be selected from those ccmforming to one or more of the specifications listed below.
Replacement of the bearing should be possible Hi tlwut use of special toots unless such provisiona would adversely af f act the
proper functioning or service life of the bearing.

FF-U-171 ML-B-5687 MIL-B-17380
FF-B-185 UIL-B-8942 MIL-B-81793
FF-B-187 ML-B-8943 NIL-B-81934
FF-B-195 MI L-B-8948 NIL-B-81936
WL-B-3990 MIL-B-13506

4.2 Ltbricant. Adequate lubricant shouid be provided either within the bearing or externally in the form of oil
reservoirs or grease re[tkmication facilities except as noted in 4.3. Uhere ldricant replenishment is required, precaution
shou[d be taken to prevent purged or Lost (~ricant frcm entering and adversely affecting the operation of the electronic
equipment. Nhere bearings coated uith preservative are installed in closed housings, the preservatives should be conpetible
uith the [bricant used in the assemb(y.

4.3 Unlubricated bearings. Unlubricated bearings or bushings may be used only in applications ~here the presence of a
ltiricant Wld be mclesirable or detrimental and the functional, envirotniental and service life guidelines can be met in
this condition.

4.4 ~arrier costing. Bearings requiring a barrier coating should be coated in accordance uith MI L-sTD-1334. Barrier
coating msteria[ shou(d conform to MI L-B-81744..

4.5 Seals and shields. All rolling e~ement bearings should be adequately protected by seals or shieids on the bearing or
instal[ed in housings uhich provide adequate shielding to prevent foreign matter from entering the bearing.

4.6 Electrical qrounding. Ball and roller bearings used for rotating an eiectrical(y energized equipnent should be
e(ectrica((y shunted to avoid current flow through the bearings.

6.7. Aligrecent. Bearings shou(d be (ocated to ensure proper shaft aligrsnent and support.
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5. Information for guidance only.

5.1 Self -tubricatin9 bearings. Permanently [ubricated bearings or bushings of plastic, metal lic-p(astic ctiinations, or
all metallic materials with or biithout dry film Ibricants may be used provided wear products produced during operation will
not cause or contribute to faiture of the electronic equipnent or bearings.

5.2 Unlubricated bearings. For se~ection of low friction, (ong [ife, unlubricated bearings refer to MI L-B-8942,
NIL-B-8943, and MIL-B-8948.
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1. !!LQQSE. This guidetine establishes
assenbl i es.

2. Docunents armlicable to wideline 7:

design

MI L-STD-280 Definitions of Items Leve[s,

MI L-STD-1547 Electronic Parts, Materials,

3. Definitions.

MI L- HDBK-454

GUIDELINE 7

INTERCHANGEABILITY

criteria to assure the interchangeabi [ ity of parts, subassembly ies, and

Item Exchangeabi 1 ity, Mode[s, and Re(ated Terms

and Processes for Space and Lawich Vehicles

3.1 Assenbtv. interchangeable i tam. RSrt. subasaenbl y and substitute i tern. The terms assenWy, interchangeable i tam, part,
stissentdy and sti.titute item are defined in MI L-sTD-280.

3.2
other

4.

4.1

StafuiardDartq. For Air Force
+ipments, standard parts are

GuideLines.

apace and \etnch vehicles, standard parts are as described in MIL-STD-1547. For 8(1
defined in the applicable general spacif i cation or contract.

Design tolerances. Design tolerances should permit parts, stissenbl ies and aaseniA i es to be used in their parent
asstil ies Hi thwt regard to the source of supply or manufacturer. Parts, sdxwsemb~ ies ard assenbl ies having the” ful 1 range
of dimensions and characteristics permitted by the specification governing the part, subessenbly or assenbly should be usab(e
as replacement items uithout selection and without departure from the specified performance guidelines of the parent items.

4.2 Parts and meter ia(s. Uhen permission is granted to use a nonstandard pert or material because the existing standard
part or material is not avai (able, the equifsnent shou[d be so designed that the nonstandard pert or material and the standard
pert or material are interchangeable. When the specification for the pert or atetarial contains stititutabi lity or
supersession information, the design shw[d permit the substitute or s~rsedi ng parts or materials to be used
interchangeably.
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GUIDELINE 8

ELECTRICAL OVERLOAO PROTECTION

Purpose. This guideline establishes the criteria and philosophy for e(ectrica( overload protection.

Docments am( icab[e to guideline 8:

MI L-STD-280 Definitions of Item Levels, Item Exchangeability, Models, and Re~ated
MI L-STD-1539 Electrical Power. Direct Current. Soece Vehicie Design Requirements. .
NFPA 70-lWO Nationat E(ectri~a{ Code

Definitions.

3.1 Ctass 1 euuioment.

3.2 Class 2 eauioment.

3.3 $1 8ss 3 eouiomen t.

Ground and shipboard, including

Married aerospace equipment

Urmwmed aerospace eqdpmant

Terms

test and checkout ground equipment

4. Gufda[iq. The guidelines specified herein shou(d e@y only to ~ipmant and systems as defined in MI L-STD-280 for
class 1 and c(ass 2 equipment and 141L- STD-1539 for class 3 ecpipisent.

4.1 Protection for c(ass 1 ewiunent.

4.1.1 Current overload Drotect i on. Current over load protect ion shoutd be provided for primsry circuits. Devices such as
fuses, circuit breakers, time delays, cutouts, or sol id-state current-interruption devices should be usad to open a circuit
whenever an over Load condition occurs. No overcurrent protective device should be connected in series With any conductor
which is growxkd at the power source un[ess the device simultaneously opens al ( load conductors in the circuit and no pole
operates indqmdantly, or as otherwise al (oued by the National Electrics( Cede, NFPA 70. Protective devices for wired-in
equipment should be connected to the load side of the equipment pouer witch (main circuit pouer disconnect). For portable
aquipmnt a separab(e comector or the attachment plug and receptacle should serve as the stein circuit power disconnect am.1
the protective device may be on either the 1 ine side or the load side of the ~ipment on-off switch.

4.1.2 ~. Were fusea are used, at least one ●xtra fuse of ●ach type and rating used should be W@ ied and attached
to the applicable uiits of the equipment. Panel -niountad fuse posts should be such as to permit renewal of fuses nithwt use
of tools.

b. 1.3 Circuit breakers. Circuit breakers should give a visual indication when tripped. Hotding the snitching device
closed on an overload should not prevent tripping of the breaker. Multi-pole circuit breekers shou(d be used for three-phase
equipment and should disconnect al 1 phaaes if an overload occurs in any one phase. Circuit breakers should not be used as
sui tches un(ess such breakers have been speci f i cel Iy designed and tested for that type service.

4.2 Protection for class 2 eauicment.

4.2.1 Current overload protection. Current overload protect ion for the equipnent should be provided by fuses or circuit
breakers. Circuit breakers should not be used as s~i tches unless such breakers have been specif ical 1y designed and tested
for that type service.

4.2.2 Share fusea. Wan fuses are used, a minimun of one spare fuse for each size and rating but a quantity of not less
than 10 percent of the tota[ should be incorporated in the equipment and should be contained in the same compartment.

4.3 Protection for class 3 eouiunent. E(ectricat over(oad protection shou[d not be provided in individual boxes or
systems receiving power.

5. Information for guidance only.

5.1 Location. Over Load protection for the equipment should be provided therein. For class 1 and class 2 equipnent, al[
protective devices enp(oyed in the equi~nt shou[d be in a readily accessible, safe location.

5.2 Resettable circuit protectors. Circuit breakers or other resettab[e devices should be used to protect crit ica[ “
circuits, or where predictable overloads or surges occur because of pecu( iar equipnent functions or operator effects which
are unsvoidab(e.
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GUIDELINE 9

WORKMANSHIP

1. Purpose. This guideline establishes the acceptable ~orkmanship criteria for electronic equipnent. This guideline wilt
define those workmanship guidelines not normal ly covered in subsidiary specifications or drauings.

2. Docunents am(icab(e to guideline 9. Not applicable.

3. Definitions. Not app( i cable.

4. Guidelines.

4.1 Cteaninq. After fabrication, parts and assenb~ed equipment should be cleaned of amu.dges; loose, spattered, or excess
sotder; wld metal; metal chips and mold release agents; or any other foreign material thich might detract from the intended
operation, function, or appearance of the equipnent.

4.2 Jhreededw ris or devices. Screw, nuts and bolts should shou no ●violence of cross threading, wtitation, or
detrimental or hazardous burrs, ●nd shoutd be ffmlyaecured.

4.3 Bearina assedies. Bearing aasesbliea ahodd be free of rust, discoloration, end i~rfectione of ground, honed, or
(appad surfaces. Contacting surfaces should be free of tml marks,
should be no detrimental interference, binding, or galling.

4.4 Uirinq. Uires ard cables shou(d be positioned or protected
sharp edges and to avoid damage to conductors or adjacent parts.

4.5 Shielding. Shielding on wires and cables should be secured
shorting exposed current-carrying parts. The ends of the shielding

5. Information for guidance only.

gouge marks, nicks, or other surface-typ? defects. There

to avoid contact with rough or irregular surfaces and

in a manner that Hill prevent it from contacting or
or braid should be secured to prevent fraying.

5.1 $ontairment. The harness and cab[a form ccmtaiment means should be neat in appearance, uniformly apptied, and
positioned to retain critical form factors end breakout locations. The containment means (lacing, ties, tiedom atrapa, etc)
ehould not cause the uire or cabie insulation to deform so that performance characteristics are edversety affected.

5.2 Jnaulatim. There should be no evidence of burns, abrading, or pinch marks in the
circuits or (eakage.

5.3 Clearance. The clearance bet~een Hires or cables end heat generating parts should
deterioration of the uires or cables.

insulation that could cause short

be sufficient to minimize
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GUIDELINE 10

ELECTRICAL CONNECTORS

ine establishes criteria for the selection ad application of electr ca( connectors.

Docunents applicable to guideline 10:

MI L-J-641
MI L-P-642
MI L-C-10544
MI L-c-12520
MII.-C-296OO

HIL-c-38999

MI L-c-55116
MI L-c-55181

MIL-A-55339
MIL-C-83503

MI L-STD-1353
MI L- STD-1646
MI L-STD-2120
EIA-297-A

definitions.

Guidelines.

Jack, Te(ephone, General Specification for
Plug, Telephoner and Accessory Screw, General Specification for
Connector, Plug and Receptacle (Electrical, Audio, Waterproof, Ten Contact, Polarized)
Connector, Plug and Receptacle (Electrical, Waterproof), and Accessories, General Specification for
Connector, Electrical, Circutar, Miniature, Conposite, High Density, Quick Coup[ ing, Environment
Resistant, Removable Crip Contacts
Connectors, Electrical, Circular, Miniature, High Density, Quick Disconnect (Bayonet, Threaded, and
Breech Coupling) Envi rornbent Resistant, Removable Crinp and Hermat ic Solder contacta, General
Specifications for
Comactors, Miniature, Audio, Five-Pin and Six-Pin
Comectors, Plug and Receptacle, Intermediate Power (Electrical) (Waterproof) Type MU, General
Specification for
Adapters, Connector, Coaxial, Redio Frequency (Between Series and Ui thin Series)
Connectors, Electrica~, Flat Cable, and/or Printed Wiring Board, Nonenviromnantat, General Spacif i cation
for
Electrical Connectors, Plug-In Sockets and Associated Hardware, Selection and Use of
Servicing Tools for E(ectric Contacts and Connections, Se(ection and Use of
Connectors, Electromagnetic Interference (EM I ) Filter Contact
Cable Connectors for Audio Faci I i ties for Radio Broadcasting

Not applicable.

4.1 Setectiom.
herein. Intended use information csmtained in the individual connector specifications should be considered prior” to making

Selection and use of electrical connectors should be in accordance with MI L-STD-1353 and as specified

comector se~actiona. Contact crinp, installing and removal tools should be in accordance uith ?!IL-sTD-1646 or as specified
in the individual connector spscificatione. NoWewr, contractors smy use tooling ●s racomandsd by the contact or tooting
mmtuf acturer provided that the finished crinp meets al 1 of the perf ormsnce guidal inas of the contact ●nd ccenector
specificatic+-i. The variety of these tools required ~ithin a system should be kept to a minimun. Maintenance instructions
and other date supplied by the contractor should list the mi 1 itary standard tools and contacts.

4.2 Audio frequency and ccmnunication connectors, stxcial purpose. Correctors conforming to M1L-c-10544 or MI L-c-55116
should be used in audio frequency applications, such as head sets and chest sets, excluding pi (otsj helmets. For 10U level,
three uire and audio input circuits in fixed plant nontactical sound equipment, corvtectors conforming to E IA-297-A should be
used.

4.3 Connectors ui th thermocow(e contacts. All comectors used in conjunction with thermocouples should have their contact
materials identified by one of the foliowing methods:

a. Nameplate securely attached to each connector half or mowited on the panel-mounted receptacles.

b. Insulation sleeving or other markers designed for attachment arowxi wire bundles. Markers should be attached
adjacent to the plug. Contact materials should be identified uith abbreviations in accordance with table 10-1.
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TABLE 10-1. Abbreviations for thermocouple materials.

Chromel CR
Atune( AL
1ron FE
Constantan CN
Copper Cu
P(atinun PT
Platinun
Rhodium PT RH
Rheniun RE

Coba 1t
Tungsten
Rhenim
Tungsten
Iridim
Rhodiun
Iridiun
Rhodiun
Ho lybdenun
Gold

co

U RE
u
lR
RH

lR RH
Mo
AU

4.4 Heaw duty connectors.

4.4.1 Pouer connd ctors <40-200 emeree~. All power comactors for any growd application should conform to section 102 of
MIL-sTD-1353 end should be used with heavy My Jacketed cable as specified on the insert standards.

4.4.2 Gene \ Durwa e end shioboerd Comectors for general purpose heavy &y ●ppl icatione end shipboard pwer
applications ~ould conform to section-102 of MI L-sTD-1353. Connectors used for external applications should be pressurized
and waterproof in the meted and ursnated condi t ion in accordance ~i th the guidelines of classes C or L. Connectors used
internal ly (within a protective enclosure such as a shelter) may be in accordance with class R provided waterproofing or
pressurization is not a guideline for the application.

4.4.3 Right angle DOwer and control (Armv only)-. In application where right angle bend is required, center 10cI
wlticontact connectors should conform to MI L-C-12520 or NIL-C-55181, as applicable.

4.5 General utility connectors. Polarized connectors are the preferred styles and shou(d be used where automat
grounding must be provided to insure safety to equipment and persomel. Connectors for genera 1 ut i 1 i t y power appl
should ccmform to section 106 of MI L-sTD-1353.

4.6 P\uQs and iacks (teleohone tvmel. Telephone type jacks and plugs should conform to NIL-J-641 end MIL-P-642

Sc

c
cat

4.7 Jest jacks. Teat jacks should conform to section 105 of Ml L- STD - 1353. Jacks or receptacles for use as rf teatpoints
shou[d be se(act~ in accordance with 4.8.

4.8 Rf connectors. Rf connectors shou[d conform to section 200 of MIL-STD-1353. Adapters used ui th rf connectors should
conform to MI L-A-55339.

4.9 Connectors for printed uiring. Printed circuit connectors shoutd conform to Section 104 of MI L-STD-1353.

4.10 Connector ni ring. Multiple conductors may terminate in a contact provided the sun of the cross sectionat areas of
the conductors does not exceed the maximun cross sectional area for which the contact is rated. Not more than one wire
should be routed through any hole i n the gronsnat of an envi rorwnantal 1y seated connector.

4.11 Extra contacts. The following guidelines are applicable to all articles of equipment, except those in which it is
un(ikely that additional circuits wilt be required.

4.11.1 Quantity and (ocation. unused connector contacts or contact positions for external circuits should be provided for
future use, and should be Located on the periphery (outer contacts) of the connector. The minimum quantity should be as
specifid below:

Tota[ nmber of used Unused contacts or contact
contacts i n connector positions required (rein)

1 through 3 1 (optionat)
4 through 25 2
26 through 100 4
101 or over 6
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4.11.2 Extra connectors. An extra connector should not be used to
procuring activity.

meet this guideline uithout the approval of the

4.11.3 Size and rating of extra contacts. The size and rating of extra contacts shou(d be compatible with other contacts
within the connectors.

4.11.4 Crimp contact connectors. Uhen cri~ contact environmental (y seated connectors are used, at ( contact positions
should be f i 1 ted with contacts.

4.11.5 Sealing Dlugs. Sea( ing plugs should be inserted in the grommet ho(es of unused contacts in envi rorunental lY seated
connectors.

4.11.6 Potted connectors. For potted connectors, each unused contact should have a maximun gauge wire of 150 tnn minimun
length attached and identified with the contact designation for future use. For connectors externa( to the unit, the wire
end ahw[d be suitab(y capped to prevent moisture from antering the connector.

4.12 Protect ive &asures. Al 1 umnated cceswctors should be protected with metal or plaatic caps or otheruiae suitably
protected &ring maintenance, storage and shipent. Protective caps specified by military specifications or military
standarda ●nd designed for smting uith specific connectors should be used. (hated connectors Aich may contain electrica([y
ahotl~ circuits while in envi romnental ly hazardous areas shodd be covered with moistureproof and vaporproof caps. Connectors
on enclosed cabinet mounted equipment need not be provided with protective caps unless an envi rormnental hazard exists.

4.13 connectors for round conductor flat cab~e. Connectors for use uith flexible round conductor flat cable should
conform to MI L-c-83503.

4.14 F i reproof connectors. Fi reproof and f i retial 1 connectors should be class K and should conform to Section 101 of
MI L-STO-1353. Where it is necessary to maintain electrical continuity for a limited time under continuous flame, both the
receptacle and mating plug should be c(ass K. If flame integrity only is necessary ~ithout the need for electrical
continuity, a class K receptac~e should be used, but the mating plug may be of any type and class. In atl cases, the plug
and receptacle should be envi rorsnent resisting.

4.15 Filter oin comectors. Electrica[ connectors incorporating filter pins should be considered for use ordy uhen
conventional ●lectrical filters are not acceptable. then used, filter pin connectors ahotdd conform to MI L- STD-2120.

4.16 couoo site connectors. Uiniature composite envirorsnent resisting connectors should conform to HIL-C-2%00 or
MI L-c-38999.

5. Information for guidance only. Hot appi i cab\e.
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GUIDELIME 11

INSULATING MATERIALS, ELECTRI CAL

1. Purmse. This guide(ine establishes criteria for the selection ad a~(ication of electrical insulating materials.
Insulating meteria[s used for encapsulation and enbdnent (potting) and for conforrml coating are excluded from this
guide[ine.

2. Docunents amlicabte to guide(ine 11:

L-P-516
HH-I-553
MI L-I-1O
MI L-M-14
MIL-1-631
MIL-1-3158
MI L-1-3190
NIL- 1-3825
MIL-1-7444
MIL-T-13020
)UL-1-15126
MI L-1-17205
MI L-I-18746
HIL-I-19166
MI L-I-22076
HIL-I-22129
MIL-I-23053
NIL-I-23264
MIL-I-23594
tlIL-I-24092
MI L-I-24204
MI L-I-24391
MIL-1*24768
MIL-I-24768/2
MI L-I-24768/3
MIL-I-46852
MI L-1-49456
HIL-1-81765
MfL-I-85080
SAE-AMS 3638

SAE-AMS 3653
SAE-AMS 3654
SAE-AMS 3655
ASTH D3295
29 CFR 1910

3. Qefirlitions.

Plaatic Sheet and Plastic Rod, Thermosetting, Cast
Insulation Tape, Electrical (Rubber, Natural and Synthetic)
Insulating Ccsqound, Electrical, Ceramic, CLass L
Holding Plastics and Molded P(astic Parts, Thermosettiog
Inautation, Electrical, Synthetic-Resin Coqmaftion, Nonrigid

.Insutation Tape, Electrical, Glass-Fiber (Resin-Filled), and Cord, Fibrous-Glass
lnsu(ation Sleeving, Electrical, Ftexible, Costed, General Specification for
Inaut@tion Tape, Electrical, Self -Fuai~: For Uaa in Electrodes, C~icationa, and Allied Equipment
Inadation Sleeving, Electrical, Flexible
Tape, Rdbar, unvulcanized, Sp( icing end McAding (Tapes TL-317/lJ and TL-318/LJ)
Insulation Tape, Electrical, Pressure Sensitive Acheaive and Pressure Sensitive Thermosetting Adesive
Insulation CLoth and Tape, Electrical, G[ass Fiber, Varnished
Insulation Tape, Nonadhering, Gtass Fabric, Po[ytetrafluoroethy lene Coated
Insulation Tape, Electrical, High-Temperature, Glass Fitxr, Pressure Sensitive
Insulation Tubing, Electrical, Nonrigid, Vinyl, Very LobJ Temperature Grade
Insulation Tubing, Electrical, Polytetrafluoroethy lene Resin, Nonrigid
[nsu[aticm S(eeving, Electrical, Heat-Shrinkable, Generai Specification for
[naulators, Ceramic, Electrical and Electronic, General Specification for
Insulation Tape, Electrical; High Temperature Polytetra-flwroethy lene, Pressure-Sensitive
Insulating Varnish, Electrical, Inpregnet ing, Solvent Containing
Insulation, Electrical, High Tenparature, Bonded, Synthetic Fiber Paper
Insulation Tapa, Electrical, Plastic, Pressure Sensitive
Insulation, Plastics, LamiMtad, Thermoaetting, Ganerat Spacificaticm for
Insulation, Plastics, Laminated, Thermoaetting, Gtass CLoth, Epoxy-Rea
Insulation, Plastics, Ldneted, Thermoaetting, Glass Cioth, Epoxy-Rea
Insulation Tapa, Electrical, Self -~ering, Una~rted Si (icons RLhber
insulation Sheet, Electrical, Silicone Rtir, Thermelly CcwA#ctive, Fiberglass Reinforced
Insulating Components, Motded, Electrical, Heat Shrinkable, General Specification for
lnauiatiom S[eeving, Electrical, Shrinkable Uithout Heat, General Specification for
Plastic ttiing, Electrical Insulation, Irradiated Polyolefin, Pigmented, Semi-rigid, Heat-Shrinkable 2
to 1 Shrink Ratio
Tubing, E(ectricai Insulation, Standard Ua ( (, Extruded Pol ytetref luoroethylene (PTFE)
Tubing. E(ectrica( Insulation. Light Ual t. Extruded Polytetraf luoroethylene (PTFE )
lubi~: Electrical Insulation: Thin Ua(L, -Extruded Potytetraf luoroethylene (PTFE)
PTFE Tubing, Specification for
Coda of Federa( Regulations, Title 29, Chapter XVII, Part I91O

Not appl icab(e.

4. Guidelines.

4.1 Ceramics. Ceramic conpounds should conform to MI L-1 -10. Ceramic insulators should conform to MI L- I-23264.

4.2 Electrical tape. Tape should be se(ected from the types in 141L-1-3158, MIL-1-3825, MIL-T-13020, MI L-1-15126,
MI L-I-17205, MI L-I-18746, MI L-1-19166, MI L-I-23594, MI L-I-24391, and MI L-1-46852.

4.3 S(eeving and tubing. Sleeving and tubing shou[d conform to MI L-I-631, MI L-I-3190, MI L-I-7444, HIL-I-22076,
MIL-I-22129, MI L-I-23053, MI L-1-85080, SAE-AMS 3638, SAE-Ak!S 3653, SAE-AMS 3654, SAE-AMS 3655, or ASTM D3295. MI L-I-631
should also apply to fitm, film tape, sheet and sheet tape forms of insulation.

4.4 P(astic. thermosetting. cast. Uhen used for electrical insulation, parts fabricated from cast thermosetting plastic
materials should be in accordance uith L-P-516.
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4.5 Plastic, thermosettina. [eminated. ?iateria(s selected should conform to MI L-P-18177, MI L-1-24768/2 and /3 or
MI L-1-24204. The preferred base is glass cloth. Electrical insulators fabricated from laminated thermosetting-pl astic
sheets, p(ates, reds and tbs (except transparent p(astics) should be treated after al ( machining and punching operations
nith a suitable moisture barrier un~ess the p[astic has a moisture absorption of 1.0 percent or less or is used in a
hermetical 1y sea lad container.

4.6 Plastic. thernmetting. molded. Materials used to mo(d electrical insulators should conform to MI L-H-14. Mo\rled
parts hich undergo shequant machining should be vacuun inpregnetad uith a suitable moisture barrier material and dried
after al 1 surface-breaking operations have been c~teted. Cotton and linen should not be used as fi ~ler meteria~ in any
electrical insulator. Materials having
containers, need not be impregnated.

4.7 Varnish. insulating. insulating

moisture absorption of

4.8 Heat shrinkable insulators. For
re(ief boots or encl.mure feed throughs, the material should conform to M[L-I-81765.

varnish shotdd conform

applications requiring

1.0 percent or less , and those used in hermetica~iy seated

to PHL-1-24092.

heat shrinkable insulators other than sleaving, such as strain

4.9 nc~ll~ c-tfv~ insulators . ~licatiorw thich rec#iree the-l ly conductive insulator betnaan haat generating
parts end their beet sinks should use a materiet in accordance with MIL-I-49456 if silicone grease is not suiteb(e.

4.10 Po(winyl chloride. Polyvinyl chloride insulating materials should not be used in aerospace applications. Their use
in other applications raquires procuring activity approval.

5. Information for guidance on(y.

5.1 Selection criteria. Insulating meteria(s
such as:

a. Tenparature endurance

b. Moisture absorption and penetration

c. FUUUS resistance

d. Dielectric strength

●. Dielectric constant

should be selected based upon meeting or exceeding application guidelines,

f. Mechanical strength

9. Dissipation factor

h. Ozme resistance

i. Ftmbitity

5.2 Carcinogens. Certain chemicals have been identified in the occ~tional Safety ad Hea(th Act (OSHA) as
cancer-producing substances (carcinogens). Before using any materials ~ich might contain these chemicals, they should be
evatueted in accordance uith 29 CFR 1910. Consideration of the toxicity of a substance should be givan prior to material
selection.
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GUIDELINE 12

FASTENER HARDUARE

~. This guideline estab{ ishes criteria for the select ion and application of fastener hardware.

Docunents awlicable to guideline 12:

FF-B-575
FF-N-836
FF-R-556

FF-S-85
FF-S-86
FF-S-92
FF-S-200
FF-S-21O
FF-U-S4
FF-U-92
FF-U-1OO
11-s-1732
FED- STD-H28
MI L-S-1222
MI L-F-5591
MI L-R-5674
MI L-B-6812
MI L-S-7742
NIL-B-7838
NIL-R-7885
MI L-R-8814
MIL-B-8831
MIL-S-8S79
MIL-F-18240
MIL-T-22361
MI L-S-22473
MIL-R-2297B
MI L-R-24243

MI L-N-25027
MI L-R-27384
HIL-s-46163
)4s33522

HS33540
MS33557
NAS498
NAS547
NAS1686
NAS1687

Bolts, Hexagon and Square
Nut, Square, Hexagon, Cap, Slotted, Castle Knurled, Uelding and Single Bali Seat
Rivet, Sotid, Small; Rivet, Spiit, Smelt; Rivet Tubular, Small; Flat Uasher (Burr); and Cap, Rivet,
Generai Purpose
Screw, Cap, Slotted and Hexagon- Head
Screw, Cap, Socket-Heed
Screw, Machine; S(ottad, Cross Recessed or Hexagon Head
Setscrews; Hexagon Socket and Spl ina Socket, Headeas
Setscreua, Square Heed and Slotted Haedless
Uaahera, Lock (Spring)
Uaaher, Metal, Ftat (Plain)
Uasher, Lock (Tooth)
Sealing Conqwstd, Pipe Joint and Thread, Lead Free, Genera( purpose
Screw-Thread Standards for Federal Services
Studs, Bo( ts, Hex Cap Screws, Socket Head Cap screws and Nuts
Fasteners, Panel; Nonstructural
Rivets, Structural, Aluninun A(ioy, Titaniun Colmbiun A((oy, General Specification for
Bo(ts, Aircraft
Screw Threada, Standard, Optimun Selected Series; Genera[ Specification for
Bolt, Internal Wenching, 160 KS I FTU
Rivets; El ind, Structural, Pull-Stem and Chemical iy Expandad
Rivets, B(ind, Nonstructural Type
Bo[t, Tenai le, Steel, 180 KS] FTU, 450”F, External Urenching, Flanged Need
Screw Threads, Control led Radius Root uith Increased minor DiIsneter, General Specif fcation for
Fastener, External ly Threadad 250” F, Se(f -Locking, Element for
Thread Conpowd, Antiaaize, Zinc Dust-petrolatum
Sealing, Locking and Retaining Compomda: (Sfngle-conponant)
Faatener, Rotary, Quick-Operating, High Strength
Rivet, Blind, Nonatwctural, Retainad Mandrel, Open-end, Domed Heed, Alunirxmt Alloy,
Carbon Stae(
Nut, Self-Locking 250” F, 450”F, and 800° F
Rivet, Blind, Orive Type
Sealing, Lubricating, and Uicking Conpounds: Thread Locking, Anaercbic, Sing(e ComFQnent
Rivets, Blind, Structural, Mechanically Locked and Friction Retainer Spimile, (Reliability and
Maintainability, Design and Construction Requirements for)
Safety Ui ring, and Cotter Pinning, General Practices for
Nonstructural Rivets for Blind Attachment, Limitations for Design and Usage
Bolts, Shear, 95 KS1 FSU
Fastener, Rotary, Ouick-Operating, High Strength
Rivet, Blind, A[minun Sleeve, Hechanica[ly Locked, Spindte, Bulbed
Rivet, Blind, Monel and Intoned Sleeve, Mechanically Locked Spindle, Bu[bed

Def init ions. Not applicable.

Guidelines.

4.1 Threaded fasteners and related cm rts.

4.1.1 Screw threads. Screw thread se[ection shou(d be based on the using applications in accordance with the fol lowing.

a. Screw threads should be in accordance with FED- STD - H28 in app~ i cat ions where the threaded fasteners are required to
mate with or mount threaded convnercial equipment or devices.

b. Screu threads should be in accordance with MI L-S-8879 for app( i cations requiring high strength or high fatigue I ife.
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4.1.2

a.

b.

c.

d.

4.1.3

a.

b.

c.

d.

e.

f.

4.1.4

a.

b.

c.

MI L- HDBK-454

(Caution should be exercised where a MI L-S-8879 UNJ externe( thread fastener is used due to its incompatibility with
the ccmnonly used UNC, UNF or UNEF threaded nut or tapped hole. )

Screw thread sizes ard series for genera[ usage should be selected in accordance with MI L-S-7742.

Screws Screus shoutd conform to the specifications Listed belou.— -

Machine screws shou(d conform to FF-s-92.

Cap screws shou(d conform to FF-s-85 or FF-S-B6.

Setscrews should conform to FF-s-200 or FF-s-21O.

Se(f-locking screws shoutd conform to HIL-F-18240. Fiber inserts should not be used as the

u. Bo(ts shou~d conform to the specifications listed below.

Hex bolts shodd conform to FF-B-575.

Bolt studa should conform to MI L-S-1222.

Aircraft bolts should conform to MI L-B-6812.

Internal wrenching bolts should conform to NIL-B-7838.

High tensile strength bolts should conform to MIL-B-8831.

Shear bolts should conform to NAS498.

~. Nuts should conform to the specifications listed bdow.

General purpose nuts should conform to FF-N-836.

High temperature nuts should confom to ttIL-S-1222.

Self -1ocking nuts should conform to NIL-N-25027.

ocking dev ce.

6.1.4.1 Sheet srming nuts. Sheet spring nuts shout d not be used without specific approval of the procuring agency.

4.1.5 Safety Miring and cotter Dins. App( i cation of safety wi ring and cotter pins should conform to HS33540.

4.1.6 Qusrter turn fasteners. Quarter turn fasteners should conform to MI L-F-5591.

4.1.7 Rotary au ick operating high strength fasteners. Rotary quick operating high strength fasteners shou(d conform to
MIL-F-22978 or NAS547.

4.1.8. Lockwashers. Lockuashers should conform to the specifications ( isted below.

a. Spring lockwashers should conform to FF-U-84.

b. Tooth lockuashers shodd conform to FF-U- 100.

4.1.9 Flat washers. Flat washers should conform to FF-u-92.

4.1.10 Thread-locking and retaining ccmo Uds . Thread- (ocking and retaining cmpounds shou[d conform to MI L-S-22473 or
MI L-s-46163.

4.1.11 Antiseize comp Ounds . Antiseize conpounds should conform to MI L-T-22361 or 11-S-1732.
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4.2 Rivets—.

4.2.1

a.

b.

c.

4.2.2

a.

b.

c.

Nonstructural rivets. Nonstructural rivets should conform to the fol (otiing.

SMSl 1 sol id, sp[ it, tubular and general fxmpose rivets shou~d conform to FF-R-556.

Nonstructural blind rivets shou[d conform to MIL-R-8814.

B1 ind, nonstructural, retained mandrel type rivets should conform to MI L-R-24243.

Structural rivets. Structural rivets should conform to the following:

Aiunirssm and aluninun alloy rivets should conform to MI L-R-5674.

Structural, blind, pull-stem rivets should conform to MIL-R-7885, NAS1686 or NAS 1687.

Blind, drive type rivets should conform to NSL-R-27384.

5. J nf ormat ion for guidance only .

5.1 Threaded f astenars.

5.1.1 Fastenin-q of soft materiata to soft materiala. The mounting or assembly of parts msde of soft materia(a to soft
materials should be acconq dished by one of the fol(owing methods:

a. A through -screu or bolt secured by a self-locking nut or plain nut with a tockwasher.

b. A through-screw or boltsecured by a plain nut with a thread locking conqxwnd app~ied to the threads of the screw or
bott and nut.

c. A acrau or bolt in a threaded device such as a threadad bushing: a staked, clinched or pressed-in wt; or a threadad
insert. The bushing, nut, or insert should be secured to, or should be inetal led in, the parent structure in
ucordence with the eppl i cable proca&rea. The engaged length of threaded inserts in the parent material should be
at least 1.5 times the nominal diameter of the internal thread. Uhere the material thickness is insufficient to
accomodste ● 1.5 times thread dimter insert, ● shorter insert may IM used in ●ppl i cat ions there maxims atrsngth
IS not of primary iqiortance; or ● aotid threadad bushing (Aich provides equal ●trangth with leaa length because of
the greater outside dianeter of the bushing) should be used. bhen the screw or bolt is to be installed in an
aluninun al 10Y part, the aluninun alloy part should be provided uith threaded inserts of corrosion resistant stee(
or other suitabie msteriais. When the scre~ or bolt is to be insta(led in a plastic material part, the plastic part
should be provided uith threaded inserts. 1f (ockuashers or self-locking threaded inserts are not used, a
thread- locking capomd in accordance with 4.1.10 should be applied to the threads of the screu or bolt.

d. A screu or bolt in a tapped hole, uith a thread-locking conpotmd in accordance uith 4.1.10 app[ied to the threads of
the screu or bo(t.

●✎ A stud in a tapped hole. Self - locking nuts shou[d be avoided on stud-mounted conponenta, unless the stud material
is compatible ui th the strength and material of the nut used.

5.1.2 Fastening of hard materials to soft materials. In addition to the methods outlined in 5.1.1, a scren or bo(t with a
(ockwasher may be used in a threaded bushing, staked, clinched or pressed-in nut, threaded insert or tappad hole.

5.1.3 Fastening of soft materials to hard materials. In addition to the methods out[ined in 5.1.1, a self-locking screu
or bolt may be used in a hole tapped into the hard material. Self-locking screws or bolts with nomnatallic locking devices
shw(d not be used where the specified service conditions or processing, such as baking of paints or soldering, might
deteriorate the locking device.

5.1.4 Fastening of hard materia[s to hard materials. Any of the methods out~ined in 5.1.1 through 5.1.3 may be used.
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5.1.5 Fastenino of brittle meter ia(s. Brittle castings or parts made of ceramic or other brittle materials should be
properly cushioned when necessary to prevent breakage. Washers or gaskets of suitable material and conqmessibi t ity should be
used betueen the facing surfaces of the brittle pert and other brittle or meta( parts, uhen practicable, to prevent breakage
or damage to the protected parts during ass~ly or from severe shock, vibration or temperature changes encountered under the
specified service conditions. Lead washers should not be used. Parts that are secured with threaded devices and pliable
washers should not use lockuashers as the locking device, and other appropriate (ocki ng devices should be considered.

5.1.6 Fastming ~ith a~uninun alloy or memesiun fasteners. The use of threaded fasteners made of altaninm a[ 10Y or
magnesiun to mate with threaded parts of a(uninun al (OY or megnesitan shou(d be avoided wherever possible. Uhere such is
required, an anti seize ccmpound in accordance uith 4.1.11 shou(d be used to prevent seizing of the threads.

5.1.7

a.

b.

c.

d.

Flat washers. F(at washers should be used for the fol louing applications:

Between scre~ heads and soft msterials, unless a uasher heed screw, or similar type that provides a bearing surface
equivalent to the bearing surface of the appropriate flat washer, is being used.

Betuam a nk or lockuastter and a soft materia(.

Uhere lockwashers are used for securing ● ●of t material, a flat washer should be provided to prevwnt merrlw or
chipping of the material or the s@iad protective costing, ●xcept in areas *are an ●lectrical gromd is required.

Except uhere i t conf 1 icta with electromagnetic interf erance cms iderat ions, a flat Masher should be used betwen an
organically finished material and lock-washers, bdt and screu heada, or nuts.

5.1.8. Thread ervaagement. The length of the screws and bo(ts instal (ad with nuts shou(d be such that the exposed portion
ia a minimun tength equivalent to 1.5 thread pitches plus the chanber. Haximun length should be (imited by the nearest
1arger standard screw tmgth. For highly stressed app( i cations, screws or botts should have a mi nimun thread engagement of
1.5 times their nc+ninal diameter in tapped parts other than nuts. In nornwl applications, screws or botts should have a
minimun engagement length equal to their nominal diameter in tapped parts other than nuts. Uhen the ass+ly is not
frequant(y diaaasenhled and Were meximuo strength is not requi red, [ess thread engagement may be used.

5.2 ~. Rivets shwld be used in preference to other harditare for securing parts not requ{ ring removal. Uherever the
thickness of metal tdt~ch accepts the heada of flush rivets is leas then the height of the rivet heads, the meterfa{ should be
di~lad rather than comtersmk. The distance fras the center of rivet hoies to the edges of the meteria[ in tdtich the
rivats are ptaced should not be leas than 1.5 times the rivet dfemater. Design and limitations of rivets shou(d be in
accordance with MS33522 end MS33557. Rivets for joining megneaiu parts should be c~siticm 5056 antxlizad ●(cminun alloy
or en alunimm alioy hav{ng -l galvanic compatibility with the megnasiws being used.

5.3 Other f asteni n!a methods.

5.3.1 Set screws. one set screu may be used on a flatted shaft. Tuo set screws at 90° to 120° disp[acemant should be
used uhen the shaft is not flatted. Cone-point set screws should not be used, except uhm the opposing meta( has been
properly countersunk to receive the cone-point.

5.3.2 Access devices. Fasteners for use with access devices should be readily removable for replacement purposes without
damaging the attached panel or access door.

5.3.2.1 Nonstructural acdicationa. Quarter-turn fasteners shodd be used only to retain nonstructural access to devices
Mere quick access is required.

5.3.2.2 Structura( acmiicatione. Rotary, quick-operating, high strength penal fastenera should be used to retain structural
accesa devices here quick access is required.

5.3.2.3 Threaded fasteners. Threaded fasteners used with access devices
shou[d be self-aligning, captive type hardware.

5.3.3 Screw threaded device am(ications.
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5.3.3.1 Screws or bo[ts without nuts. Applications requiring the use of screus or botts uithout nuts should use one of
the follouing screu locking methods:

a. Lockwashers under the heads of the screws or bolts

b. Self-locking screws

c. Se(f-locking threaded inserta

d. A locking or retaining ccapoimd in accordance ~ith 4.1.10 app(ied to the threads

e. Safety Nire through drilled heads in accordance with 4.1.5.

5.3.3.2 Counterstmk head acrens. Countersink head screus, uhen not secured by other locking means, should be secured by
the application of a thread-locking conpound in accordance with 4.1.10. Staking by means of qetting meta( is acceptable

“for parmanan t assea@iea tdvsn other means are impracticable or unsatisfactory for dssign reasons.

5.3.3.3 ~hread -forming, thread-cut tins. and drive screws. Thread forming, thread-cutting, and drive scrm should not be
usad except for attaching identification plates.

5.3.3.4 Safetv wirinq ad cotter Dins. Safety wiring and cotter pins should not be used on terminals such as screws and
threaded studa that are required to fmction as electrical terminals.

5.3.3.5 Thread- lockirm and retainina comswunds. Thread-locking and retaining ccqounds should not be used ~ere required
electrical conductivity is inpaired or failure of the compound ~ould endanger personne( or damage the equipnent.
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GUIDELINE 13

STRUCTURAL UELDING

1. P!!QQe. This guide(ine establishes criteria for structura( welds. Welded electrical corrections are excluded from
this guideline.

2. Documents amlicable to guideline 13:

NIL-w-6858 Welding, Res i stance, Spot and Seam
HIL-STD-22 Ue(ded Joint Design
MIL-STD-248 Uelding and Brazing Procedure and Performance Qualification
HIL-STD-1261 Arc We(ding Procedures for Constructional SteeLs
MI L-STD-1595 Qualification of Aircraft, Missile, and Aerospace Fusion It/elders
141L-sTD-2219 Fusion Welding for Aerospace Ap@ications
141L-HOBK-5 Metal(ic Materials and Elements for Aerospace Vehicle Structures
MIL-HDBK-730 , Matarials Joining
Am 2680 Us[ding, E(ectron Beam, for Fatigue Critical Af#icatiom
Ams 2681 Electron-Beam Welding
ANS1/AbiS A2.4 Stendsrd Symbols for Melding, Brazing and Nondestructive Examination
ANSI/AUS A3.O Stsndard Uetding Terms and Definitions, Including Terms for Brazing, Solderfng, Thermal Spraying and

Thermal Cutting

3. Definitions. Not applicable.

4. Guidelines.

4.1 Arc and qas ne(ding. Ue(ding by arc and gas methods shou(d be performed by operators uho have passed the applicable
certification tests and have a certificate of proficiency in accordance with MI L-sTD-248 or MI L-sTD-1595. UeLding of
alunirnsn, magnesiun, and steel alloys should conform to MI L- STD-2219.

4.2 Resistance welding. Resistance welding of joints should conform to MI L-U-6858.

5. Information for euidence only.

5.1 General. The joint mrees of a(l parts to be uelded should be c(eaned of contaminants and materials bhich maybe
detristenta~ to obtaining satisfactory welds. Degradation of material properties in the heat affected zone caused by wetding
shou(dbe cmaidered. Ueldnahts should be stress relieved when induced stress resulting from uelding, deaign configuration,
or materials welded may be harmful. See ANSI/AUS 2.4 for welding synbls, ANSI/AUS A3. O for we[ding terms and definitions,
and MI L-STD-22 for welded joint designs. MI L-HDBK-730 provides guidance in this field of msterials joining and its related
processes.

5.2 Resistance welding. MI L- HDBK-5 may be used as a guide for spot-to-sheet edge distances and elloueble strengths.

5.3 Noncritical abdications. In ground equipment applications, weiding procedures in accordance with HIL-sTD-1261 may &
used where, if the weld should fail, it Mill not ccarpromiae personnel or equipnent safety or prevent completion of the
mission.

5.4 Other methods. Other tielding methods, such as the electron beam process of AMS 2680 and AMS 2681, may be used
provided approval is obtained from the procuring activity.
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GUIDELINE 14

TRANSFORMERS, INDUCTORS, AND COILS

1. !!wwse. This guide(ine establishes criteria for the selection and application of transformers, inductors, and coils.

2. Docunents a@icabLe to guideline 14:

MI L-T-55631 Transformers, Intermediate Frequency, Radio Frequency and Diacriminetor, General Specification for
MJL-T-83721 Transformer, Variab(e, Pouer, General Specification for
MIL-sTD-981 Design, Manufacturing and Que( i ty Standards for Custom E iectromagnet i c Devices for Space Appl i cat ions
MI L-STD-1286 Transformers, Inductors, and Coi 1s, Se[ection and Use of

3. definitions. Not applicable.

4. Guicidines.

4.1 $election. Se(ection of transformers, inductors, end coi 1s should be in accordance uith HIL-STD-1286 and the
following sections.

4.1.1 Jn termediate. radio fraauancv and discriminator transformers. intermediate, radio frequency and discriminator
transformers should conform to grade 1, 2, or 4 of MI L-T-55631. The use of grade 3 transformers should be ( imi ted to
hermetically sealed or encapsulated ass+t ies.

4.1.2 Variable transformers. Variable transformers shou~d conform to MI L-T-83721.

4.1.3 Custom electroinagnetic devices for wace aco( i cations. Custom electromagnetic devices for space app( i cat ions should
conform to MI L- STO-981.

5. Information for quidance only. Not applicable.
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GUIDELINE 15

METALS, CORROSION RESISTANCE

1. Mt2Qs!?. This guideline establishes criteria for the selection and treatment of metals as related to their ability to
resist corrosion.

2. Docunents amlicable to guideline 15:

MIL-STO-SE9 Oissimi lar Metals
HIL-sTo-1516 Unified Code for Coatings and Finishes for 000 Material

3. Definitions. Not applicable.

4. Guidelines. Metals should be corrosion resistant or should be coated or metal Lurgica( ly processed to resist corrosion.
Materials and processes for metallic parts should conform to applicable guidelines in MI L-STD-G69 end HIL-sTD-1516. Coatings
shcdd be selected from MI L-sTD-1516.

5. Jnfomet ion for 9uidance only. The anviromarml severity to Mich the equipent Hi (1 be exposed should be considered
in selection of metels. The use of noncorroaion reaistent steel ●l(oys, except where specif icel ly required for electronic

PUIPXWS, shw(d be kept to a minimum
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GUIDELINE 16

DISSIMILAR METALS

Purpose. This guide(ine establishes criteria for the selection and protection of dissimilar metal conbinetions and
significant corrosion behavior factors.

Docunent amlicable to guideline 16:

MI L-STD-S89 Dissimilar Metals

3. Definitions. Not applicable.

4. Guidelines. Selection of metals
MIL-STD-SS9.

for use in electronic equipment should be made in accordance with the guide( ines of

5. Jnf ormstion for guidance only. Uhere electronic design guidelines preclude the insulation of incompatible metal
c~instions as identified in NIL-STD-8S9 from one enother, specific attention should be paid to iso[ating the conbinstion
f mm ●xterior anvf roment*.
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GUIDELINE 17

PRINTED UIRING

a for the design and treatment of printed Miring asstities.

s
MIL-STD-1861 Electrical a~ Electronic Assenb[ ies, Boards, Cards, and Associated Hardware, Selection and Use of

1. Purpose. This guideline established triter

2. Docunents atmlicab(e to wide(ine 17:

MI L-P-46843 Printed Uirirw Assentdi

ANS[/IPC-D-322 Guidelines for Selecting Printed Uiring Board Sizes Using Standard Panei Sizes

3. Definitions. Not applicable.

4. Guidelines.

4.1 Rigid Drinted wiring and Dr inted wiring boards. Rigid printed wiring end printed uiring boards for single-sided,
Ckxble-aided, and multi (eyer printed ufring should conform to MI L-STD-1861. The materials used for single-sided,
doWe-sidad, and multi layer printed Miring boards should conform to MIL-STD-1S61.

4.2 ~igid minted wiring assenbl i es. Rigid printed wiring assdlies consisting of rigid printed wiring boards on which
separately manufactured parts have been added should conform to ?41L-STD-1S61. For Army missile weapon systems, MI L-P-f&43
should app(y on(y for replacement purposes

4.3 Conformel coating. When conformai coating is required, rigid printing wiring assentd ies shou(d be conformal [y coated
uith a coating meteria( ~ich conforms to 141L-STD-1S61.

4.4 Flexible and rigid-f(ex wirinq. Flexible and rigid-f(ex printed wiring should conform to MI L-STD-1861 and shouid be
designed in accordance uith UIL-STD-1S61.

4.5 piscrete uiri w boards. Discrete wiring boards with plated-through hoies should be in accordance with HIL-STD-1S61.

4.6 packolane assed ies. winted wiring. Electrical backplane printed uiring assenb(ies should conform to MI L-STD-1S61
and shou(d be designed in accordance with MI L-STD-1861.

5. Jnforsmt ion for guidance wtly.

5.1 Printed uirinq board size. Guidelines for the se[ection of printed wiring board sizes are delineated in
ANSI II PC-D-322.
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GUIDELINE 18

DERATING OF ELECTRONIC PARTS AND MATERIALS

1. Pumose. This guide[ine establishes criteria for derating of electronic parts and msteria(s.

2. Document a~licable to guideline 18:

MI L-STD-1547 Parts, Materials, and Processes for Specs and Lawwh Vehi c(es, Tachni cal Requirements for

3. Definitions. Not applicable,

4. Guidelines.

4.1 Deratinq. In the application of electronic parts and materials, the parts arxi materials se~ected should be used
within their electrical ratings and envirormnenta[ capsbi 1 i ties; (e. g., any enbient or hot spot tenperaturas, voltage,
current, or pouer dissipation). Darat ing should be acc~( i shed aa necessary to assure the required equipment ret i abi 1 i ty
within the specified operating cwtditiona.

4.2 perati fm for [aunt hveh iclea and efmce wetems Electronic parts and materials used in (amch vehicles or space
systems should be derated in accordance with the guic& ines of ii[L-sTD-1547.

5. Information for guidance only. Not applicable.
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GUIDELIME 19

TERMINATIONS

Purpose. This guide(ine establishes criteria for the selection and application of terminations.

Docunenta amlicable to guideline 19:

NIL-T-7928 Terminals, Lug and Sp(ice, Crinp-Style, Copper
HIL-T-15659 Termina(, Lug, So(der, Copper and Phosphor Bronze
MI L-T-55156 Terminals, Lug, Spl ices, Conductor; Screu Type, General Specification for
MIL-T-55164 Terminal Soerds, Molded, Barrier, Screw Type, and Asaociatd Terminal Board Lugs, Genera 1

for
MIL-STD-1277 Splices, Terminals, Termins[ Boards, Binding Posts, Terminal Jmction Systems, Uire Caps;
us 27212 Terminal Boards, Aasenb(y, Molded-in Stud, Eiectric

definitions. Not applicable.

GuideLines.

4.1 Terminals.

4.1.1 Luq terminets. Lug terminsts should conform to one of the fol
selected from MI L- STD-1277.

Specification

Electrical

owing speci’ cations, and tierever possible should be

MI L-T-7928 Crinp, Insulated snd Noninsulated
MIL-T-15659 Solder
NIL-T-55156 Screw

4.1.2 Stud terminals. feed-through terminals. arwd binding m Sts . Stud terminsts, feed-through terminals and binding posts
shou(d be selected from MI L-sTo-1277.

4.1.3 lltir of wires ur termins( or lug. The nmber of wires terminated in an individual terminal or lug should not be
greeter than three. Mult i sect ion turret, bifurcated, or suit i -hole lug terminals shodd have not more than three Mires per
sect ion, tow, or hote. In no case should the total cross sect ionsl ●rea of the terminated ui res exceed the cross sectional
●res capacity of the terminal or lug. If a greater m.dnw of wires fs required then those specified herein, Spprovat of the
procuring activity shou(d be obtained.

4.2 Terminal boards. Termina( boards shou[d be se(ected frcsn MI L-sTD-1277.

4.2.1 Nunber of lucis *r terminai. The maxins.sn rusrber of lugs to be connected to any me terminet on a termine( board
should be tno for screw-type terminal boards covered by MI L-T-55164 and as specified in the detai 1 specification sheets for
stud-type termi nsl boards. Not mora than four lugs should be connected to any one terminei of a Lmard covered by MS27212.
Accessories such as stwd connectors, stradd(e p[ates, junpers and termina[ board lugs should be counted as tugs for this
purpose.

4.3 Termins( junction systems. Termine( junction systems should & seiected from MI L-STD-1277.

5. Jnfoimstion for guidance on(y. Crinping of termins( tugs should be so acconpl i shed that the connections ui 11 meet the
resistance (voltage drop) and tensile strength guidelines and tests of NIL-T-7928.

19-1





1.

2.

3.

4.

MlEs!2. This guideline establishes cr

Docunents awl i cable to guidet ine 20:
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GUi DELINE 20

WIRE, HOOKUP, INTERNAL

teria for the selection ard application of e(ectr cat internal hookup Mire.

w-u-343
MIL-U-76
MI L-U-5086
MI L-u-5846
MI L-U-16878
MI L-U-19150
MI L-u-22759
MI L-U-81044

MIL-U-81381
MI L-U-81822
MI L-STD-681
ASTM 0298

Definitions.

Guidelines.

Uire. Electrical, Cower (Uninsulated)
Ui re-and Cable, Hook@, Electrical, Insulated
Uire, Electric, Polyvinyl Chloride Insu[ated, Copper or Copper Alloy
Ui re, Electrical, Chromel arnd/or Alunel, Thermocouple
Uire, Electrical, Insulated, General Specification for
Uire, Insulated, Hard Dram Copper
Uire, Electrical, Fluoropolymer- Insulated, Copper or Copper Al 10Y
Uire, Electric, Crossl inked Po(ya[kene, Cross Linked Alkane-lmide Polymer, or Potyarylene Insulated,
Copper or Coppar Al (OY

, Uire, Electric, Po[yimide Insulated, Copper or Copper At 10Y
Uire, Electrical, Sobderteea Wrap, Insulated and Uninsulated, General Specification for
Identification Coding and A@ication of Hook-Up and Lead Mire
Uira, Copper, Silver-Coated, Soft or Annealed

Not applicable.

4.1 Se(ection. Internal hookup wire should be selected from the types and classes specified by tha docunents 1 iated in
tab(e 20-1. For solder less wrap appt i cations, wires should be selected uhich are in accordance uith MI L-u-81822.

4.1.1 MI L-u-76 usage. HIL-u-76 should be used for Army applications only.

4.1.2 MI L-U-16878 usage. NIL-U- 16878 should not be used for Air Force or Navy aerospace app[ i cat ions.

4.1.3 MIL-U-22759 usage. MI L-u-22759 uire ~ith only single polytetraf luoroethylene insulation used in Air Force space and
misai le a# i cat ions should r-ire the approval of the procuring activity.

4.1.4 Jnaulation rea triction. Uires with polyvinyl chloride insulation should not be used in aeroapace applications. Use
of theaa wires in any other application requires prior approval of the procuring activity.

4.1.5 Si(ver ~iated c omar wire. Silver plated copper uire sha(t not be used in applications invo(ving Army missite
systems without certification by the Mire manufacturer that it passes the sdiun potysulfide test in accordance ~ith ASTM
6298. Uire h’hich fails this test will be rejected. Si(ver plated copper Hire shall not be used in conjunction with uater-
sol*le so(der fluxes. Uire ahal 1 be stored and handled in such a way so as to minimize exposure to moisture.

4.2 Identification. Hookup nires in the equipment should be, insofar as practicable, distinctly coded in color or
rnmbered. Short h~kup wire, 150 mm or (ess between termination points, need not be marked if the path of the short wire can
be ●asi lv and visuallv traced. The uwnarked wire must be specified on the drawing. Codes, when used, should be in
accorde~e with MI L- S~D-681 or as otherwise agreed upon uith the procuring activity. Ntirs
would be difficult to read or trace, such as in conpact ass~lies.

4.3 Bare wire. Bare hook~ wire should be type H class S, soft or drawn and annea(ed, snd
W-U-343 . Bare hookup wire ahal ( not be used tmless inau(ated wire is impractical because of
shortness of iii re run.

5. Information for guidance only.

should not be used where they

coated, and shal 1 conform to
circuit characteristics or

5.1 Solid or stranded. Stranded wire should be used for conductors and cables uhich are normally flexed in use and
servicing of the equipnent, such as cabtes attached to the movab[e half of detachable connectors and hanging cables attached
to removab[e or nwab[e doors and shields. Leads 150 mm or less in length may be run as solid uires unless they form
interconnections between shock isolation mounted parts and nonshock isolation mmunted parts. There are some other instances,
such as ui re wra~ing, where a solid conductor may be requi red regardless of length.
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5.2 Co[d flow. Certain insulating tnateria[s exhibit a cold f(ow characteristic. Caution shoutd be used in the selection
of these tnateria[s in applications requiring restrictive c[a~ing or tying, etc, where this feature may resu(t in ex~sed or
shorted conductors.

5.3 Thermocoucile Hire. Selection of therrrtocoupte uire should be in accordance with MI L-U-5846.

5.4 Stranded come r conductor test. The fol lowing test procedure should be used for stramiad conductors since the ASTM
B298 procedure covers on[ y a si ngi e, round conductor.

5.4.1 Sodiun ~(ysu[fide test. The stranded sanples of annea(ed co~r or copper alloy base material shal I be tested per
ASTM B298 Hi th the following exceptions:

NOTE : The ASTM test applies to single-end wires ‘ttaken before stranding .1’ The applicability of the polysulfide test
is thus restricted by the ASTM in recogni t ion of the abrasion to the ui re inherent in the stranding process.
The following exceptions and criteria are to be applied when testing strandad product:

a. Examinatiwt of the samples to occur inntadiately after the solution cycle.

b. Smplea to be immersed into the solution in the as-stranded condition.

(1) Uni lay constructions to be tested as the who(e conductor.

(2) Concentric constructions to be tested as whole conductor.

(3) TWO members f ran each layer of rope constructions to be tested after they have been careful iy removed f ran the
finished rope.
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IL-U-76

IL-U-5086

[L-U-16878

TABLE 20-I. Wire. electrical.

Construct ion

Spec type 1/ Conductor Max

or Mater-
2/ Insulation

coat- Cond
ritle Primary

class ial ing
Jacket/ tellp

Type Primary cover topcoat ‘c
Wire and Cab[e LU
Hook-up, ~ Cu/A Sn
Electrical ~
Insulated

or CCU
~ ,,,

Wire, Electric, M5806/1
polyvinyl Chloride M5086/2
Insu(ated, copper

CUIA Sn
H5086/4

or Copper Alloy M5086/5
M5086/6 HSA
M5086/7

*
Cu/A

Wire, Electrical, u16878/1
Insulated M1687812 Cu/A Ag, Sn

Ml 6878/3 HSA,
Ml 6878/4 c~ —
M16878/5
Ml 6878/6 Ag
M16878/7 Cu/A
Ml 6878/8
M16878/10 Sn
M16878/11 Cu/A,
M16878/12 Ccbl Ag
M16878/13
M16878/14
H16878/15 Cu/A

~

M16878/16
M16878/17

— —.

S,Str 1 8,10, 8,1 O,13A 80
13A ~/

2A
~

8
8. 11

F — 1

;A

a

1 8,10,11 1,8,10,11

— —

3A 3A,3B,4A,
13B 3/

6 4A,8,1O,
— 11 4A,8,1O,

2A ~ 11

4A

S,Str
2C

4A

Jo5_

110

105

105

200

7

200

125
I

—1

I

Max
rms
volts Remarks

300 See Note 4
1000 For US Army
2500
1000

600

m

600

600 See Note 4
10000
5000
600

I 000
&
&
pOiJ_
600
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[L-U- 1915C

IL-U-2275$

TABLE 20-1. Wire. electrical - Contimed.

Construction

I 2f Insulation
Primary [

itl
—

Spsc type u
or Mater-

,e c 1ass ial

M16878118
Ml 6878/19
M16878/20
M16878/21 cu/A ,
M16878/22 HSA,
H16878f23 Ccu
HI 6878f 24
Ml 6878/25
M16878126
MI 6878/27
H7 6878128
FV16S7812 9—
W&:; WA

M16878/32
MI 6878/33 m

Ccu
Ml 6878/3 4 c~
H16878/ 35

I ,

Ag, Sn

Ag

Ni

Jire, Insulated,
Hard OrOti @JPer

cu/H
i

Uire, Electric, J-

Ftuoropolymer WL I

Insulated, co-r ~

or copper Al 10Y *

T)@
I

Primary
~

cove r

1

36

3A
36
3A
36
3A
36

Str 6

HI
H2275919 &
“---759I1O ~

* WA t$

I

ncc759/14
H22?591~~ r L
H22579[16 Cu/A Sn

=1-

7
2A

3A

4A

-
~cketl

tA,3B,4A,
363/

8

I I

!!@L=-l
105

11

1000

—=
250

200 600

— 10°0
250

260 600

w

— m
150

1000
=
— T75

-+

_ —’

200
-mi 1000

T
200 1000
260

w
260
135

600
— —

see Note 4
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TABLE 20- I . Uire, electrical - Contin@.

COnst ruct i an I I 1

Spec type 1/ CondnXor
or Mater- Coat -
class ial fng Type

M22759/17 HSA Ag
M22759/18 T Sn
M22759/19
M22759/21 K

M22759/22 HSA +
Str

M22759/23
M22759/31

Ni

— —422759/32 Cu/A Sn
~22759/33 HSA Aq
422759/34 cu/A Sn
(22759/35 HSA —L422759/41 Cu/A Ni
122759/42 HSA
122759/43 TAc ~

L-U-81044 Wire, Electric, M81044II2 CU/A SnCross 1 inked PO[ y- M81 044/13 HSA
Str

a 1kene, etc. r

Insulated
I I I

2

Primar)

17

3A

21

2B

I I I

Max
Isulation cod Max

Primary Jacket/ tellp r~
cover topcoat “c Volts Remarks

150

w —1000
m —

~ 260— — .
150
200
150

12’12001
600
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MI L-u-81381

TABLE 20-1. Uire. electrical - Contiti.

I I construction

nsulated, Copper _
m copper A11oY -

spec type I/ Conductor

or Mater- coat -

ciass ial ing Type
itle

ire, E(ectric, M8138117 cu/A L

o[yimide M81381/8
M81391/9 HSA +
M81381I1O
M81381/11 r *
M81381/12 L
M81381113 F * Str

M81381/14
M81381117 r *
M81381118
M81381119 ~ &
M81381/20
M81381/21

I
WA Sn

M81381/22

-1 lNi I

I I I

I I
19

20

Hax
cord
temp
“c

200

m

1utax
rms
volts Remarks

600

s
f11,112, and /22 ~
have a bright x
aromatic pOtY-

0
m

amide braid with n

clear finisher s-ul
coatings on 8 AUG e

J__-!
and larger



TABLE 20-1. Uire. electrical - Continued.

ru
0

Conductor ~

Material Cu/A
Cu/H
Ccu
HSA
Al

Coating Sn
Ag
Ni

Oescri Dtion

Copper, annealed
Copper, hard drawn
Copper, covered steel
High strength copper alloy
Aluninun

Tin
Silver
Nickel

Type S solid
Str St ramdecl

y When specified on purchase order

&/ Various combinations of primary, primary
cover, and jacket insulations, and unshielded,
shielded, etc., constructions are avai lable
to meet app~ication requirements. See detai 1
wire specification.

Insulation

D_ Code

1
2A
2B
2C
3A
3B
3C
4A

4B
6

7
8
9A
9B
10
11
13A
13B
17
19
20
21

OescrfDtion

Polyvinyl chloride/extruded
Po 1yethylane/ext ruded
Po 1ya 1kene/cross - 1 inked/ext ruded
Pot yethylene/cross- 1 inked/mcdi f ied/extruded
Polytetraf luoroethylene/ext ruded (TFE tef 1on)
Polytetraf luoroethylene/tape
Polytetrafluoroethy lene/mineral f i 1 led/extruded
Fluorinated ●thylene propylene/extruded

(FEP teflon)
Fluorinated ●thylene propylene/dispersion
Si 1 i cone r&ber/extruded

Pol yimide iacquer (Pure ML)
Polyamide/extruded (Nylon)
PolyvinyLidane fluoride/extruded (Kynar)
Polyvinyliti f luoride/extruded/cross-l inked
Bra id/synthetic yarn/ lacquer i npregnated
Braid/nylon/impregnated
Braid/glass fiber/impregnated
Braid/TFE coated glass fiber/TFE finish
ETFE f[uoropo(~r
F luorocarbon/po( yimide tape
Modified aromatic polyimide resin
Ethylene-tetraf luoroethy(ene/cross- linked/
modi f ied/extrudal

s
1-
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GUIDELINE 21

CASTINGS

E!UWQSS. This guideline establishes criteria for the design, classification, inspection, and repair of castings.

Docunents ardicable to quideline 21:

141L-STD-276 Inpregnat i on of Porous Nonferrous Metal Castings
141L-STO-217S Castings, C(aasification and Inspection of

Definitions. Mot applicable.

Guidelines.

4.1 pie castings. Die castings shouid not be used where the casting might be stbject to inpact. Zinc altoy die castings
shou[d not be used where dimensional changes of the casting cou(d affect use of equipment.

4.2 porous c astin&. Wan required, castings should be i~regnatad in accordance with MIL-STD-276.

4.3 $Ia$$ifi cation ad insDac tion. Castings should bactassified and inspected in accordance with MIL-sTo-2175.

4.4 Inserts. Inserts which are intended to be cast in place should be knurled, grooved, or otherwise prepsred to secure
satisfactory keying of the insert to the casting. Inserts should be fabricated from a materiel which is not adversely
affected by exposure to the molten casting altoy. blhen inserts are located near a casting edge, sufficient edge distance
should be atloued in order to develop the required resistance to insert pull-out, and to avoid cracking of the casting.
Casting defects resulting from use of inserts, such as partial alloying, poor bonds, porosity, and cracks should not be
present.

5. Informs tion for guidance only.

5.1 $electi on and abdication. [n any design uti(izing steta(lic castings, consideration shoutd be given to intended
application, tha availability of molding end casting alloys, the choice of a auitab[e casting process (sea tabla 21-1), and
the usa of r{ba and fins.

TABLE 21-1. @nera( c omarison of metallic csstifm 0 recesses.

;Ype of
:ast i ngs

Oimen- Abi 1 ity to Suitabi 1 ity
sional reproduce Tool for vo(une
accuracy fine detai t cost product ion

Sand
Die
1nvestment
Shel I

mold
Permanent

mold
Plaster

mold

3
1
1

2

2

2

3
1
1

2

2

1

:
3

3

3

1

1

1

3

z=Suitabili V
Surface for large
smooth- sized
ness cast ings

3
1 :
1 3

2 3

2 2

213

5.2 Repair of unmachined castings. Repair of minor discontinuities or defects in ursnachined or raw castings shou[d ba. .
permitted only uhen specific approval has been granted by the contractor Material Review Board (MRB), or is specified on the
engineering doctnentat ion. Ue(d repair should be limited to ctass 3 and class 4 castings (class 1 and class 2 repair should
require procuring activity approval ) and to areas where no severe stress wi i 1 be encountered. Heat treatable a(loys must be
ful Iy reheat treated after welding to meet drawing guidelines.

5.3 Repair of machined castings. Repair of defects in machined castings should be permitted for class 3 and class 4
castings based on the cent ractor~s MRB decision. Class 1 and class 2 casting repair should require procuring activity
approva 1. Reheat treatment should be required m(ess engineering ana(ysis during MRB action can demonstrate it is
unnecessary.
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GUIDELINE 22

PARTS SELECT ION AND CONTROL

1. Purtxse. This guideline offers guidance as to parts se[ection and contro( iittich may be considered uhen preparing
contractual docunents. Parts selection and contro( shou(d be directly specified in the contract or the system/equipnent
specification, as appropriate.

2. Docunents ad i cable to guideline 22:

MIL-STO-965 Parts Control Program

HIL-STD-1546 Parts, UateriaLs, and Processes Standardization Control and Management Program for Spacecraft and Launch
Vehicles

3. Definitions. Not applicable.

4. $lJi& lfnea. Not applicable.

5. ~nformatfon for sufdence only .

5.1 Parts contro( c.ro9rem. Ml L- STD-965 estabt ishes ttio procedures covering the submission, revieu, end approval of
Program Perts Selection Lists end changes thereto. The objective is to achieve life cycle cost savings and coat avoidances
by: (1) assisting equipment or system msnegera and their contractors in the selection of parts conrnensurate with contractual
requirements, (2) minimizing the variety of parts used in new design, (3) enhancing enterchangeabi lity, reliabi 1 i ty, and
maintainability of military equipment and supplies, and (4) conserving resources and (5) assuring long term avai (abi (ity of
parts. MI L-sTD-965 should be tai Iored when applied; app( icatiom guidance is offered in the docunent.

5.2 Parts control Drogram for smcecraf t and (aunch vehic(es. (Not applicable to NASA programs) MI L- STO-1546 establishes
the criteria and guidelines for the preparaticm and in@ementation of a Parts, 14ateria(s, end Processes Standardization
Controi end management Program for use during the design, development, fabrication, and test of spacecraft and launch
vehic(es. The i~lementation of this handbook is intended to: (1) assure total, integrated, and coordinated mataegement of
the selection, application, procurement, controi and standardization of parts, materials snd processes (PMP), (2) reduce
program costs, (3) iwrove the standardization end rel febi 1 i ty of program parts, mater iais, and processes ●nd (4) ●ssure long
term availability of parts.
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GUIDELINE 23

ADHESIVES

1. W12QS!?. This guideline establishes guidance for the selection and awl i cation of adhesives.

2. Docunents ad i cable to guideline 23:

H-A-121
MNN-A-130
WIN-A- 132
MN-A-134
NNN-A-138
WWA-181
w-A-189
M-A-1617
W-A-1931
HIL-A-3920
MIL-A-5540
NIL-A-8576
NIL-A-22397
MIL-A-24179
NIL-A-25463
MI L-A-46050
MI L-A-46146
HIL-A-47089
NIL-A-47315
MI L-A-47317
MIL-A-4~18
MI L-A-48611
MIL-A-52194
MIL-A-81236
NIL-A-81253
MI L-A-B3377
MI L-A-87135
MIL-HDBK-691
29 CFR 1910

3. Definitions.

Adhesive, Bonding, Vulcanized Synthetic Rtir to Steel
A*esive, Contect
Adhesive, Heat Resistant, Airframe Structural, Metal to Metai
Achesive, Epoxy Resin, Meta[ to Metal Structura( Bonding
Adhesive, Metal to Wed, Structural
Adhesive, Phenol, Resorcinol, or Retamine Base
A&esive, Synthetic-R*r, Thermoplastic, General Purpose
Adhesive, Rubber Base, General Purpose
Ach?aive, Epoxy, Silver Filled, Conductive
A&eaiva, Optical, Thermoaetting
Adhesive, Polychloroprene
Acheaive, Acrylic Base, for Acrylic Plastic
Adm!sive, Phenol and Resorcinol Resin Base (for Nerine Service Use)
Adhesive, Flexible Unicellular-Plastic Thermal Insulation
A*esive, Film Form, Metallic Structural Sanduich Construction
Adhesive, Cyanoacrylate, Rapid Room-Tanperature Curing, Solvent [ess
Adhesive-Sealants, Si(icone, RTV, Non-Corrosive (for Use Uith Sensitive Metals and Equipment)
Adhesive, Metal Filled, Conductive, Electrical and Thermal
Adhesive, Polyurethane
Adhesive, Air Drying, Silicone Rubber
Adhesive, Copolymer Polyurethane
Adhesive System, Epoxy-Elastomeric, for Glass-To-Metal
Ac#lesive, Epoxy (for Bonding Glass Reinforced Polyester)
Adhesive, Epoxy Resin With Polysmide Curing Agent
Adhesive, Modified EPXY Resin Uith Polyemine Curing Agent
Adhesive Bonding (Structural) for Aerospace end Other Systems, Requirements for
Adheaivea, Non-Coductive, for Electronics Application
A&eaive Bonding
Code of Federal Regulations

3.1 Adhesives. Ac#!esives are substances capable of holding materials together by surface attachment. Adhesive is a
ganera( term and inc(udes, among others, cement, glue, muci [age and paste. All of these terms are (oosely used
interchangeably.

4. Guidelines. Mot appi i cable.

5. Information for guidance only.

5.1 Desi9n of joint. The joint should be designed to minimize concentrations of stress. The basic stress shou(d be in
shear. The weakest design is where the basic stress is in cleavage or peel and nonexial loading in tension produces
c ( eevage.

5.2 Deleterious effects. The user shou{d ascertain that the formulation of the adhesive selected Hi ( ( have no deleterious
effects on the bonded assembly or nearby i tams uhen the bonded assenbi y is i n storage, transit or use under the environmental
cc+ditions for which it uas designed. Deleterious effects may be caused by the S(OU release of trapped solvents With can
damage many types of rubber and p(astic, or cause other harmful results degrading operation of the equipnent.

5.3 Application. Care should be taken to avoid starved joints which are the result of either absorption of adhesive by a
porous material, poor application, inadequate coverage, or excessive pressure. Uhere one or both of the a~erents are
porous, successive thin coats of adhesive should be applied to comp(ete{y sea{ the surface, and each coat should be dry”
before the next coat is a@ ied. This procedure should be used instead of the appt i cat ion of one thick adhesive coat to the
porous surface, except in the case of si 1 icone adhesives. In general, the thicker the adhesive layer, the loHer the shear
resistance, but the higher the strength to i~act and peeling.
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5..4 Structural c ompatibi(ity. Adhesives which are not cmpatible structurally should be avoided. For exempte, a brittle
adhesive should not be used for g(ass kmding because excessive shrinkage during setting or curing uit( load the glass in
tension. For assemblies which may be flexed or subject to inpact, a britt~e adhesive shou~d not be used.

5.5 ~arcino9ens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as cancer
producing substances (carcinogens). Before using any materials uhich might contain carcinogens, they shou(d be evaluated in
accordance uith 29 CFR 1910. Consideration of the toxicity of a substance should be given prior to material selection.

5.6 Thermoplastic. All thermoplastic adhesives have a tendency to creep under load, especia(~y at elevated temperature,
and shou(d not be used in critica( structura( applications. Many thermoplastic adhesives have limited or poor resistance to
certain solvents.

5.7 Materials to be bonded. The materiais to be bonded assune critica( inqxxtance as there are some materials, such as
fluorocarbon, poiyethy~ene, and ny(on that cannot be bonded satisfactorily uithout pr
both .

5.8 guide for se[”ection and 000 lication. The fol~owing, ●[though not a cc@ete 1
*esivea end bonding proctirea to meet deaign guidelinea inekctronic eqIipmant.

MIWA-121 iwIi-A-1617 MIL-A-25463 MIL-A-48611
M14M-A-130 kW1-A-1931 MI L-A-46050 MIL-A-S2194
klW-A-132 HIL-A-3920 MIL-A-46146 MIL-A-81236
WI14-A-134 MI L-A-5540 MtL-A-47089 MI L-A-81253
UUU-A-138 NIL-A-8576 MI L-A-47315 HIL-A-83377
W4M-A-181 NIL-A-22397 MI L-A-47317 MIL-A-87135
MMM-A-189 MiL-A-24179 MI L-A-47318 MiL-HDBK-691

or treatment, specia( adhesives, or

st, may be used as a guide in selecti~

Many of these specifications have no guidelines pertaining to electrical properties. Uhere elect rica[ properties are
inportant, the suitability of the material for the application should be established.
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GUIDELINE 24

WELDS , RESISTANCE, ELECTRICAL INTERCONNECTIONS

1. Purwse. This guideline establishes criteria for resistance ~e[ds of electrical and electronic interconnections and
pert leads. This guideline does not include structural Melds.

2. Docunents armt icab(e to quidei ine 24:

NIL-U-8939 Uelding, Resistance, Electronic Circuit Modules

3. Definitions. Not applicable.

4. Guidelines. Ue[da and uelding processes should be in accordance with MIL-U-8939.

5. Information for 9uidence only.

5.1 contaminants.’ AL1 surfaces of [eeda or parts to be uekled shou(d be free of conttxninants uhich uodd adversely affect
forming of the uehiecl joint.

5.2 ~(ectrical connect fona. Except Were needed to meet electromagnetic interference or system compatibility guidelines,
uelded electrical connections should not be used there it may be necessary to disconnect, rep(ace, or reconnect a part or
modu[e during servicing.

5.3 Excess coductor wire. Excess conductor uire should be trinmecl sufficiently c[ose to provide adequate clearance to
prevent possible electrical shorting but not so close as to cause damage to the welded joint.

5.4 Strain relief. Each part lead terminating at a connection point should have allo~ance for atrain relief to minimize
tenai(e or shear stress.
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GUIOELINE 25

ELECTRICAL POWER

1. Purwse. This guide(ine establishes criteria for electrical pcwer.

2. Docments acmlicabte to guideline 25:

MI L-sTo-205 Frequencies for Electric Power
MI L- STO-255 E(ectric Voltages, Alternating and Direct Current
MI L- STO-704 Aircraft Electric Pouer Characteristics
MI L-STO-1275 Characteristics of 28 Volt OC Electrica( Systems in Military Vehicles
MI L-STD-1399 Interface Standard for Shipboard Systems
MI L-STO-1539 Electrica( Power, Oirect Current, Space Vehicle Oesign Requirements
MI L-HDBK-411

3. Definitions. ,Not applicable.

4. Guidelines.

4.1 $eneral. Except as specified ba(ow, the electrical power source required for electronic equipment and associated
equipnent and for portions of systems ~loying electronic quipment should be in accordance uith MI L-STO-205 and
MI L-sTo-255.

4.2 Airborne. The electrical ~wer guidelines for airborne and associated equipment should be in accordance uith
MI L-STO-704.

4.3 Shicbo ard. The electrical poner guidelines for shipboard and associated equipw?nt should be in accordance with type I
or type 11 of section 300 of MI L- STO-1399.

4.4 -. The e~ectrical power guidelines for space equipment should be in accordance with MI L-sTD-1539.

4.S Ground vehicles. The electrical power guidelines for military ground vehicles should & in accordance with
MIL-STD-1275.

5. tnformaticm for guidance onlY. Not app( i cable.

5.1 Criticai fixed commmications and related automatic data processing facilities. The electrical power guidet ines for
critical conrnunications ad re(ated automatic data processing equipment should be for a ncminal -48 V dc uninterruptible
pewer supply in accordance ui th MIL-HOBK-411.
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1. E!Ee9se. This guideline estab~ishes cr
insulation of electrical power circuits.

2. j)octsnents arml i cable to guide( ine 26:

MI~-HDBK-454

GUIDELINE 26

ARC-RES lSTANT MATERIALS

teria for the setection and appt cation of arc-resistant materials used for

L-P-516 Plastic Sheet and Plastic Rod. Thermosetting, Cast
ZZ-R-765 Rubber, Silicone
HIL-I-1O In.dating Compound, Electrical, Ceramic, Class L
MIL-M-14 Molding Plastics and Molded Plastic Parts, Thermosetting
MIL-I-24768 Insulation, Plaatic, Laminated, Thermosetting, General Specification for
MI L-M-24325 Molding Material, Plastic, Epoxy Ccqounda, Thermosetting
MI L-P-25518 Plastic Material, Silicone Resin, Glasa Fiber Base, Lou-Pressure Lsunineted
MIL-P-46112 . Plastic Sheet and Strip, Polyimide
FED- STD-4D6 Plaatics: Methods of Teat ing
ASTM 0495-73 Standard Method of lest for High-Voltage, Low-Current Dry Arc Resistance of Solid Electrical Inautation

Materials
29CFR 1910 Code of Federal Regulations

3. Definitiona. Not applicable.

4. Guidelines. Materials should conform to table 26-I. The msterials listed have passed the minimn guidelines of 115
seconds uhen subjected to the arc-resistance test of ASTM 0495 or method 4011 of FEO-STO-406, and are listed in approximate
order of arc resistance.

5. Information for 9uidence onty.

5.1 @olicationa. Materials may be masked, if necessary, during any treatment of the equipment in which they are used
which might retwdt indegredetion of the arc-resistmt properties of the material. For parts uhich may be ●xposed to other
then high-wltage, low-current arcing, the meteriais ahouid be evaluated for overall thermsl end ●lectrical charecteristica.
Suitability for the specific application and the potentia~ for satisfactory performance in ●levated hunidity, as defined in
the detail equipinant specification, shoutd a(ao M considered.

5.2 Carcino9ena. Certain chemicals have been identified in the Occtptionel Safety and Hea(th Act (OSHA) as
cancer-producing substances (carcinogens). Before using anymeterials which might contain these chemicals, they shou[dbe
evaluated in accordance uith 29 CFR 1910. Consideration of the toxicity of a substance shoutd be given prior to material
selection.
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TABLE 26-1. Arc-resistant mater ia(s.

!lateria(s Specification w

Ceramic MI L- I-1O Al ~

Plastic(s), thermosetting, MI L-M-14 CMI-5, GOI-30, GO1-30F,
molding MAG, MAI-30, MAI-60,

MAI-100, MAT-30, MOG,
MUE, UM1-5, MMI-30, 14SG
MSI-30, SOG, SDG-F, S01-30

Molding, epoxy conpounds MIL-M-24325 MEE

Lsmineted rods and tubes MI L-1-24768 GMG

Laminated sheets ~

Glass c(oth, atelaine MI L-P-15037 @E
resfn

G(ass cloth, poLytetra- MI L-P-19161 GTE
fluoroethylene resin

Glass ctoth, si(icone 141L-1-2676S GSG
resin

Low pressure laminate, MI L-P-25518 Al~
silicone resin, g(ass
fiber base

Sheet and rod, cast L-P-516 E-2

Sheet and strip, pdyimide MI L-P-46112 At t

Silicone rthber 22-R-765 Al[
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GUIOELINE 27

BATTERIES

1. Purmse. This guideline establishes the criteria for the selection and application of batteries, including
installation and marking criteria.

2. Oocunents aml i cable to guideline 27:

MIL-B-18
MIL-B-10154
NIL-B-11188
000-B-15072
NIL-B-49030
MI L-B-49430
MIL-B-49436
NIL-B-49458 .
NIL-B-49461
MIL-B-55118
MIL-B-55130
HIL-B-55252
141L-B-81757
MI L-B-83769
DOD-STO-1578

Batteries, Non-Rechargeable, Ory
Batteries, Primsry, Water-Activated (D~k Type)
Batteries, Storage, Lead-Acid
Batteries, Storage, Lead-Acid, Portable, General Specification for (Metric)
Batteries, Dry (Alkaline)
Batteries, Non-Rechargeable, Lithium Sulfur Dioxide
Batteries, Rechargeable, Nickel-Ca&iun, Sealed
Batteries, Non-Rechargeable, Lithiun Manganese Dioxide
Batteries, Non-Rechargeable, Li this Thionyl Chloride
Batteriea, Storage, (Cells), Vented, Nicket-Ctiia
Batteriea, Rechargeable, Nickel -Ca&iLMIr Sealed
Batteries, Magnaaiun, Dry
Batteries and Ce[(s, Storage, Nicke[-Caciniun, Aircraft, General Specification for
Batteries, Storage, Lead-Acid, General Specification for
Nickel -Cackniun Battery Usage Practices for Space Vehicles Regulation 700-83, Army Material Cotnnand

3. Definitions. Not appl icab[e.

4. Guidelines.

4.1 ~. Batteries should not be used unless approw.1 by the procuring activity.

4.1.1 am acmlications. Battery pwer for Army equipment (deve(opnent and nondevelopment type) end
other- service-deve(oped e+ipment adopted by the Army should be selected in accordance with Army Material Comnand Regulation
700-83.

4.$.2 Since am licationa. Batteries for space appl i cat ions should be selected and appi ied in accordance ui th
DOD-STD”1578.

4.1.3 Lithiun batteries. IJlten lithiun batteries are to be used in an equipment, direction on their use, transportation,
storage, and di sposa[ should be requested through the procuring activity from the f o[ lowing sources:

For Army: US Army Laboratory Command
Electronics Technology and Devices Laboratory
ATTN: SLCET-P
Ft Mormnouth NJ 07703-5302

For Navy: Department of the Navy
Naval Sea Systems Comnend
ATTN : NAVSEA 652
Wash i ngton DC 20362

For Air Force: Sacramento Air Logistics Center
ATTN: Mt41EC
McC1el [an AFB CA 95652

4.2 Rechargeable batteries. Rechargeable batteries shou(d conform to 141L-B-11188, OCD-B-15072, MI L-B-49436, MI L-B-55118,
MI L-B-55130, MI L-B-81757, NIL-B-83769, or 0~-sTD-1578.

4.3 Nonrecharqeable batteries. Nonrechargeable batteries should conform to MI L-6-18, MI L-B-10154, MI L-B-49030,
MIL-B-49430, MI L-B-49458, MIL-B-49461, or MI L-B-55252.

4.4 tnstal(ation markinq. Connections, polarity, minimun acceptable voltage for equipment operation, nominal voltage, ad
type(s) of batteries requi red should be marked as applicable in a prominent place on or adjacent to the battery compartment.
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-4.5 Uarnin9 label. Battery-powered equipment, with the except ion of equipment requi ring permanent battery installation,
should be labeled externally as follows:

WANING
REMtWE BATTERIES BEFORE

SHIPMENT OR INACTIVE STORAGE
OF 30 DAYS ~ MORE

Examples of equipment requiring permanent battery insta( lat ion are sonobuoys, missiles, and fuses.

5. Information for guidance only. The battery conpertment should be provided uith devices to firmly secure the batteries.
Adequate room shwld be provided for battery i natal lat i on, msintenence, testing, and renova[ without disassetWy of the
equipment. The battery compartment should prevent pressure bui id-up from heat, gases, 1 i~ids, or chemicals released during
battery operation, charging, deteriorate ion, or r~ture, and should aiso prevent such msteri a[s from entering the electronic
conpertment. Wan magnesiun dry batteries are used, extra precautions shodd be observed since these batteries give off heat
at high rates of discharge (less than 10 hours) and ●votve hydrogen.
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GUIDELIME 28

CONTROLS

~. This guideline establishes criteria for the selection and application of controls.

Docunents ad i cable to guideline 28:

MI L-K-3926 Knobs, Control (For Use with Electronic, Communications, and Allied Equipment)
HIL-K-25049 Knob, Control, Equipment, Aircraft
MI L-D-28728 Dial, Contro(, Multi turn Counters, General Specification for

Definitions.

3.1 Qperet in9 cent rol. Operating controis are controls that may be required for use during the normal operation of the
equipnsnt.

3.2 #dius -t cmt trols. Mjuststsnt controls are controls that are used for al igmnent and calibration of the quipnent
utd ●re not used Wring norml operation of the ~ipment.

4. Guidelines.

4.1 Genera[. At ( contro(s should be marked, indexed, sized, and located so that the control position can be reedi ly
identified. Controls should have fixed guide marks if pre-setting of the contro(s is required. Controls located adjacent to
their associated displays shou[d be ao positioned that operation of the ccntrol Hi 11 not obscure the display. Controls
should be so connected in the circuit that the control led characteristics; (e. g., sensitivity, voltsne, or voltage) increase
uith clock~ise rotation of the control as seen from the operating position. In genera(, movement of a control forward,
ciockuise, to the right, or up, should turn the equipment on, cause the quantity to increase or cause the equipnent to move
forward, c~ockuise, to the right or up.

4.2 Accessibility.

4.2.1 @erat i m controls. Contro(s nereasary for the operation of the quipnent shou(d be reedi ly accessible,
otheruiaa specified shotdd be Located on the front panel of the unit.

4.2.2 #diustment controls. Adjustment controts that are required for periodic at igrsnent or calibration should

end UrLeas

be moulted
behind covered openings, such as access doors, on the surfaces of the ~ipment accessible when installed. When not
adjustable by hand, controls shoutd be designed to accept a comnon screwdriver blade tip. Controls which infrequently
require adjustment need not be accessible from the operating panel, but should be reedi ly accessible for servicing when the
equipment is opened for maintenance ~rposes.

4.3 14echanica( characteristics.

4.3.1 w. Mechanica( stops should be provided for al i adjustable contro(s, except controls designed for un(imited
rotation. Where f(exible contro( shafts are enployed, or where stopa integral to the adjustable control or the mechanism
could be damaged by excessive torque, stops shou(d be provided on the driving end of the shaft.

4.3.2 Locking devices. Control (ocking devices should be capab(e of retaining the controis in any given setting within
the range of control. The locking and unlocking action ahodd be easi ty end quick(y accomplished, and should not affect the
setting of the control. When in the unlocked position, the locking devices should not interfere ~ith the normal operation of
the contro[. Uhere vernier controls are used, the (ocking devices shwld operate on both main and vernier controls if
necessary to prevent damage.

4.3.3 Uonturn devices. Al( nonturning controis and bodies or cases of turning controls should be equipped uith a positive
device to prevent their turning in the panel or assenbly on which they are mounted.

4.3.4 Shafts and couplings. Coupling between or to shafts shou[d be accwp[ ished by means of meta[(ic or insu[ated
coup(ings rigidly secured.

4.3.5 Control knobs and hand[es. Control knobs conforming to MI L-K-3926 or MI L-K-25049 should be used wherever suitab(e.
For knobs not covered by a mi 1 itary specification, color, tactile information, and fiansnabitity guidelines should be in
accordance with MI L-K-3926. Contro[ knobs and handles should have high inpact strength and shodd be f i rm(y secured to the
contro( shafts by use of setscreus wherever that type of fastener is app[ icab(e. Plastic knobs and handles should have metai
inserts for setscrews and should not warp or crack.
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4.3.6 Multi turn counters control dials.

4.3.7 Stability. AIL controls shoutd be

MI L,- HDBK-454

Manua( (y operattd multi turn counters control dials shou(d conform to 141L-D-28728.

so designed that the setting, position, or adjustment of any control should not
be atterd when the equipnent is subjected to the service conditions specified in the detail equipment specification.

6.3.8 Factory adjustment controls. The design of equipnent should not include “factory” or seated adjustment controls,
unless specifically approved by the detai 1 equipment specification.

5. Information for guidance onty.

5.1 Arrarmment and tocat ion. Controls should be arranged to faci ( itate snmoth and rapid operation. Al 1 controls uhich
have sequential relations, *ich are related to a particular function or operation, or which are operated together should be
gr- together along ui th their associated displays. Contro[a should be convenient ( y Located ui th respect to associated
visual displays. Contro(s should be of such size and so spaced that the manipulation of a given control does not interfere
uith the aett ing of en adjacent contro(. Adjustment controls with required test points should be grc+ed and so markd as to
provide for siop( icity and ease of maintenance.

5.2 F!!! ratfon. Infrequent 1y required controls ahodd be scr~river adjusted. Play and backlash in controls
ahotdd be he~d to a ainimus comnens urste td th intended operational ftawt ions and should not cause poor contact or inaccurate
setting. Contro(s should operate free[y and Smcethty without binding, scraping, or cutting. Contro(s may be ldricated hen
lubrication does not interfere nith operation and is specified in the detail aquiprent specification.

5.3 Shafts and COUPI ings. Shafts subj act to removal may have their COUP( ings secured by two set screws 90” to 120” apart.
Flexible couplings may be used for controls where the use of rigid couplings wou[d interfere with the satisfactory operation
or mounting of such cent rols.
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GUIDELINE 29

ELECTRON TUBES

!?WPQSS. This guide~ine establishes criteria for the selection and application of electron tubes.

Docunent apdicable to guideline 29:

MIL-STD-200 Electron That Se(ection and Use of

3. Qefinitiona. Not applicable.

4. Gui&tines. Electron tubes shal 1 be se(ected and applied in accordance ~ith MI L-sTD-200.

5. [nformetion for guidance ordy. Not applicable.
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GUIDELINE 30

SEMICONDUCTOR DEVICES

1. Pumose. This guideline establishes criteria for the selection and application of semiconductor devices.

2. Docunents amlicable to auide( ine 30:

NIL-S-19500 Semiconductor Devices, General Specification for
MI L-STD-701 Lists of Standard Semiconductor Devices
MI L-STD-750 Test Methoda for Semiconductor Devices
MI L-STO-1547 Parts, Materials, and Processes for Space and Launch Vehicles, Technical Requirements for

3. Definitions. Not applicable.

4. Guidelines.

4.1 $election and”acolication Semiconductor devices shou(d be selected and sppl ied in accorcisnce with MI L-STD-701 and,
for Space Division, AFSC (SO), M~L-STD-1547.

4.1.1 Reliebi(ity. Discrete semiconductor devices in ISi i i tsry systems during f ul I scale development and production
shou(d, as a mininsxn, conform to MI L-S-19500, product assurance JANTX (eve(. JAMS (evel should be used for space
applications.

4.1.2 Order of precedence. Unless otherui se specified, the order of precedence should be as f o( 10US:

4.1.2.1 For packaged devices:

a. MI L-S-19500 - Qualified semiconductors Listed in MI L-STD-701.

b. Other MI L-S-19500 - Other qISl if ied semiconductors subject to procuring activity approvals.

c. Active DESC drauings stbject to procuring sctivi ty apprwa(.

d. Other semiconductor docunenta (ace 4.1 .3) subject to procuring activity approval. Al [ devices shoutd be screened
and tasted in accordance with 4.1.3.4.

4.1.2.2 For dice:

a. HIL-S-19500 JAN C program (see 1.2.1.2, appendix H, and detailed specifications).

b. Other semiconductor docunents subject to procuring activity approva(.

4.1.3 Qualified devices. When the contract for a design specifies the use of TX equivalent qua[ i ty level or higher or
DESC drawings, and there is a JANTX, JANTXV, or JANS device avai table, the qua 1 i f ied JANTX, JANTXV, or JANS semiconductor
should be the ord y device authorized for use.

4.1.3.1 JANS (eve[. JANS level devices should be used in space flight, and critical applications for Space Oivision, AFSC
(so). Uheti JANS level parts, in accordance uith MI L-S-19500, are not avai lablc or cannot be qualified by the manufacturer,
the guidelines of MI L-sTD-1547 should apply in accordance uith procuring activity direction.

4.1.3.2 JANTX. JANTXV, and JANS levels. JANTX, JANTXV, or JANS (eve( devices should be used in Army Missi ie Ccmnsnd, Army
Laboratory Cofnnand, Naval Air Systems Cannand and Air Force app( i cat ions other than SO space, launch, and reentry equipment.
Uhen a qualified JANTX, JANTXV device does not exist and an active DESC drawing device of the required generic chip and
package type or case outline does exist, the OESC drauing device shoutd be the preferred device authorized for that design.

4.1.3.3 JAN level. JAN level is no (onger authorized for nen designs. When JAN level doea not exist or is not avai(able
(for old design), the appropriate substitutions should be JANTX, JANTXV, or JANS when available. Uhen JANTX, JANTXV, or JANS
level devices are not avai (able, JAN leve( may be used subject to the procuring activity approval provided the devices are
screened in accordance with JANTX guidelines of table 11 and be tested in accordance with guide ~ines of table I I I (group A)
and tab(e IV (group B) of MI L-S-19500.
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4.1.3.4 Other semiconductors. Uhen MI L-S-19500 qualified devices are not available, other semiconductors may be used
subject to procuring activity approval, All devices should be screened and tested as in 4.1.3.3 above.

4.2 Sea[ing. All semiconductor devices used in equipment shou(d be hermetically sealed in glass, Iaeta L, metai oxide,
ceramic, or a combination of these. Use of plastic (organic or po(ymeric) encapsulated or sea~ed devices requires the
a~roval of the procuring activity.

5. Information for guidance on(y. Semiconductor devices are suscept ib(e to e[ectrostat ic discharge damage. Appropriate
discharge procedures should be observed prior to hand{ ing these parts, and design selections of desired devices should
include a consideration of the effectiveness of the input or other protective e(ements included in the device design.

30-2



MI L,- HDBK-454

GUIDELINE 31

MOISTURE POCKETS

1. -. This guideline establishes criteria for the treatment and drainage of moisture pockets.

2. Docunents app[ i cable to quidei ine 31. Not app[ i cable.

3. Definitions. Not applicable.

4. Guidelines. Where moisture pockets are unavoidable in unsealed equipnent, provision should & made for drainage of
such pockets. Desiccants or moisture-absorbent materials should not be used tiithin moisture pockets.

5. Information for guidance only.

5.1 Pockets. wells. and tram. Pockets, W[ Is, traps, and the 1 ike in uhich uater or condensate could co~lect then the
equipment is in norm@l position shou(d be avoided.

5.2 Sealed = iuaent. In sealed equipmnt or asaesbl iea such as waveguidea, the use of desiccants or other methods, ouch
as gas purging, is permitted.
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GUIDELINE 32

TEST PROVISIONS

1. !W2QS!?. This guideline establishes criteria for test provisions.

2. Docunents armlicable to quideline 32:

MI L-STD-415 Test Provisions for Electronic Systems and Associated
Equipment, Design Criteria for

MIL-sTD-2165 Testability Program for Electronic Systems and Equipments

3. Definitions. Not applicable.

4. Guidelines.

4.1 Built-in test devices. Bui it-in test devices should maintain their accuracy under al 1 operating conditions required by
the equifxnent under teat. These devices should be provided Hi th connect ions or access for their operat ionel checkout or
calibration.

4.2 External test co ints. Protection shodd be provided in the test point ci rcui try to prevent equipnent damage caused by
the externa[ grounding of test points.

4.3 Fai(ure effect. Unless other~ise specified, provisions for testing shou[d be so designed that any fai Lure of bui (t-in
test devices ui It not degrade equipmmt operation or cause equipment shut doun.

4.4 Test provisions. Test provisions to provide means for monitoring performance, calibration, and fault isolation shou(d
be in accordance with MI L-STD-415.

5. Information for guidarue only.

5.1 Testability P row-am. Uhen specified by the procuring act
accordance with MI L-sTD-2165.

vity, a testabi 1 ity program should be implemented in
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GUIDELINE 33

RESISTORS

1. -. This guideline establishes criteria for the selection and application of resistors.

2. Docunents a~l i cable to guide( ine 33:

MI L-T-23648 Thermistor (Therme[ ly Sensitive Resistor), Insulated, General Specification for
MI L-STD-199 Resistors, Selection and Use of

3. Definitions. Not app( i cable.

4. Guidelines.

4.1 Selection. Resistors shoutd be selected and awl ied in accordance with MI L- STD-199.

4.2 Thermistors. “ Thermistors should conform to MI1-T-23648.

5. Information for guidance only. Not appl icabte.
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GUIDELINE 34

NGt4ENCLATURE

1. Purpose. This guideline establishes criteria for ncmenc{ature (item name and type designation).

2. Docunent applicable to guideline 34:

MIL-sTD-196

3. Definitions.

4. Guidelines.
MI L-sTD-196.

Joint Electronics Type Designation System

Not applicable.

tannames and type designations for electronic equipment should be estab~ i shed in accordance uith

5. Information for qui dance oniy. The assigfvnent of type designat i as does not constitute approva \ of equipment or the
use of a particular item in a spacif ic aet and does not uaive any guidei ines of the contract involved, nor does the a~roval
of the equipment con$t i tute approval of the type designation assigmnent.
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GUIDELINE 35

RELIABILITY

1. ~. This guideline offers guidance as to re(iabi iity guidei ines which may be considered when preparing
cent ractua L documents. Re(iabi ~ity program tasks, quantitative guidelines, and verification or demonstration guidelines may
be directly specified in the contract or the system/equipnent specif i cat ion, as appropriate.

2.

3.

4.

s.

5.1

Docunents amlicable to guideline 35:

~lL-sTD-721 Definitions of Terms for Reliability and Maintainability
41L-STD-7S6 Reliability Modeling and Prediction
41 L-sTD-781 Reliabi lity Design Qualification and Product Acceptance Tests: Exponential Distribution
41 L-STD-785 Rel iabi i ity Program for Systems and Equipment Development and Production
ilL-sTD-1629 Procedures for Performing a Fai lure Mode, Effects and Criticality Analysis
iIL-HDEK-217 Reiiabi lity Prediction of Electronic Equipnent

Definitions. ‘Not applicable.

Guidelines. Not applicable.

Information for guidance oniy.

Reliability P rogram. Rel iabi i ty engineering and accounting tasks aimed at preventing, detecting, and correcting
rel iabi 1 i ty design deficiencies, weak ~arts, and workmanship defects and Droviding rel iabi [ ity related information essential
to acquisition, ~perat ion, and support” management should be’ inciuded in contract guidelines W; th the objective of
establishing and maintaining an efficient reliability program according to life cycle phase. MI L- STD-78S is the overa(l
program docunent for the area. It is sectionalized into individual task statements and requires extensive tailoring ~hen it
is applied. Detai led application guidance as to the nature of the tasks and when they should be imposed ia provided. Other
reliability docunents which may be invoked through MI L- STD-78S or uhich may be cited directly as a basis for contract
guidelines include !IIL-sTD-721, MIL-sTD-756, 141L-sTD-781, MI L-sTD-1629, ad MI L-HDBK-217.

5.2 Quantitative guidelines. Quantitative reliability guidelines and verification or demonstration guidelines should be
established appropriate to program phase.
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GUIDELINE 36

ACCESSIBILITY

1. Purpose. This guide[ ine establishes criteria for accessibility.

2. Documents amlicable to guideline 36:

141L- STD-280 Definition of 1 tem Levels, [tam Exchangeabi t ity, Models, and Related Terms
MI L-sTD-721 Definitions of Terms for Re[iabiiity and Maintainability
MI L- STD-1472 Hunan Engineering Design Criteria for Mi litary Systems, Equipnent and Faci (i ties

3. Definitions.

3.1 Accessibi [ ity. Accessibility is as defined in MI L-STD-721.

3.2 Part. subass+ty. and assembly. Part, subassembly, ati assenbly are as defined in MI L-STD-280.

6. Guidelines.

4.1 Access Each artic(e of equipment and each major subass~ly forming a part thereof should provide for the neceaaary
access -“ interior parts, terminals, and uiring for adjustments, required circuit checking, and the removal and
replacement of maintenance parts. Accessibi i i ty for testing and replacement does not apply to parts iocated in nonrepai rable
subassenb( ies or assembl i es. For routine servicing and maintenance, unsoldering of wires, wire harnesses, parts or
subasstil ies should not be requi red in order to gain access to termina[s,
like.

soldered connections, mounting screws and the
inspect ion ui t?dows should be provided where necessary. Sizes of openings, maxitmsn reach guidelines, and allowable

sizes and weights of replaceable assemb~ies should conform to Limits established in MI L-STD-1472.

4.2 Connections. Connections to parts inside a removable container should be arranged to permit removal of the container
without threading connect ion leads through the container.

4.3 =. Parts which are identified as replaceable parts shou(d not be mounted by means or rivets, spot wetding, or
hard curing conqm.mds. No unsoldering or soldering of connections ahouid be necessary when the f rent panel or any wbchassis
is removed for maintenance purposes. Design should be such that where plug-in modules or ass-lies are used, they can be
easily inserted in the proper location when correct iy oriented without dmnage to equipment or parts being engaged.

4.4 fjnclosures. Acceasibi lity to chassis, assenbt ies, or parts contained within cabinets , consoles or other enclosures
should be provided from outside the basic equifanent through the use of access doors, by mounting such i terns on wi thdraual
S[ ides, swinging doors, through cable extenders and cable retractors, provisions for circuit card extenders which wi 11 aL(ow
part or module operation in the open position, or other arrangements to permit adequate access for proper[y servicing the
equipment. Automatic or manual iy operated [ocks should be provided to lock the chassis in the servicing posit ion. IJhen
withdrauat St ides are used they should h-e of guided sectional construction with tracks and rol lers. Cmnplete removal and
access for servicing of electronic equipnent contained within cabinets, consoles or other enclosures should be provided from
either the front or rear of the equipment. Guide pins or locating pins, or the equivalent, should be provided for mechanical
a(igrsnent during mounting. Shipboard equipment should have ccmplete access for maintenance and servicing from the front of
the equipnent.

4.5 Bolt-together racks and enclosures. For Navy ship and shore applications, when bolt-together racks are requi red,
fastening should be provided to bolt adjacent racks together at the top with externa( brackets and through the bottom of the
rack to a base or foundation. Bottom mounting should be accessible from the front ui th minimum diaass~ly of internal parts
or subassenb( ies.

5. Information for guidance only.

5.1 Compatibi[ity. Equipment shou(d be designed for optimun accessibility compatible with operating,
electromagnet ic ccmpat ibi Lity, and enclosure guidel ines.

5.2 -. If, in order to check or remove a part, i t is necessary to displace some other part, the
so wi red and mounted that it can be moved without being disconnected and without causing circuit
detuning or instabi ~ity.

maintenance,

atter part shou[d be
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GU1OELINE 37

CIRCUIT BREAKERS

1. Purpose. This guide[ine establishes criteria for the selection and appl

2. Docunents appi i cable to guide[ ine 37:

MI L-STD-1498 Circuit Breakers, SeLect ion and Use of

3. Definitions. Not appl icabie.

4. Guidelines.

cation of circuit breakers.

4.1 Selection and am(ication. Circuit breakers should be selected from MI L- STD-1498. Trip-free circuit breakers should

be used. Nontrip-free circuit breakers should be used only when the application requires overriding of the tripping
mechanism for emergency use.

4.2 Manual ODe ration. Circuit breakers shou(d be capable of being manual(y operated to the ON and OFF positions. Circuit
breakers shodd not be used as ON-OFF switches unless such breakers have been specifically designed and tested for that type
of service.

4.3 Position identification. Circuit breakers should have easily identified ON, OFF and TRIPPED positions except that the
TRIPPED position may be the same as the OFF position with no differentiation between OFF and TRIPPED being required.

4.4 Orientation. Circuit breakers should operate when permanently inclined in any direction up to 30° from the normal
vertical or normal horizontal position. The trip point of an inclined unit should not vary more than +5 percent of the
current specified for normal position mounting. Circuit breakers used on flight equipnent and portable test equipnent shou(d
operate within the limits of the detail specification when the equipmt is in any position or rotation about its three
principa[ axes.

5. Information for quidance only. Not applicable.
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GUIDELINE 38

QUARTZ CRYSTALS AND OSCILLATOR UNITS

1. PurDose. This guideline establishes criteria for the selection of quartz crystat units and crystal osci(iators.

2. Docunents applicable to guideline 38:

MI L-O-55310 Oscillators, Crysta(
MI L-STD-683 Crysta( Units, Quartz; and Ho[ders, Crysta(

3. Definitions. Not applicable.

4. Guidelines.

4.1 Quartz crystals. Quartz crystal units should be se[ected in accordance with MI L-sTD-683.

4.2 Crystal oscil~ator units. Crystal oscillator units shou(d conform to M1L-O-5531O.

5. Information for guidance only. Not applicable.
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GUIDELINE 39

FUSES ANO FUSE HOLOERS

1. Purpose. This guideline establishes criteria for the se
hardware.

2. Docunent awl i cable to guideline 39:

MI L- STD-1360 Fuses, Fuseholders, and Assoc

3. Definitions. Not appt icabte.

4. Guidelines.

ection and app( i cation of fuses, fuseho (ders, and associated

ated Hardware, Se(ection and Use of

4.1 Selection ad acOlication. Fuses, fuseholders, and associated hardware should be selected from MI L-sTD-1360.

4.2 Extractor Dost tm f uaeholders. The load should be connected to the fuseholder terminal that terminstea in the
removable cap aasenWy.

5. Information for guidance only.

5.1 Branch circuits. Fusing should be so applied that fuses in branch circuits wi (( open before the fuses in the main
circuit.

5.2 Thermal considerations. Fuses are thermal ly activated devices. In general, time de[ay fuses are most susceptible to

ambient temperature extremes; current 1 imi ters the (east.

5.3 Load current considerations. Fuse ratings are in terms of RMS, not average, 1 ine currents measured using true RMS
reading instruments. Direct current lines having a pu(sating ccmponent should be measured using a true RMS reading
instrument.
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2.

3.

4.

5.

MI L- HDBK-454

GUIDELINE 40

SHUNTS

WFX12Q. This guidel ine establishes criteria for the selection of externa~ meter shunts.

Docunents am(icable to guideline 40:

MI L-S-61 Shunt, lnstrunent, External, 50 millivolt (Lightweight Type)
MI L-I-1361 Instrument Auxi I iaries, E[ectrica( Measuring; Shunts, Resistors,

Definitions. Not applicable.

Guide( ines. External meter shunts should conform to MI L-S-61 or MI L-I -1361, as

Information for guidance only. Not applicable.

and Transformers

applicable.
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GUIDELINE 41

SPR 1NGS

1. Purpose. This guide(ine establishes criteria for the design, se[ection, and application of springs.

2. Docments applicable to guideline 41:

QQ-S-766
QQ-t/-32l
MI L-S-7947
MI L-S-13282
MI L-s-13572
MI L-C-19311
MI L-S-46049
MI L-C-81021
ASTM A29/A29M
ASTM A228/
A22LWI-83
ASTM A313
ASTM A682
ASTM A684/
A684M-86
ASTM S122

ASTM B139/
B139M-90
ASTM B151/
B151-11 .89
ASTM S194
ASTM s196/
B19641-88
ASTM 0197/
B197M-89
ASTM s206
ASTM B206M
ASTM B522

3. Definitions.

6. Guidelines.

Steel, Stainless and Heat Resisting, Ailoys, Plate, Sheet, and Strip
Wire, Copper Al 10Y
Steel, Sheet and Strip (1095) Aircraft Quality
Silver and Silver Alloy
Spring, He( icai, Compression ard Extension
Copper-Chromium Alloy Forgings, Wrought Rod, Bar and Strip (Copper A11oY Ntmbers 182, 184 and 185)
Stripc Metal, Carbon Steel, Cotd rol led, Hardened and Tempered, Spring Qua(ity
Copper- Beryllium Alloy (Copper Alloy N!mbers C17500 and C1751O), Strip
Steel Bars, Carbon and Alloy, Hot Urought and Cold Finished, General Requirements for
Steel Wire, Music Spring Quality

Chromiun-Nickel Stainless and Heat Resisting Steel Spring Uire
Steel, Strip, High Carbon, Cold Rol lad, Spring Quality, General Requirements for
Steel, Strip, High Carbon, Cold Roiled

P(ate, Sheet, Strip and Roller Bar, Copper Nickel Tin Alloy, Copper Nickezinc (Nickel Silver), and
Copper Nickel Alloy
Bronze, Rod, Bar

A(loy (Nickel Silver) Copper Nickel Zinc and Copper Nickel
Rod and Bar
Copper-Beryllium Alloy Plate, Sheet, Strip, and Ro(led Bar
Copper- Bery((iun Al Ioy Rod and Bar

Co~r-Berylliun A[loy Uire

C-r Nickel Zinc Aliov Uire and Copper Nickel Alloy Wire
C@&r Nickel Zinc Alloy Uire and Copper Nickel Alloy
Gold- Silver-P Latinun E(ectrica( Contact Alioy, Specif

Not app~icable.

Uire Metric
cation

4.1 Helical sprirvas. Helical springs should conform to MI L-s-13572.

4.2 Electrical contact sprinas. E(ectrica( contact springs should use materia~s setected from table 41-1.

4.3 Carbon steel springs. Carbon stee( springs should be suitably plated or finished to resist corrosion.

5. Information for guidance only.

5.1 Corrosion resisting steel. Corrosion resisting steel springs are preferred where electrical conductivity is not a
considerate ion and where they are adequate for the purpose intendad.

5.2 Fatigue limits. Fatigue timits of the springs should not be adversely affected by corrosion, operating temperature,
and other environmental conditions in service. Fatigue [imits should be consistent with the maximun specified operating
cycles for the respective part or equipment or, if such is not specified, with the maximum duty cycle to be expected during
the equipment service Life.

5.3 Electrical conductivity. Electrical corduct ivi ty of contact springs should not be adversely affected by corrosion,
operating temperature and other envi rot-mental condi tions in service.

5.4 Enclosure. Uhere practicable, springs shou(d be enctosed in housings or otherwise captivated in order to prevent
broken pieces from entering and adversely affecting the equipnent.
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5.5 Heat treatment. Springs made of materials that achieve their desi red properties by heat treatment, such as
copper -beryllium alloys, annea~ed carbon steels, CRES steels, or heat resisting al(oys, shou(d be heat treated to the
specified tenper after forming.

5.6 Grain orientation. Fiexure and forming of springs shou~d be designed to occur perpendicular to the grain of the
material. Deviation from the perpendicular shoutd not exceed 45°.

5.7 Docunents for wecifving materials. When the materials iisted in tables 41-1, 41-11, and 41-111 are used, they shou{d
conform to the specifications (isted for each mater iat.

TABLE 41-1. Materials for electrical stming application.

Material
!fateria( Form specification

copper-nickel-zinc alloy P(ate, sheet, strip and ASTM 6122
rol(ed bar

Rod, shapes and flat products
with finished edges (flat ASTM 6122
wire, strip and bar) ASTM 6151

ASTM 6206

Copper -beryllium al(oy Bars and rod ASTM B196

Ui re ASTM B197

Strip ASTM 6194

Copper alloy Wire, spring QQ-w-321

Copper-cobs Lt-berylliun Strip MI L-c-81021
alloy

Copper-chromiun alloy Bar, rod, and strip MI L-C-19311

Phosphor bronze Bar, rod, plate, sheet, strip, ASTM 6139
and flat wire

Platinun-iridiun alloy Strip ASTM B522

Silver-copper a~loy Bar, rod, plate, sheet, strip, MI L-s-13282
and Mire

Palladiun-copper alloy Metals
Handbook, vol I
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TABLE 41-11.

E

Materiat

Steel, CRES

MI L- HDBK-454

Corrosion resisting steei for springs.

Form

Ui re
Strip

=

Materiai
specification

ASTM A313
QQ-s-766

TABLE 41-111. Carbon steel for springs.

Material
Material Form specification

Steel, high carbon Uire, spring, nwsic ASTM A228

Steel, carbon and alloy Strip, co(d ro((ed ASTM A682
(for springs) untempered spring ASTM A684

Steel, carbon and alloy Bars, round, square
(for springs)

ASTM A29
and flat

Steel, carbon, strip Cold rolled, hardened MI L-s-46049
and tempered spring

Steel, carbon (1095) Sheet and strip A-anneaLed MI L-S-7947
(condition 1) H-hard temper
(condition 3) cold finished

41-3





1. Purpose. This guideline establishes cr

2. Docunents amlicab(e to guide(ine 42:

MIL-HD8K-454

GUIDELINE 42

TUN[NG DIAL MECHANISMS

ter a for the design of tuning dia~ mechanisms.

MI L-S-3644 Shaft AssenMy, Flexible
MS33558 Nunera Ls and Letters, Aircraft Instrument Dia L, Standard Form of

3. Definitions. Not applicable.

4. Guidelines.

4.1 ~. The division marking and lettering on tuning dials shou[d be suitabLy etched or printed ~ith characters of
styla MS33558. Dial, markings shou(d be [egibLe at a distance of 0.6 meter from any point uithin a so(id angle of 60” defined
by a surface of revolution about a 1 ins through the center of the dial arxi perpendicular to the panel. Minimun space betuean
characters should be one stroke width. The width of the lubber 1 ine or pointer tip should not exceed the width of the
graduation merks. Except for digital timing indicators, for uhich ordy one calibration nmber will be seen, dials should be
marked so that et least two calibration twmb.ers on each band can be seen at any dia[ setting.

4.2 Balance and friction. Ueighted tuning knobs should be counterbalanced. Friction in tuning dial mechanism should
al(o~ smooth and easy adjustment of the operating knob over the entire operating range of the mechanism, but should have
sufficient resistance or shouid incorporate a positive locking device to maintain the setting under at~ specified service
conditions. Friction shou[d be achieved through dry or elastic resistance rather than by f(uid resistance.

4.3 Flexibie controi shafts. F[exible shaft assemblies conforming to MI L-s-3644 should be used when a flexib~e mechanica(
connect ion is requi red betueen the tuning knob and the tuned device.

5. Information for widance only.

5.1 Tuning ratio. The tuning ratio used should & the optimun which ni 11 permit kth rapid and precise setting.

42-1





MI L- HDBK-454

GUIDELINE 43

LUBRICANTS

1. Purposes. This guide[ine establishes criteria for the se~ection and application of Lubricants.

2. Docunents applicable to guidetine 43:

W-L-800 Lubricating Oi 1, Genera( Purpose, Preservative (Uater-Displacing, Lou-Temperature)
vV-P-236 Petrol atun, Technicat
MI L-L-2105 Lubricating Oil, Gear, Mutti-Purpose
MI L-L-3150 Lubricating Oi 1, Preservative, Mediun
MIL-L-3918 Lubricating Oi 1, Instrument, Jewel Bearing
MI L-L-6085 Lubricating Oil, [nstrment, Aircraft, LobI Volatility
MI L-L-6086 Lubricating Oi 1, Gear, Petrol em Base
MI L-L-15719 Lubricating Grease (High-Temperature, Electric Motor, Bal 1 and Roller Bearings)
MI L-L-17331 . Lubricating Oi 1, Steam Turbine (Noncorrosive)
NIL-H-17672 Hydrauiic Fluid, Petroleun, Inhibited
MIL-L-23398 Lthricant, Solid Film, Air Cured, Corrosion Inhibiting
MIL-G-23827 Grease, Aircraft and Inatrunent, Gear and Actuator Scr~
MI L-G-24139 Greaae, Multi-Purpose, Quiet Service
DOD-G-24508 Grease, High Performance, Multi-Purpose (Metric)
MI L- L-4601O Lubricant, Cleaner, and Preservative
MI L-G-81322 Grease, Aircraft, Genera[ Purpse, Wide T~erature
MI L-L-81329 Lubricant, SoLid Film, Extrems Environment
29 CFR 1910 Code of Federa~ Regulations

3. Definitions. Not applicable.

4. Guidelines.

4.1 General. Lubricants should conform to one of the follouing:

W-L-800 MI L-L-6086 MIL-G-24139
w-P-236 MI L-L-15719 DOD-G-24508
MIL-L-21D5 MIL-L-17331 M1L-L-4601O
MIL-L-3150 MIL-H-17672 UIL-G-81322
MI L-L-3918 MI L-L-23398 MI L-L-81329
MI L-L-6085 MI L-G-23827

4.2 Siiicones. Silicone conpounds shou(d not be used as lubricants.

4.3 Graphite base lubricants. Graphite base lubricants should not be

5. Information for guidance on[y.

Range

used.

5.1

5.2

5.3

5.4

!@@Y. The rsmber of different iubricanta should be held to a minimun.

Volatility. Lou volatility lubricants should be used where practicat.

cc#nDa tibitity. The (ubricant should be chemically inert with regard to the materials it contacts.

Care i nogens. Certain chemica(s have been identified in the occupational Safety and Hea(th Act (OSHA) as
cancer-producing substances (carcinogens). Before using any materials ‘~ich might contain these chemicals, they should be
evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given prior to material
selection.
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1. Pure.ose. This guide(
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GUIDELINE 44

FIBROUS MATERIALS, ORGANIC

ne establishes cr’ teria for the se(ection and appl i cation of organic fibrous mater als.

2. Docunents apD[icable to guide(ine 44:

v-T-276
V-T-285
V-T-291
V-T-295
CCC-C-428
f41L-U-530
MI L-c-572
MI L-T-3530
MI L-U-4088
M[L-C-9074
MIL-U-27265
29 CFR 1910

3. Definitions

4. Guidelines.

4.1 Webbing.

Thread, Cotton
Thread, Po(yester
Thread, Linen
Thread, Nylon
Ctoth, -Duck, Cotton; Fire, Uater, Ueather, and Milde~ Resistant
Uebbing, Textile, Cotton, General Purpose, Natural or in Colors
Cords, Yarns, and Monofi(aments, Organic Synthetic Fiber
Thread and Twine, Mildew Resistant or Uater Repel lant Treated
Uebbings, Textile, Uoven Nylon

‘Cloth, Laminated, Sateen, Rtirizad
Webbing, Textile, Uovem Nylon, Inpregnatecl
Code of Federal Regulaticma

Not applicable.

4.1.1 Cotton. Cotton webbing shou[d conform to MI L-U-530, class 4 or 7. Class 7 shou(d be used when webbing wi(( come in
contact with natural or synthetic rubber or class 4 when pro~onged contact with the skin may occur.

4.1.2 ~. Nylon uebbing should conform to MI L-U-4088 or class R of MIL-u-27265.

4.2 Cotton duck. Cotton duck used for protective enclosures shoutd conform to
texture nwbar 4 should be used for heavy duty service and hard texture nunber 12
requiring (ight ueight.

4.3 Thread Thread shouid conform to V-T-276, V-T-285, V-T-291, or V-T-295.—.

type I or type 11 of CCC-C-428. Mediun
shoutd be used for services

4.3.1 Treatment. Cotton and linen thread should be treated in accordance with MI L-T-3530. Type 1, class 2 mi(deu
inhibiting agent should be used when thread ~ill come in contact with natural or synthetic rubber or type 1, ciass 1 when
prolong contact with the skin may occur.

4.4 Sateen. Laminated, two-p(y rubberized cotton sateen should conform to MI L-C-9074. This sateen should not be used
when prolonged contact with the skin may occur.

4.5 Cords. yarn. and monofilament. Cords, yarns, and monofilament should conform to MI L-c-572. Types PVCA, AR, VCR,
and CTA should not be used where they may be exposed to fungus attack.

5. Information for guidance only.

5.1 Shrinkaqe. Fabric arwd thread shou[d be preshrunk or allotiance should be made for shrinkage in order to provide for
satisfactory fit of finished items both before and after they are imnersed in water and then dried.

5.2 Carcinogens. Certain chemicals have been identified in the Occupational Safety arwl Health Act (OSHA) as cancer
producing substances (carcinogens). Before using any materials which might contain these chemicals, they should be evaluated
in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given prior to materia~ se~ection.
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GUIDELINE 45

CORONA AND ELECTRICAL BREAKDOWN PREVENTION

1. PurDose. This guideline estab[ ishes criteria for the prevention of corona and etectrica[ breakdown.

2. Documents amiicable to guideline 45:

ASTM D149 Dielectric Breakdown Voltage
Comnerci al Power Frequencies

ASTM DIM Detection and Measurement of

3. Definitions.

3.1 Corona (air>. A luminous discharge due to

and Dielectric Strength of

Partial Discharge (Corona)

So Lid Electrical [nsu(ating Materials at

Pulses in Evaluation of Insulation Systems

ionization of the air surrounding a conductor caused by a voltage gradient
exceeding a certain critical value, called the partial discharge (Corona) Inception Vottage (CIV).

3.2 Partia[ discherge (corona) inceDtion voltage (CIV2. The lowest rma vo~tage at Aich continuous partial discharges
above some stated msgni tude (which may define the Limit of permissible background noise) occur as the applied voltage is
gradually increased.

3.3 Partial discharqe (corona) extinction voltage (CEV}. The highest rms voltage at which partiai discharges above some
stated magnitude no [onger occur as the applied voltage is gradual (y decreased from above the inception
voltage.

3.4 Breakdown. A disruptive discharge through insulation, invo ~ving a sudden and 1arge increase in current through the
insulation because of complete fai lure under e~ectrostatic stress. A(so called lxncture.

4. Guidelines.

4.1 Corona Drevent ion. The CEV shouid be at least 150 percent of the peak
specified steady-state rms SUPPLY voltage. This guideiine applies:

a.

b.

c.

uIIen the equipment
and;

When the equipment

Uhen the equipment

is terminated ui th the cabling or other accessory

circuit voltage, corresponding to the maximun

aquipmant uith which it is intended to be used

is operated under the specified environmental service coalitions and;

is supptied with the specified power source frequencies and voltages including cc+nnonly recurring
transients.

4.2 Electrical breakdown prevention. The equipnent should be designed and manufactured with electrical ctearance spacing,
(eakage (cree~ge) distances. and insulation characteristics adequate to prevent electrical breakdown. This guidel ine
a~l i~s under’ a~ 1 specified envi rofsnental service conditions including service 1 i fe and using the specified operating
voltages ( including transients). Liquid dielectrics, gases other than air, or pressurization to prevent electrical breakdown
shou~d not be used unless approved by the procuring activity.

5. Information for guidance only,

5.1 Effects of corona. Corona occurring at the interface of an insulator and a metal can damage or reduce the ( ife of an
insulating ayatem. In genera 1, inorganic insulating materials are more resistant to the damaging effects of corona than
organic inautating materials. Corona a~so generates elect rcmagnet i c interference and 1 i berates ozone, a toxi c, oxidant gas.

5.2 Insulation systems. Corona can occur within cavi ties between an insulating materiat and a metal surface which are in
contact. Therefore, care should be exercised to avoid cavities at such interfaces where high voltages are encountered.

5.3 14eta( parts. Sharp edges and points should be avoided on meta( parts ~hich are included in high intensity electric
fields.

5.4 Corona testing. There are many factors which determine whether or not corona wit 1 occur, including temperature, -
humidity, ambient pressure, test specimen shape, rate of vo(tage change and the previous history of the applied vo(tage.
Test methods such as ASTM D1868 may be used but the test results lack accuracy and repeatabi 1 ity and require great care due
to the personnel hazards involved.
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5.5 Electrical breakdown testing.
The bre~kd~~n vo[tage Of a giVen insulating ‘ateria L

is dependent upon e~ ect rode s i ze

ad shape, insulator thickness, temperature, humid itY, rate
of voltage application, vo~ta9e

waveform and vo( tage frequency.

is evaluated under the actual environmental

When testin9, care ~st be ‘Xercised ‘0 ~’~~a~h~~et&~~’&~i~ ~~~~~~r toca~i zed heating does not mask the true
conditions which app~y to the equipment

A test usab~e at power frequencies (25 to 800 Hz) is ASTM D149.breakdown vol ta9e -
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GUIDELIME 46

MOTORS AND ROTARY POUER CIXVERTERS

1. E!EIQse. This guide( ine establishes criteria for the selection and a# ication of motors and rotary pouer converters.

2. Docunents am licable to guideline 46:

MI L-G-3111
HIL-G-3124
N[L-M-4820
MIL-M-7969
MI L-M-86C9
MI L-M-9397
MIL-M-17059
MIL-H-17060
MIL-M-17413 .
MIL-M-17556
MI L-N-19097
MI L-M-19160
aIL-i4-19633
MI L-B-23071

Generator, Electric, Direct Current (Nava[ Shipboard Use)
Generator, Alternating Current, 60 wc le (Naval Shipboard Use)
Notor-Generator, Skid Momted, Type MD-4
Motor, Alternating Current, 400 Cycla, 115/200-Volt System, Aircraft, Genera( Specification for
Motors, Direct Current, 28 Vott System, Aircraft, General Specification for
Frequency Converter, Mobi la, Type KC-1A
Motor, 60 Cycle, Alternating Current, Fractional Horsepower (Shipboard Use)
Motors, 60 Hertz, Atterneting Current, Integral Horsepo+m?r (Shipboard Use)
Uotora, Direct Current, Integral Horsepower, Naval Shipboard
Motor, Di ract Current, Fract iond Horaepouer, (Shipboard Use)
?iotor+enaratora, DC to AC, Shipboard Service
Motor-Generator, 60 Hertz AC to 400 Hertz AC, Shipboard Service
Motor-Generator, 60 Cycle AC to 400 Cycle AC (Voltage ad Fraqency Regulated) Shipboard Service
Blwers, Miniature, for Cooling Electronic Equipment, General Specification for

3. Definitions. Not applicable.

4. Guidelines.

4.1 Motors - al ternet ing current. Alternating current motors should conform to MI L-M-7969, UIL-M-17059 or 141L-M-17D60,
except that any motor used with a miniature blower for cooling electronic equipment should be in accordance ~ith HIL-B-23071.

4.2 Notora - direct current. Direct current motors should conform to MIL-U-8609, HIL-H-17413 or NIL-M-17556.

4.3 Motor - 9 eneratora. Motor - generator should conform to one of the f ol lowing:

MI L-H-4820 ‘141L-H-19160
NIL-M-9397 141L-H-W633
MIL-M-19097

4.4 Generators - alternating current. Alternating current generators shodd conform to NIL-G-3124.

4.5 Generatora - direct current. Direct current generators should conform to MIL-G-3111.

5. Information for guidance only. Not applicable.
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GUIDELINE 47

ENCAPSULANT ION ANO EMBEDMENT (POTT lNG)

1. !w.@9E. This guideline establishes criteria for encapsulating and embedding (ootting) a Mrt or an assembly of
discrete parts. Conformal coating of printed circuit asseh[ies is

2. Docments amlicable to guideline 47:

MI L-s-8516 Seating Conpound, Polysulfide Rubber, Electric
MI L-I-16923 Insulating Ccmpound, Electrical, Embedding
MIL-s-23586 Seating Capound, Electrical, Siticone Rukber,
HIL-M-24041 140(ding and Potting Conpound, Chemically Cured,
MI L-I-81550 Insulating Ccmpwnd, E(ectrica\, Enbedding, Reversion Resistant Silicone
29CFR 1910 Code of Federal Regulations

-.
excluded fran this guideline.

Connectors and Electric Systems, Chemically Cured

Accelerator Required

8 Polyurethane (Polyether Based)

3. Definitions.

3.1 ptcamulation. A process for encasing ● part or an asseab(y of discrete parts ui thin ● protective meteria( uhich is
generally not over 2.5 tnn thick and does not require a mold or container.

3.2 Enbednent ( cmttin~. A process for encasing a part or an assenbly of discrete parts within a protective material
which is generally over 2.5 SSII thick, varies in thickness, f i 11s the connecting areas within an assenbly, and requires a mold
or container to confine the material while it is hardening. Potting is an embedding process tiere the protective material
bonds to the mo(d or container so that it becomes integral ~ith the item.

4. Guidelines. Encapsulation and enbednent materia(s should be of a nonreversion type acd should be selected frcun the
following specifications: MIL-s-8516, NIL-1-16923, NIL-S-23586, MI L-M-24041, and MI L-I-81550. The materia(s se~ected shou(d
be capable of filling all voids and air spaces in and around the items being encased. For Air Force appl i cations, approval
for use of any material other than transparent silicone in accordance uith MI L-1 -81550 shou(d be requested through the
procuring activity.

5. Information for guidance only.

5.1 Selectitm. The fol lo~ing points should be considered uhen selecting an encapsulation or embechmt material:

a.

b.

c.

d.

e.

f.

9.

h.

i.

j.

k.

[.

Need for precautions due to hazardous characteristics of the material.

Electrical, mechanical and thermal properties, including tear resistance, resistance to f(eme, chemicals, moisture,
water, huni di ty, fungus, and t~rature extremes.

Color or transparency.

Dissipation factor.

Specific gravity.

Shrinkage.

Heat distortion parameters.

Stresses on parts.

Durcmeter hardness.

Adhesion to substrates (and priming).

Temperatures of application and curing.

Repairability.
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m. Dielectric constant.

t-1. Volme resist ivity.

o. Reversion resistance, including hydrolytic stability.

P. Viscosity.

q. Solvent affects.

r. Compatibility ~ith parts or assemblies to which applied.

5.2 @~ication. The encapsulation or enbednent of microelectronic mdules and equipnent modu~es should be avoided,
except uhere specifically indicated by the guidelines of a particular application. In such instances, the module design
should be completely verified for the particular encapsulation or anbednent materials and processes to be employed. Any
changes in modu(e design, mater iala, and processes may require re-evaluation of the modules. In particular, extreme
taqwature aging and teqwature cycling tests should be performed to verify adequacy of the design. Uherever economical (y
feasib(e, the mcdule to be encapsulated or anbddad should be designed as a throu-auay mi t.

5.3 Carci nowns. Certain chemicals have been identified in the Occupational Safety snd Health Act (OSHA) as
cancer-producing substances (carcinogens ). Before using any materia[s uhich might contain these chemicals, they should be
evaluated in accordance ui th 29 CFR 1910. Consideration of the toxicity of a substance should be given prior to material
selection.
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GUIDELINE 48

GEARS

1. Purpose. This guideline establishes criteria for the setection and application of gears.

2. Documents awlicab(e to guideline 48:

Index American Gear Manufacturers Associ at ion (AGMA)

3. Definitions. Not applicable.

4. Guidelines. Gears not operating in a lubricant bath should be made of corrosion resistant materials. Gears operating
in a lubricant bath containing a corrosion inhibiting additive may be made of noncorrosion resistant materials.

5. Information for guidance only.

5.1 Designs tion. Gears should be designated, dimensioned, tolerancad and inspected in accordance uith the applicable AGMA
specifications.

5.2 Planetary or epicyclic qearing. P(anetary or ●picyc( ic gearing is preferred to worm gearing.

5.3 Nonmetallic gears. Norsneta( ( ic gears may be used tien they meet toad, 1 ife, and enviromenta[ guidelines of the
applicable specification.
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GUIDELINE 49

HYDRAULICS

1. -. This guide[ine establishes criteria for the design and instal [at ion of a hydraulic system when i t funct ions
as an integral part of an electronic system.

2. Docunents amlicable to guide(ine 49:

MI L-H-5440
MI L-H-8891
MI L-H-25475

ANSI 893.1
ANSI B93.2
ANSI 693.3
ANSI 693.4
ANSI B93.5
ANSI B93.6

ANSI 693.7
ANSI 693.8

ANS1 B93.9
ANSI B93.1O
ANSI 993.11
ANSI SAE J514
ANSI SAE J518

3. Definitions.

4. Guidelines.

Hydraulic Systems, Aircraft, Types 1 and 11, Design, Instal [at ion, and Data Requirements for
Hydraulic Systems, Manned Flight Vehicles, Type 1 I 1, Design, Instat (at ion, and Data Requirements for
Hydraulic Systems, Missi le, Design, Instal lation, Tests, and Oata Requirements, General Requirements
for
Fluid Power Cylinders, Dimension Identification Code for
Fluid Pouer, Glossary of Terms for
Cylinder Bore and Piston Rod Sizes for Fluid Power Cylinders
Electric Resistance Uelded Mandrel Drawn Hydraulic Line T@ing
Use of Fire-Resistant F(uids for Fluid Power Systems, Practices for the
Uounting FLsr@es and Shafts for Positive Displacement Fluid Power Pups and Motors, Dimensions and
Identification Ccide for
Mowting Surfaces of S~-Plate Type Hydraui ic Fluid Power Valves, Dimensions for
Bore and Rod Size Combinations and Rod End Configurations for Cata(oged Square Head Industrial
Fluid PoMer Cylitiers

Symbols for Marking Electrical Leads and Ports on F(uid Power Vaives
Stat ic Pressure Rating Methods of Square Head Fluid Power Cylinders
Seamless Low Carbon Stee L Hydraulic Line Tubing
Hydrau(ic Tube Fittings
Hydrau( ic Flanged Tube and Hose Connections, 4 Bo(t, Split Flanged Type

Mot applicable.

4.1 Aircraft or manned flight vehicles. The design and installation of hydraulic systems for aircraft or manned flight
vehicles should conform to the applicable type and class or system described in 141L-H-5440 or MI L-H-8891.

4.2 Uissi(es. The design and installation of hydraulic systems for missiles should conform to the applicable type and
class of system shown in MI L-H-25475.

5. Information for guidance only. The fo( lowing documents contain additional information on hydrau~ ic design:

ANSI B93 .1 ANSI B93.8
ANSI 893.2 ANSI S93.9
ANSI 693.3 ANSI B93.1O
ANSI B93.4 ANSI B93.11
ANSI B93.5 ANSI SAE J514
ANSI 693.6 ANSI SAE J518
ANSI 693.7
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GUIDELINE 50

INDICATOR LIGHTS

1. PurDose. This guideline establishes criteria for selection and a~lication of indicator lights and associated items.

2. Documents applicable to guideline 50:

MI L-L-3661

MI L-L-6363
MI L-L-7806
MI L-L-7961
HIL-L-15098
UIL-S-19500
141L-sTD-1472

3. Definitiona.

4. Guidelines.

La@olders, Indicator Lights, Indicator-Light Housings, and lcdicator-Light Lenses, General
Specification for
Lanps, Incandescent, Aircraft Service, General Requirements for
Light, Panel, Plastic Plate Lighting
Lights, Indicators, Press to Test
Lanp, G1oH, General Specification for
Semi conductor Devices, General Specification for
Hunan Engineering Design Criteria for Military Systems, Equipment ard Facilities

“Not applicable.

4.1 ~ ights and accessories. Indicator 1 ights, indicator 1
in accordance ~ith tab(e 50-1.

4.2 Visual display and legend lights. Visual display and

ght housings, lampholders, lenses, and lamps should be se[ected

4.3 Light emittinq diodes (LED’s~. LED@ when used as indicator
specifications of MI L-S-19500.

5. Information for auidance only. Not applicable.

egend ghts should conply with the guidelines in MI L- STD-1472.

ghts should conform to the app( i cable detai (
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Indicator lights

Indicator
1 ight housings

Lamp holders

Lanses

Incandescent
tarps, general
purpose

Incandescent
lsnqx, severe
env i ronment

Neon l-s

F lwrescent
(anps

MI L- HOBK-454

TABLE 50-1. indicator tights and associated items.

MI L-L- MI L-L- MIL-L-
3661 7806 7961

x x

x

x x

x

MIL-L-
6363

x

x

MI L-L- MI L-S- U-L- U-L-
15098 19500 00111 00116

x

x

x x

x
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1. wew?. This guide[ine establishes cr

2. Documents acd icabte to guidei ine 51:

MI L-H-7793 Meter. Time Total izing

MI L- HDBK-454

GUIDELINE 51

METERS, ELECTRICAL INDICATING

teria for the selection and application of e(ectr cat meters.

MI L-M-16034 Meter; Electrical Indication (Switchboard arwd Portable Types)
141L-M-16125 Meters, Electrical, Frequency
MIL-1-81219 Indicator, E(apsed Time, Electrochemical
MI L-STD-1279 Meters, Electrical Indicating, Selection and Use of

3. Definitions. Not applicable.

4. Guidelines. Meters shouid be selected and applied in accordance with MI L-sTD-1279. Meters required other than those
listed in MIL-STD-1279 should conform to one of the fo(louing specifications: MIL-U-7793, H! L-14-16034, ttIL-M-16125,
MI L-I-81219.

5. Information for guidance only. For ana~og meters, the normal operating value of the ~tity to be indicated shou[d be
betueen 0.3 and 0.8 of fu(lscale Clef(ection, uherever practicable.
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2.

3.

MI L- HDBK-454

GUIDELINE 52

THERMAL DESIGN

Purwxe. This guideline establishes criteria for therma~ design.

Docunents amlicable to guide~ine 52:

ASTM F872 Fi(ter, Air Conditioning, Viscous-impingement and Dry Types, Cleanable
MI L-F-16552 Fiiter, Air Enviromenta( Control System, Cleanable, I~ingement (High Ve[ocity Type)
MIL-8-23071 B(ouers. Miniature. for Coo(ing Electronic Equimnent. General S@cification for
MIL-IIDBK-251 Reliability/Design; Thermal Afilications “ -

Definitions.

3.1 Auxiliary heating or cooling. External heat i ng or cooling devices

3.2 Cold date. A heat transfer surface cooled by forced air or other
are mounted.

3.3 Contaminant. Any foreign substance contained in air or other heat
performance, such aa dust particles, [int, oi(, sludge, etc.

not norma( ly part of the equipnent configuration.

heat transfer fluid to which heat dissipating parts

tranaf er f Iuid which adversely af facts cooling

3.4 Direct inmingement. Passing cool ing air over parts uithout the use of cold plates or heat exchangers.

3.5 Entrained water. Water condensed from the tooting air and carried along with the coo(ing air.

3.6 External source sucwl ied cooling air. Forced air supplied from a conditioning source such as an air conditioner or
aircraft envirorunental control system which is not normally a part of the electronic equipnent.

3.7 Forced air coot inq. The dissipation of heat to coding air, including ram air, sqplied by a source with sufficient
pressure to flow through the unit.

3.8 Heat exchanger. An air-to-air or i iquid-to-air finned duct arrangement which is used to transfer dissipated heat from
a hot recirculating fluid to the cooling fluid by conduction through the finned surfaces.

3.9 Natura( coding. The dissipation of heat to surroundings by conduction, convection, radiation, or any combination
thereof bti thout the benefit of external COO( ing devices.

3.10 ~. An element or conponent used in the production of an electronic equipment or subsystem, such as a
microcircuit, diode, transistor, capacitor, resistor, relay switch, or transform&.

3.11 Pressure drcm ( different i al Dressure). Resistance to
the electronic equipment from in(et to coolant outlet.

4. Guidelines.

4.1 Forced air cooling. Forced air cooling shouid be used
reci rcuiat ing fans and blowers should be dri van by ac brush less m&ors or by properly shielded dc n&ors. Miniature b(owers

flow usua( (y measured as the

only when natural tooting is

static pressure difference across

not adequate. Exhaust and

shoutd conform to MI L-B-23071. Air filters shou[d be provided for air intakes for fan and blower cooled units when required
to protect internal parts. Filters, when used, should conform to ASTM F872 or MI L-F-16552, and shwld be removable for
cleaning without disass~(y of the equipnent. Atl ventilation openings should be designed and (ocated to conply with
electromagnetic interference, w?desired radiation and enclosure guidelines. Air exhaust should be directed away frcm
operating personnel.

4.1.1 External source. For equipment designed for use with externa( source supplied coo(ing air, which may contain
entrained water or other contaminants detrimental to the equipment, precautionary measures shou~d be taken to avoid direct
impingement on interna[ parts and circuitry by channeling or use of heat exchangers.

4.1.2 Aircraft application. Equipment that is intended for use in aircraft and requires forced air cooling should be”
designed using cold plates or heat exchangers so that none of the cooling air Hill come into contact with internal parts,
circuitry, or connectors.
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4.2 Other cool ing methods. Prior approva( of the procuring activity should be obtained when heat densities or other
design guidelines make the use of air for cooling impractical and a(ternate methods, such as i iquid, evaporative, change of
phase material, or heat pipes, are required.

5. Information for guidance only. The design factors which should be considered in determining the required fan or blo~er
characteristics include such factors as amount of heat to be dissipated, the quantity of air to be delivered at the pressure
drop of the enc~osd equipment, the allowable noise level, the permissible level of heat that may be exhausted into the
surrounding enviromnent, and other pertinent factors affecting the cooling guideline of the equipment. Induced drafts and
venti lation by means of baffles and internal vents should be used to the greatest practicable extent. Uhen practicable,
venti lation and air exhaust openings shouid not be located in the top of enclosures or in f rent panels. When it is
impractical to avoid direct impingement on internal parts and circuitry by channeling or use of heat exchangers, the uater
and contaminants shou(d be removed from the coo~ing air by suitable water and contaminant removal devices.

5.1 External source. For equipment designed for use ~ith external source supplied cooling air, minimum differential
pressure (pressure drop) of the cooling air through the equipment heat exchanger or co(d p(ate should be maintained,
consistent uith adequate coo[ing.

5.2 ~aaign guidance. NIL- HDBK-251 may be used as a guide for detail information on thermal design of electronic
equipnent.

52-2



MI L- HDBK-454

GUIDELINE 53

UAVEGUIDES AND RELATED DEVICES

1. Purpose. This guideline establishes criteria for the select ion and application of waveguides and related devices.

2. Documents applicable to guideline 53:

MI L-G-24211
MIL-S-55041
MI L-STD-1327
MI L-STD-1328
MI L-STD-1329
MI L-STD-1352
MIL-STD-1358
MI L-STD-1636
MI L-STD-1637
MIL-STD-1638
MIL-STD-1639
MIL-STD-1640
MIL-STD-2113
MI L-sTD-2162
MIL-HDBK-216
MI L-HDBK-660

3. Definitions.

Gaskets, Uaveguide Flange, Genera 1 Specification for
Switches, Uaveguide, General Specification for
Flanges, Coaxial and Uaveguide; and Coupling Assemblies, Selection of
Couplers, Directional (Coaxia( Line, Waveguide, and Printed Circuit), Selection of
Switches, RF Coaxial, Selection of
Attenuators, Fixed and Variable, Selection of
Uaveguides, Rectangular, Ridge and Circu[ar, Selection of
Adapters, Coaxial to Uaveguide, Selection of

. Dumry Loads, Electrical, Uaveguide, Coaxial, and Stripline, Selection of
Uaveguide Assemblies, Rigid and F(exible, Selection of
Power Dividers, Power Conbiners, and Power Divider/Combiners, Selection of
Mixer Stages, Radio Frequency, Se[ectfon of
Radio Frequency Circulators and Isolatora, Selection of
Amplifiers, Radio Frequency and Microwave, Solid State, Selection of
RF Transmission Lines and Fittinga
Fabrication of Rigid Uaveguide Ass~lies (Sweep Bends and Twists)

Not applicable.

4. Guidelines. Uaveguides and re[ated devices should be selected in accordance with the standards appearing in table 53- I
and should conform to a specification [ isted in the table or to a specification i~osed by the 1 iated standard.

5.

5.1
lines

5.2
where

Information for guidance only.

RF transmission tines and fittings. MI L-HDBK-216 should be used as a technical information guide for RF transmission
and fittings.

@igid uaveguide assemblies. MI L-HDBK-660 shrx.dd be used as a guide to the fabrication of rigid waveguide asaenblies
benda and twists are required to satisfy a particular application.
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TABLE 53-1. Uaveguides and related devices.

Applicable
docunentItem description

\dapt ers 1 MI L-STD-1636:oaxi a ( to waveguide

)IP, coaxial, TO, and
f (atpack

MI L-sTD-2162\@ifier, RF and microuave

MI L-STD-1352attenuators Fixed and variab~e
coaxial and waveguide

?F -SMA and waveguidecirculators

:ouplers

M[L-sTD-2113

MI L-STD-1328directional coaxial
uaveguide and prtd ckt

Quick-disconnect for
sdsni ni ature naveguids
f langea

bupting aasenb[ ies UIL-STD-1327

141L-sTD-1637hmny [ oads davegui de, coax i a 1
and stripline

ilaveguide and coaxi a 1 MI L-sTD-1327

MI L-G-24211

F ( anges

Pressure seal ing for
use with cover flanges
and ftat face

Gaskets

MI L-sTD-2113

MI L-STD-1640

RF-SMA and strip(ine

RF-DIP, ftatpack,
TO and connector

Solder terminals,
plug-in, flatpack,
TO and connector

Isolators

~ixer stages

Power di videra, coobiners
and divider/conbiners

MIL-STD-1639

Switches MI L-S-55041Uavegui de to uavegui de
manual and electro
mechanica( lY operated

RF coaxial MI L-sTD-1329

Flexibte and rigid

tigid rectangular
rigid circular, single
and double ridge

MI L- STD-1638Uaveguide assemblies

MI L-sTD-1358
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GUIDELINE 54

MAINTAINABILITY

1. -. This guideline offers guidance as to maintainability guidelines which may be considered when preparing
contractual doctnnents. Maintainability program tasks, quantitative guidelines, and verification or dennnstration guidelines
may be direct[y specified in the contract or the system/equipment specification, as appropriate.

2. Docunents acdicable to guideline 54:

MI L-STD-470 Maintainability Program for Systems and Equipnent
MIL-STD-471 Maintainability Verification/Demonstrat ion/Evacuation
MI L-sTD-721 Definitions of Terms for Reliability and Maintainability
MIL-HDBK-472 Maintainability Prediction

3. Definitions.

4. Guidelines.

Not applicable.

Not applicable.

5. Information for guidance only.

5.1 Maintainability Droqram. )laintainability engineering and accounting tasks aimed at preventing, detecting, and
correcting maintainability design deficiencies and providing maintainability re{ated information essentia( to acquisition,
operation, and support management should be inciuded in contract guidelines with the objective of establishing and
maintaining an efficient maintainability program according to life cycle phase. MI L-STD-470 is the overall program doctsnent
for the area. Other maintainability docwnts which may be invoked through MI L-sTD-470 or which may be cited directly as a
basis for contract guidelines include MI L- STD-471, MI L-sTD-721, and MI L-HDBK-472.

5.2 Quantitative guidelines. Quantitative maintainability guidelines and verification or demonstration guidelines should
be established as appropriate to program phase.
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GUJDELINE 55

ENCLOSURES

Purpose. This guideline estab[ ishes criteria for the design and construct ion of enclosures.

Docunents app( icab(e to guideline 55:

MI L-c-172 Cases, Bases, Mounting, and Mounts, Vibration (For Use Uith Electronic Equipment in Aircraft)
MI L-M-81288 Mounting Bases, F(exib(e PLastic Foam
MI L-STD-108 Definitions of and Basic Requirements for Enclosures for Electric ad Electronic Equipment
EIA RS-31O-C-77 Racks, P8ne(s, and Associated Equipment

Definitions.

3.1 Enclosures. Enclosures are housings such as consotes, cabinets, and cases, uhich are designed to provide protection
and support to mechanisms, parts, and asserrblies.

4. Guidelines.

4.1 Casea and mountirm bases for airborne ecwicment. Materials, bonding, shielding and performance guidelines of
MI L-C-172 should app(y to all cases. Momting bases should conform to )IIL-C-172 or MI L-M-81288, as applicable.

4.2 Degree of enc 1osure. Enclosures shou[d be designed in accordance with MI L-sTD-108, table 1 for the degree of
enclosure best sui ted to the application. Moisture absorbent materials such as open-ce[ led foam should not be used to f i 1 I
moisture pockets.

4.3 Materials. Materials used should be corrosion and deterioration resistant or coated to resist corrosion and
deterioration.

4.4 Racks and pa nels. The internai clearance and the equipment mounting holes of racks ard panels should be in accordance
iiith EIA RS-31O-C.

4.5 Test guidelines. Enclosures should be tested as specified in MI L-STD-108.

5. Information for guidance on(y.

5.1 Cases for aerospace ground aucmort equi ment. The detai ted equi~t specification or contract for the particular
equipment wi 11 specify the type of case to be s~( ied by the contractor. Transit cases and combi nat ion type cases may not
be required for ship, depot, or fie(d shops wherever the area of use is protected or control led for hunan occupancy.

5.2 Desiccants. Where moisture bui [d up in sealed equipment cannot be tolerated, the use of desiccants or dehydrating
agents should be considered.

5.3 Materials. Materials for the enclosure should be the 1 ightest practical consistent Hi th the strength required for
sturdiness, servi ceabi 1 i ty and safety.
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GUIDELINE 56

ROTARY SERVO DEV1 CES

1. Purpose. This guide[ine establ shes criteria for the seiection ad appl i cat on of rotary servo devices such as
servomotors, synchros, electrical resolvers, tachometer generators, encoders, and ransolvers.

2. Docunents awlicable to guideline 56:

MI L-S-22432 Servomotors, Genera 1 Specification
NIIL-S-22820 Servcsnotor-tachometer Generator AC, Genera 1 Specification for
MIL-T-22821 Tachometer Generator AC, Genera ( Specification for
MIL-R-50781 Resolver, Electrical, Linear, General Specification for
MI L-s-81746 Servtorqs, Genera 1 Specification for
MIL-s-81963 Servo Components, Precision Instrument, Rotating, Cannon Requirements and Tests, General Specification

for
NIL-T-83727 Tranaolvers, Genera( Specification for
ltIL-E-85082 Encoders, Shaft Angle to Digital, General Specification for
U[L-STD-71O Synchros, 60 and 400 Cycle
MI L-STO-1451 Reso(vers, Electrical, Selection of
MI L-HDBK-218 Application of Electrical Resoivers
MI L- HDBK-225 Synchros, Description and Operation
MI L-HDBK-231 Encoder, Shaft Ang[e to Digitai

3. Definitions. Not applicable.

4. Guidelines.

4.1 Rotary servo devices. Rotary servo devices shou(d conform to MI L-s-81963
as applicable.

4.2 Servomotors. Servomotors should conform to 141L-s-22432.

4.3 Svnchroe. Synchros should be seiected and applied in accordance uith MI L-STD-71O.

6.4

4.5

4.6

4.7

4.8

4.9

4.lD

Electrical resolvers. Electrica[ resolvers should be selected and applied in accordance ~ith 141L-sTD-1451.

Electrical iinear resolvers. Electrical linear reso[vers should conform to MI L-R-50781.

Tachmneter generators. Tachometer generators shou(d conform to MI L-T-22821.

Transo[vers. Transotvers should conform to NIL-T-83727.

Encoders. Encoders should conform to MI L-E-85082 for general application.

Servomotor- tachometer generators. Servanotor-tachometer generators should conform to MIL-s-22820.

Servtoras. Servtorqs should conform to NIL-S-81746.

5. Information for cwidance on(y. The

MI L- HDBK-218 (Resolvers)

MIL-HDBK-225 (Synchros)

MI L- HDBK-231 (Encoders)

foilouing docunents contain additiona( information for application:
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1. Ew13ss. This guideline establishes cr

2. Docunents app(icab(e to quideiine 57:

MI L- W) BK-454

GUIDELINE 57

RELAYS

teria for the selection and app( cation of relays.

MI L-R-83516 Retays, Reed, Dry, General Specification for
MI L-STD-1346 Relays, Selection and Application

3. Definitions. Not applicable.

4. Guidelines.

4.1 Setection. Unless

a. Re(aye listed in

other~ise specified, the order of precedence for relay select on should be as fo{ OWS:

@lIL-sTD-1346. Reed relays shou~d conform to MIL-R-83516.

b. DESC selected itamdra~ing relays, subject to procuring activity approval.

c. Other relays, subject to procuring activity approval. Sufficient detail must be
coil voitages of requested relay vs the standard pert) to justify the use of the

presented; (e. g.,
nonstandard part.

contact loads,

4.2 Apo(ication. Re(ays shoutd be applied in accordance uith MI L-STD-1346. The use of reed relays in airborne
applications requires procuring activity approval.

5. Information for guidance only. Not applicable.
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GUIDELINE 58

SWITCHES

1. Purpose. This guideline establishes criteria for the selection and application of s~itches and associated hardware.
This guideline is not applicable to RF coaxial suitches.

2. Docunents awlicable to guidetine 58:

MI L-s-12285 Switch, Thermostatic
UIL-S-15743 Switches, Rotary, Enclosed
NIL-s-18396 Switches, Meter and Control, Naval Shipboard
MI L-S-83731 Switch, Toggle, Unsealed and Sea(ed Toggle, General Specification for
MI L-sTD-1132 s~i tches and Associated Hardware, Setect i on and Use of

3. Definitions. Not applicable.

4. Guidelines. “

4.1 Se(ection and aool icatfon. Sui tches and associated hardware should be selected and app( i ad in accordance with
UIL-STD-1132. Sui tches required other than those 1 isted in MI L-STD-1132 shodd conform to one of the f oi [otti ng
specifications: MI L-S-12285, MI L-S-15743, MIL-s-18396, and MI L-s-83731.

5. Information for guidance only. Not app( i cab[ e.
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GUIDELINE 59

BRAZING

1. Purmse. This guideline establishes criteria for brazing.

2. Docunent awlicable to guide~ine 59:

MI L-B-7aa3 Brazing of Steels, Copper, Copper A[loys, Nickel Alloys, Aluninun and Alminun Alloys

3. Definitions. Not applicable.

4. Guidelines. Brazing of steei, copper, copper al(oys, nickel a(loys, aluninun, and aluninun alloys shwld be in
accordance ~ith MI L-B-7833.

5. Information for guidance only. Electrical connections of stranded or insulated Hire or those having construction which
may entrap fluxes should not be brazed.
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1. ~. This guideline establishes cr’
parts.

2. Docunents applicable to wideline 60:

MIL,-HOBK-454

GUIDELINE 60

SOCKETS ANO ACCESSORIES

teria for the selection and application of sockets and accessories for plug-in

MIL-S-12883 Socket and Accessories for P(ug- In Electronic Components, Genera[ Specification for
MIL-S-24251 Shield, Retainer (Bases), and Adapters, Electron Tube, Heat Dissipating, General Specification for
MIL-M-38527 Mounting Pads, Eiectrica(-Electronic Conponent, General Specification for
MIL-s-83502 Sockets, Plug-In Electronic Ccmpments, Round Style, General Specification for
MIL-s-83734 Sockets, Plug-in Electronic Components, Dua\-in-line (DIPs) and Single-in-line packages (SIPS), General

Specification for

3. Definitions. Not applicable.

4. Guidelines.

4.1 Sockets. Sockets for piug-in electronic parts should be of the single unit type and should conform to MIL-S-12i?-33,
MIL-s-83502 or MIL-S-83734. The use of sockets for microcircuits requires approval of the procuring activity.

4.2 Shields. Heat dissipating tube shields should conform to MIL-S-24251.

4.3 Mounting Dads. Uhere mounting pads are required for use uith small e~ectrical or e~ectronic devices, they shou(d
conform to MIL-M-38527.

5. Information for guidance only.

5.1 Use of stikets. The use of sockets in mission related and ground support equipment shou[d be kept to s minimun, due
to the Possibility of intermittent connections during shock, vibration, and temperature cycling.

5.2 Shield bases. Shield bases, for use uith heat dissipating shields, should be mounted on clean, smooth, metal(ic
meting surfaces, to minimize the contact resistance (thermal and electrical between the base and the supporting chassis.
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GUIDELINE 61

ELECTRCMAGNETIC INTERFERENCE CONTROL

1. Puroose. This guideline establishes criteria for electromagnetic interference control.

2. Docunents applicable to guide(ine 61:

MIL-STD-461
MIL-sTD-462
HIL-STD-469
141L-HDBK-253
NTIA Manual

3. Definitions.

4. Guidelines.

Electrmnsgnetic Emission and Susceptibility Requirements for the Control of Electrcunagnetic Interference
Electrc+nagnetic Interference Characteristics, Measurement of
Radar Engineering Design Requirements, Electromagnetic C~atibility
Guidance for the Design and Test of Systems Protected Against the Effects of Electwnagnetic Energy
National Telecommunications and Information Administration Manua( of Regulations and Procedures for
Radio Frequency. Management

Not applicable.

4.1 Qenerai. Electromagnetic interference guidelines should be as specified in MIL-STD-461.

4.2 Radar eauicment. Radar systems and equipment should alao conform to the provisions of section 5.3 of the NTIA Manual
as specified in the contract and to MIL-sTD-469 except that MIL-STD-469 should not be used for Air Force applications. In the
event of conflict, the following descending order of precedence should prevail: NTIA Manual, MIL-STD-469, MIL-STD-461.

4.3 ~. Tests and test methcds should be as specified in MIL-STD-462. For other than Air Force applications,
MIL-sTD-469 should also apply for radar equipment and systems.

5. Information for quidance only. MIL-HDBK-253 provides guidance for the design and test of electronic systems uhich are
to be imnune to the detrimental effects of electromagnetic energy.
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GUIDELINE 62

HUMAN ENGINEERING

1. !U!WE. This guideline offers guidance for human engineering guidelines uhich may be considered when preparing
contractual docments. Hunan engineering guidelines and re[ated test and evaluation guidelines may be direct(y specified in
the contract or the system/equipment specification, as appropriate.

2. Doctunents aw~icable to guideline 62:

MIL-STD-46855 Hunan Engineering Requirements for Military Systems, Equipment and Facilities
MIL-STD-1472 Hunan Engineering Design Criteria for Military Systems, Equipment and Facilities

3. Definitions. Not applicable.

4. Guidelines. Not applicable.

5. Information for gufdttnce ody. Wnan engineering applied during development and acquisition of military systems,
equipment, and faci 1ities serves to achieve the effective integration of personne~ into the design of the system. The
object ivw of a hunen engineering effort is to deveLop or inprove the creu/equipnent/sof tuare interface and to achieve
required ●ffact iveness of hunan performance during system operat ion, maintenance and contro( and to make eccwwmica( demarsjs
upon personnel resources, ski 1(s, training, and costs. MIL-STD-46855 is the overal 1 guide[ ines docisnent for the area. It
must be tailored when applied; application guidance is offered in the document. MIL-sTD-1472 provides design criteria which
may be selectively app[ied as guidelines or guidance.
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GUIDELINE 63

SPECIAL TOOLS

1. Purpose. This guideline establishes criteria for the se~ection and application of specia[ tools.

2. Docunents awlicable to guideline 63. Not app~ icable.

3. Definitions.

3.1 >cial tools,

4. Guidelines.

001s, including jigs, fixtures, stands, and ten@ates, not isted in the Federal Supply Catalog.

4.1 Awrova\. The use of any special too( should be subject to the approval of the procuring activity.

4.2 Furnishing and stowing. Special toots needed for operation and organization level maintenance should be furnished by
the ctmtractor and should be mounted securely in each equipment in a convenient and accessible place, or in a central
acceasibie location for an equipment array requiring such tools.

5. Information for quidance only. The design of equipment should be such that the need for special tools for tts’dng,
adjustment, maintenance, replacement, and installation is kept to a minimun. Oniy when the required function cannot be
provided by an existing standard tool should special too(s be considered. Necessary tools shou(d be identified as early as
pessible.
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GUIDELINE 64

MICROELECTRONIC DEV1CES

his guide[ine establishes criteria for the se~ection and application of microelectronic devices. These
criteria are based on the objectives of achieving technological superiority, qua(ity, re(iabi(ity, and maintainabi lity in
mi 1itary systems.

2. Doctsnents applicable to guideline 64:

MIL-H-38534
MlL-1-38535

MIL-STD-785

MIL-STD-883
MIL-STD-975
MIL-STD-1547

M[L-sTD-1562
MIL-STD-1686

MIL-BUL-103
MIL-HOBK-217
ANSI/IEEE 1076

ANSI/IEEE 1029
MIL-FFDBK-179(ER)
JEDEC-STD -17
01-EGOS-W311

3. definitions.

Hybrid hlicrocircuits, General Specification For.
Integrated Circuits (Microcircuits) Manufacturing, Genera(
Specification for.
Rel iebi(ity Progrsm for Systems and Equipnent Development and
Product ion.
Test Methods and Procedures for Microeiectronica.
NASA Standard Electrical, Electronic and Electromechanical Parts List.
Electronic Parts, Materi ais, and Processes for Space and Launch
Vehicles, Technica[ Guidelines For.
List of Standard Microcircuits.
Electrostatic Discharge Control Program for Protection of Electrical
and Electronic Parts, Assemblies and Equipment (Exc(uding Electrically
Initiated Explosive Devices).
List of Standardized Military Orawings (SMOS).
Ret iabi[ity Prediction of Electronic Equipment.
VHSIC Harduare Description Language (VHDL) VHSIC Interoperabi 1ity
Standards. Includes Specifications for the TM-ha, ETM bus, Pi bus,
and VHSIC Electrical Specification. (Copies avai lab[e frm Naval
Research Laboratory, Code 5305, Wash DC 20375-5000).
Waveform and Vector Exchange Specification.
Microcircuit Application Hancbook.
Latch-Up in CMOS Integrated Circuits.
VHSIC Hardware Description Language (VHDL ) Docunentat ion.

3.1 plicroelectronic devices. Monolithic, hybrid, rf and microwave (hybrid/integrated) circuits, multichip microcircuits,
and microcircuit modules.

3.2 Advanced microcircuit module technology. Microcircuit module fabrication and design technology which is newly
available for prototype designs and should be avai lab[e for production in the near future (2 to 5 years). For digital
microcircuits, the performance capebi 1ity can be approximately characterized by the minimum feature size, the clocking
frequency, and the functione( throughput rate.

3.3 VHSIC harduare description language (VHOL). A high level c~ter language developed under he VHSIC program for
describing the signal structure of ●lectronic hardware .(chips, moddes, and subsystems). The language describes the signal
flo~ and the structure of the device in terms of the basic circuit models, fundementa[ (ogic blocks, and higher level
functional assemblies of logic blocks.

3.4 Qualified device (microcircuit/. Any device or microcircuit which has met the guide( ines of
MIL-H-38534, or NIL-I-38535 and is listed on the associated QML/QPL (istings.

3.5 Uavef orm and vector exchange specification (UAVES~. A high leve( computer (anguage for describing test vector and
waveform stimuli for electronic hardware (chips, modules, and subsystems). The WAVES is compatible with the VHDL simulation
[anguage and simu[at ion envi rorsnents.

3.6 Application specific integrates circuit (ASIC\. Any microcircuit that is
microcircuit; (e.g., EPRC+I, EEPR@l, UVEPROM, PLA, PLD, gate array, sea of gates,
programed or personai ized to perform a specific equipment or custom function.

custom designed or any
standard cel ( 1ibrary,

prograrmnabte
etc. ) thst is

3.7 w. Very high speed integrated circuit.
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4. Guidelines.

4.1 Selection.

4.1.1 Technology. At each stage in neu and re-engineered system designs, i.e., concept studies, demonstration and
vat idation, and engineering and manufacturing development, the advanced microcircuit nwdule technologies uh ich meet
re[iabi[ity, performance, and cost guidelines of the appl icat ion should be eva[uated for use in the production phase.

4.1.2 Re(iabi(ity. Microelectronic devices in mi (itary systems which are in engineering and manufacturing development and
production should, as a minimun, conform to the applicable product assurance Level of MIL-H-38534 or MlL-l-38535.

4.1.3 Order of precedence. Unless otherwise specified, the order of precedence should be as fol lows: This guideline
should be superseded upon publication and DoD/Industry fu(ly coordinated acceptance of the proposed DoD Microcircuit
AFP~ icat ion Handbook or Standard. This docunent shou{d provide guidance on how the DoD and its contractors can select
devices based on cost ●ffective performance, designed in high quality, and reliabi 1ity for a given awl ication.

a. Microcircuits listed in table I of MIL-sTD-1562. Microcircuits uith dated military s~ifications, fully
compliant to the CIML (NIL-H-38535 and kIIL-H-38534).

b. Microcircuits listed in table 11 of MIL-STD-1562. Microcircuits co@iant to the Standard Military Drawing
Program, and other NIL-H-38534 comp( iant microcircuits not listed in tables I and 1I of MIL-sTD-1562.

c. Other microcircuits (see 4.1 .5), stiject to acquiring activity approval.

4.1.4 Qualified devices. Uhen the contract or purchase order for neu designs, or redesign, or part level, or qualified
part upgrade of military harduare specifies the use of a MIL-STD-883 ciass B or S microcircuit, and there is a qualified
device of the required generic chip and package type or case out ~ine, the qualified device shoutd be the preferred device
authorized in that design.

4.1.4.1 Scace armlications. When qualified devices are not available or carmot be qua[ ified by the manufacturer, the
guideline of #iIL-sTD-975 or MIL-sTD-1547 should a~ly.

4.1.4.2 Other atxdications. Wen a qualified device does not exist and a SMD device of the required generic chip ●nd
package type or case out 1ine does exist, the sw device should be the preferred device authorized for that design.

4.1.5 Other microcircuits. For other than quel ified devices, the fo[lowing information should be included in the
nonstandard part approval request (except where identification of a mi 1itary detai 1 sprcif ication or SMD number satisfies
this guideiine or other direction is given):

a. Oevice nomenclature, marking, configuration, functional guidelines, parameters and limits sufficient to
insure the required form functions and interchangeabi 1ity.

b. Required enviromnental, endurance (1ife) and other design capabi tity tests.

c. Quality assurance guidel inas, including screening and lot quality conformance (acceptance) tests. As a
minimun, devices shou[d be procured to all the guidelines of MIL-STO-883 1.2.1. The applicable detail
specification, SMD or vendor/contractor docunent should be specifid for electrical performance,
mechanical, and final electrica( test guidelines.

d. An evaluation of the projected avai labiIity and product assurance status of the device at the time of
production and through the projected [ife of the system.

e. Device design and test documentation in the VHDL and WAVES format (see 4.5.3 and 4.5.4).

4.1.6 Electrostatic sensitive parts. Microcircuits are susceptib~e to Electrostatic Discharge (ESD) damage. Microcircuit
susceptibility is classified in MIL-STD-1686 and test method 3015 of MIL-STD-883. When device suscept ibi~ity is not
available, it can be determined using test method 3015 or appendix B of MlL-STD-l%. Microcircuitts frc+nthe ESDS Class
necessary to meet ESD guidel ines should be se(ected. ESD susceptibility of microcircuits are listed in the associated
QML/QPL listings of MIL-H-38534 or MIL-1-38535 for the individua( devices.

4.1.7 Latch-uD test. Latch-up testing should be performed on applicab~e technologies; (i.e., CMOS) in accordance uith
JEDEC-STD-17 as a minimun.
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4.2 Programmable devices. Use of progranunable devices, regardless of type, requires approval of

4.3 Fusib[e link devices. Uhen fusib~e Iink devices (PRC#s, PALs, PLDs, etc. ) are programed by
functional electrical tests in accordance uith MIL-sTD-883, method 5005, grow A, subwoum 7 and 9

the procuring activity.

the user, parametric and
as a mininnxn, should be

performed after programing to verify the specific program” conf iguration &d effectiveness of 1ink fusing. -

4.4 Packages. Microcircuit devices used in equipment should be hermetically sealed in g(ass, metal or ceramic (or
ctii nationa of these) packages. No organic or polymeric materials such as lacquers, varnishes, coat ings, or greases should
be used inside the microcircuit package, unless otheruise specified. No desiccants should be contained in the microcircuitt
package, unless otherwise spaci fied. Organic or potymeric materials; (e.g., adhesives) conp{iant to MIL-STD-883, test method
5011, are permitted inside the microcircuit package when specified in the a~ropriate mi (itary specification or S?40.

4.4.1 Use of Dlastic encarsuiated microcircuitts. Upon specific request and approval by the procuring activity to uaive
the guide( ines of 4.1, plastic encapsulated microcircuits may be considered for use in Ground Fixed (GF) or Ground Benign
(GB) envirorvnents as defined in MIL-HOBK-217. Temperature and hunidity should be completely controt led in transit, storage,
and application. This guideline should be sqwaaded upon Pub(icatiom end DoD/Industry fully coordinated acceptance of the
propoaad DoD Microcircuit Application Hambook or standard. For Arnrfapp(icationa, use of HIL-HOBK-179(ER) is reconrnended.

4.5 Device design and teat docunentat ion.

4.5.1 ASIC documentation in VHDL. Digita( App[ ication-Speci fic Integrated Circuits (ASICS) should be documented by means
of structural and behavioral VHSIC Hardware Description Language (VHDL) descriptions in accordance Hith ANSI/l EEE 1076, (see
5.6). Behavioral VHDL descriptions should inc(ude function and timing at the ports accurate enough to enable the performance
of test generat ion and determination of fau(t detection/fault isolation (evels at the integrated circuits pins uhen
performing board or subsystem simulations.

4.5.2 Fault coverage. For all digita( microcircuits, fault coverage should be documented in accordance Hith MIL-s10-883
test method 5012 for a~l manufacturing- level logic tests.

4.5.3 Qualified device documentation in VHDL. Digitai qualified devices used in board tevel application ahou[d be
documented by means of behavioral VHDL descriptions in accordance with ANSI-IEEE 1076, (see 5.6). Behavioral VHDL
deacriptiona shoutd include fwtion and timing at the port accurate enough to perform test generation and determine fault
detection/fault iso(ation levels at the integrated circuit pins.

4.5.4 ASIC teat atinn.tlidocumentation {n UAVES. Digital ASICS ahoutd have ai{ test vectors
and delivered to the Govermnent in the WAVES format.

4.6 Cost considerations. Microelectronic devices shoutd be se~ected on the basis of overal

5. Informet ion for quidance only.

and test waveforms documented

life cycle cost.

5.1 Techno(oqv Drogressi on. The use of advanced microci rcuit technoi ogy should be considered and evaluated in the design
of al( systems/equipment. For critical ueapon systems applications, and for system development schedules projected to be
longer than four years, the performance advantages provided by advanced technologies shouid be evaluated early in the system
development phases for use in the procurement stage.

5.2 Reliability.

5.2.1 Reliability Rrediction. Uhen required, microcircuit reliabi1ity predictions should be prepared in accordance with
MIL-HDBK-217, or with procuring activity approval by using specific teat and/or field rate data.

5.2.2 Reliability assurance. A plan should be in place to assure that microelectronic devices meet the retiabi1ity
guide(ine of 4.1.2 at the time of engineering and manufacturing development. This plan shou(d provide for resdxnission of
parts list, if so invoked by contract, through DESC/MPCAG prior to procurement of parts to be used in actua[ production to
assure that a[( eva~uations are based on the most recent standardization status.

5.3 Microcircuit obsolescence. Due to rapid technology advances, many military and cormnercia( microcircuits (isted in
specifications and catalogs are either obsolete or are nearing obsolescence. The use of these devices should affect the
mission objectives of the using equipnent. For Navy equipnent, current information on microcircuits that may be nearing
obsolescence may be obtained from the Naval Air Warfare Center, Code 435, lndianapo~ is, IN 46219-2189, telephone
(317) 353-3767.
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5.4 Testabi 1ity. New and upgraded systems should exploit chip Level bui it-in-test features to enhance the testability and
operational avai LabiLity of the modu(e or system. When advanced digi ta~ modules or boards are developed, microcircuits
incorporating the ETM-BUS or TM-BUS should be used.

5.5 Life cycle cost evaluation. The follouing factors should be considered in estimating tife cycle costs associated with
selection of microcircuit devices or technologies:

a. Effect of bui(t-in-test on repair, maintainability, operational availabi (ity, and reconfigurability.

b. Value of VHDL descriptions of chips, modules, and boards in resuppty, multi pie source development, and
design upgrade.

5.6 AS1C docunentat ion reference. Data item description, DI -EGOS-80811 providea the documentation preparation and
delivery instructions for ASIC documentation.
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GUIDELINE 65

CABLE, COAXIAL (RF)

Purpose. This guide[ine establishes criteria for the selection and application of coaxia( Radio Frequency (rf) cable.

Docunents atd icab(e to guideline 65:

~lL-C-17 Cables, Radio Frequency, Flexible and Semirigid, General Specification for
41L-L-3890 Lines, Radio Frequency Transmission (Coaxial, Air Dielectric), Genera( Specification for
41L-c-22931 Cabies, Radio Frequency, Semirigid, Coaxial, Semi-Air Dielectric, General Specification for
41L-C-23S06 Cable, Radio Frequency, Coaxial, Semirigid, Foam Dielectric, General Specification for
41L-HDBK-216 RF Transmission Lines and Fittings

Definitions. Mot app( icab(e.

Guidelines.

Cable selection. Selection of coaxial cable shcs.dd be in accordance ~ith uIL-c-17, MIL-L-3W0. MIL-c-22931 or
141L-c-23S06. Other tmas of cable maY be used Drovided they are selected from mecificationa
application and a~rovd by the procu~i ng act iv;ty.

4.2 Awlication restriction. Cables with polyvinyl chloride insulation shou(d not be used
of these cables in any other application requires prior approval by the procuring activity.

5. Information for guidance only.

acceptable for the specific

in aerospace applications. Use

5.1 Application guidance. MIL-HDBK-216 may be used as a technica( information guide to applications of transmission lines
and fittings.

5.2 Criticsl circuits. For use above 400 MHz and in critical rf circuits, elements such as envirormantal guidelines,
short leads, and grounding should be considered in design application, along with critical electrical characteristics such as
attenuation, capeci tance, and structura( return (0ss.
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GUIDELINE 66

CABLE , MULTI CONDUCTOR

1. PurMse. This guideline establishes criteria for selection and application
within electronic equipnent.

2. Docunents a~licable to widel ine 66:

3.

4.

4.1

4.2
cable

QQ-W343
MIL-C-17
MIL-c-442
MIL-C-3432
MIL-U-5086
MIL-u-5846
MIL-C-7078
MIL-U-8777
MIL-C-13777
MIL-U-16878
MIL-C-19547
MIL-w-22759
MIL-c-23437
MIL-c-24640
MIL-c-24643
MIL-u-25038

MIL-c-27072

MIL-C-27500
MIL-C-49055
MIL-C-55021

HIL-U-81044

NIL-u-81381
ASTM A580
ASTM 833
ASTM B298

Definitions.

Guide( ines.

Uire, E~ectrical, Copper (Uninsulated)
Cables, Radio Frequency, Flexible and Semirigid, Genera L Spec’
Cable (b/ire), Two Conductor, Parallel

f electrical multi conductor cable for use

fication for

Cable (Power and Special Purpose) and Uire, Electrical (300 and 600 Volts)
Wire, Electric, PoLyvinyl Chloride tnsulatd, Copper or Copper Alloy
Uire, Electrical, Chrcmel and Alumel, Thermocouple
Cab[e, Eiectric, Aerospace Vehicle, General Specification for

,Uire, Electrical, Silicone- lnaulated, Copper, 600 Vott, 200”C
Cable, Spacia( Purpose, Electrical: General Specification for
Wire, Electrical, Insulated, Generat Specification for
Cable, E(ectricat, Special Purpose, Shore Use
Uire, E(ectric, F(uoropol~r-Insulated, Copper or Coppar Alloy
Cable, Sp?cial Purpose, Electrical!$
Cable, Electrical, Lightweight, for Shipboard Use, Genera( Specification for
Cable and Cord, Electrical, LOH Smoke, for Shipboard Use, General Specification for
Uire, Electrical, tlighTemperature and Fire Resistant, Aircraft and Flight Critical General
Specification for
Cable, Power, Electrical and Cab(e, Special Purpose Electrical, Multi conductor ad Single Shielded,
General Specification for
Cab(e, Electrical, Shielded and Unshielded, General Specification for
Cable, Elect rica[ (F[exible, Flat, Unshielded) (Round Conductor), General Specification for
CabLe, Electrical, Shie(ded Singles, Shielded and Jacketed Singles, Twisted Pairs ad Triplea, Internal
llook~, General Specification for
Wire, Electric, Crossl inked Polyalkene, Cross Linked Alkane- imide Polymer, or Polyarylene
Copper or Coppar Al Ioy
Uire, Electric, Polyimide- Insulated, Copper or Co-r Alloy
Standard Specification for, Stainless and Heat Resisting, Steel, Ui re
Standard Specification for, Timed Soft or Annealed Copper Wire for Electrical Purposes
Uire, Copper, Si lver-Coatd, Soft or Annealed

Not appl icab[e.

insulated,

Setection and amlication. Selection and application of frulticonductor cable should be in accordance with table 66-I.

Sol id or stranded. Either solid or stranded conductors may be used (within the restrictions of the particular wire or
specification) except that (a) with the exceDt ion of therm.couo(e and f(at cable wire. onlv stranded uire should be

used in”aerospace appiica~ions, and (b) for other kppl ications strar&d Mire should be used-when’so indicated by the - --
equipment 6pptication. Specifically, with the exception of f[at multi conductor flexible cable, stranded wire should be used
for wires and cablas which are normally f(exed in use and servicing of the equipnent,
ha(f of detachab~e comectors.

such as cables attached to the movab~e

4.3 Acmlication restrictions.

4.3.1 MIL-u-16878 usage. Cable containing MIL-U- 16878 wire shal ( not be used for Air Force or Navy aerospace
app~ications.

4.3.2 Insulation restriction. Cables with po(yvinyi chloride insulation sha( ( not be used in aerospace applications. Use
of these cab[es in any other application requires prior approval of the procuring activity.

4.3.3
missile

MIL-u-22759 usaqe. MIL-U-22759 wire with
applications sha( 1 require the approval of

only sing(e po[ytetraf luoroethy[ene insulation used in Air Force space and
the procuring activity.
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4.3.4 Silver plated copper wire. Siiver p(ated copper wire shall not be used in applications involving Army missite
systems Hithout certification by the uire manufacturer that it passes the sodiun po~ysu(f ide test in accordance with ASTM
B298 . Wire which fails this test will be rejected. Si(ver p[ated copper wire shall not be used in conjunction with
uater-so[ub(e solder fluxes. Uire shal I be stored and handled in such a uay so as to minimize exposure to moisture.

5. Information for guidance only. Not applicable.

5.1 Stranded cowe r conductor test. The fo[towing test procedure should be used for stranded conductors since the ASTM
B298 test procedure covers on(y a single, round conductor.

5.1.1 Sodiun w[ysulfide test. The stranded samples of annealed copper or copper al10Y base materia( should be tested in
accordance with ASTM 6298 with the folLowing except iens:

NOTE : The ASTM test applies to single-end wires “taken before stranding. t! The applicability of the po[ysulfide test
is thus restricted by the ASTM in recognition of the abrasion to the wire inherent in the stranding process.
The following exceptions and criteria should be applied hen testing stranded product:

a. Examination of the sa@es to occur immediately after the $o(ution cycle.

b. Sa@es to be imnersed into the so[utions in the as-stranded condition.

(1) Unilay constructions to be tested as the whote conductor,

(2) Concentric constructions to be tested as whoke corductor.

(3) TUO members fran each layer of rope construction to be tested after they have been carefut (y removed from the
finished rope.
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I Basic
wire

;pec no. Title specs

fIL-c-442 Cable, WI-W-343
(Uire),Tuo &
Conductor, Insulation
Parallel

IIL-C-3432 Cable (Pouer QQ-U-343
and Special &
Purpose) and Insulation
Uire, Elec-
trical (300
& 600V)

+
M22759/12
M22759/23

M81044/9

_Ei!
L-c-13777 Cable, MIL-C-17

Special QQ-U-343
Purpose, AsTM-A580
Electrical & Insulation

TABLE 66-I. Cable. nultictiuctor.

Conductor Shield braid 3/

No.
of
Cond

2

Unlimited
and
mixed
sizes

$/ ~1

2-7
I-7
I-7

I-7
I-7

I-7

!-7
-7
!-7
-7
-7

-78

/

Vo(ts
R14S

300

300 ii
600

600

)00

1

*
Flexi-
bility
at -40”C
or -55eC

-40”C to None or
+65”c Copper
or
-55°C to
kzec I

lo5ec Copper
Copper

!60”c Copper
!60°C Copper

10”C Copper

Oo”c
Ooec— Cower
Oo”c
50”C Copper
Oo”c Copper

53*C to Copper
71“c

Strand
coat ing

Tin

rin
~in

Iickel
Iickel
-
In

Iickel

in
ickel

in

%
Cover-
age

85

K-
85

r

95

35
35

Jacket 3/

Material ~/ Type Remarks

Vinyl-polymer Lead wire
or synthetic for firing
(styrene buta- explosive
diene) rukber charges
or natural rtir

Styrene butadiene Extruded
-r, ch[oro- 11vul-
prena rubbar, canized
●thylene -propy [ene
-dime, rubber,
polyurethane
thermoplastic
elastomer, or
natural rtir

None
Polyamide (Nylon) Extruded or

InsregBraid
(a) Extruded
(b)

(a)Fluorinated
Extruded ethy[ene pro-
or taoe

Polyvinyl idene
py1ene

Extruded
fluoride

(b) Po[ytetra -
fluoroethylene

FEP/mlyimide Film Tape

FEP/polyimide Film Tape



TABLE 66-1. Cable, nulticonductor - Continu~.

conductor Shie[d braid 3/ Jacket 3/

Basic No. %
uire of volts Strand Strand Cover-

pec no. Tit(e specs Cond RMS T- ~ material coat ing age 14aterial Al Type Remarks

MIL-C-19547 Cable, Elec - ASTM 033-74 Multi- 600 75°C Corru- 100 Polyethylene Extruded For use as te[e-
trical, Spec- & Insulation ple gated @one& te~e-
ia( purpose, tbiisteal Aluninun
Shore Use

graph signal
pairs, 6- cables in shore
100 pairs conmwnications

IIL-c-23437 Cable, E~ec - MIl--U- Shielded 600 105” Copper Tin 90 Pvc Extruded For use within
trica~, 16878/1 & jacketed
Shie(ded

shore com-
tuisteal

Pairs
munications

pairs Note: Shield App(ied over stations, not to
1 pair- each pair be used on board
104 pairs ship

MIL-c-2 f+640 Cable, Etec- MIL-U-81044 2-77 600 150”C Copper tape Tinned 85% CrossLinked, pol -
trica(,

Extruded
pair

Lightweight,
yslkene, cross-
linked alkane-

for shipboard imid, polymer,
use or polyarylene

MIL-c-27072 Cable MIL-C-17 2-36 Var~ous Not S= Copper Tin, 85
Specia~

Sheath of PVC, Flexible tnulit-
MIL-u-5846 Var 1ous Not SXC Silver polyethylene, conductor cab~e

Purpose, Ml6878f 1 600 105”C polychloroprene, for use in
Electrical, Ml6878/2 1000 105”C polyamide, TFE-
Mu(ti -

protected areas:
Ml6878/3 3000 105”C Teflon, or tunne(s, wire

conductor Ml6878/4 600 2ooac FEP-Teflon
Ml6878/5 1000

nays, instrument
2oo”c

ml6878/6 250 2ooec
racks, and
conduit.

M16878/lo 600 75°c
Po [yethy[ene

M16878/13 250 200”C
jacketed cabte
suitab[e for
underwater or

Note: MIL-C-27072 applicable detail direct buria~
specification sheets control applications
materials for each specific only. M16878/6
cable configuration. and /13 not for

aerospace
applications



t

I

Spec no. Title .~.a Cono

MIL-C-27500 Cable, Elec-
trical,
Shie(ded and
Unshielded,
Aerospace

TABLE 66-1. Cable. mlticonductor - Continued.

Conductor Shield Braid 3/ Jacket ~/
Basic No.
Hire of volts

%
Strand Strarxie-.. Cover-.-—.

RMS Tenp U material coat ing age Material ~/ Type Din.. b.

3°c Various~ Various 85 _Var ious Ilraided
MIL-U-8777 1-7 600 200
MIL-U-22759 ~ - —Var Ious Varlous vat-lows — —

Various 85
-------

Various Extruded or
MIL-u-25038 1-7

— —,
600 260”c Various Braided

Various 85 TFE coated Braided
MIL-U-81044 600 91ass fiber

::;
— 150”C Various

MIL-W-81381 Various 85 Various600 ExtrudedVarious Various Various 85 Various
MIL-C-49055

Tape
Cables, Poner MIL-C-49055/1

‘ Electrical, MIL-c-49055/11
(F[exible,

Not!
MIL-C-49055/12

Flat,
con

M1l .F. LIW!CC ,47

7For genera[
aerospace
flight vehic[e
applications

I
e: ‘ “+”MIL-C-49655 applicable ~etai 1 specl lcation’sheets
Itrol the nunber of conductors and rnateriala for each

Ad\
,::;_:-;:”J,, la, I specific cable configuration.a-r ,.,lUnshiel’_,, ll’ll L- b-+ylJJJ/ [*[ I

I I

41L-c-55021 Cable, MIL-U-16878
I

2-3
Ttiisted Pairs
& Triples,
Internal
Hookup,
General
Specification
for

600
to
1000

-40”C to
+105”C
or -65-C
to
+200”C

None or
Copper

Tin,
Si lver

~~ckel

I

90 None Extruded
Pvc,
Nylon
TFE-Teflon Extruded

or Tape



TABLE 66-1. Cable. multi conductor - Continued.

~/ Polyester - Po~yethylene Terephthalate
TFE-Tef~on - Polytetrafluoroethy lene
Pvc - Polyvinly chloride (Not to be used in

airborne applications)
KEL-F - Polymonoch lorotrifluoroethy lene
FEP-Teflon - Fluorinated ethylene propylene
PVF - Polyvinyl idene fluoride

~/ See applicable detai 1 specification sheet for
temperature [imitation.

~/ See applicable detail specification sheet for
mater ia[s contro( of specific cable configurations

~/ Although the specification does not 1imit the
nunber of conductors in a cable, the size,
ueight, and flexibi lity are determining factors.

~/ AvailabLe in three classifications:

Class L - Light Duty - to uithstand severe flexing and
frequent manipulation

Class H - Mediun Duty - to Hithstand severe flexing
and mechanical abuse

C(ass H - Heavy Duty - to withstand sever flexing
and mechanical abuse and abi 1ity to uithstand

severe service impacts such as to be run over
by tanks or trucks

~/ See app( icabie detai 1 specification sheet for mechanical
test requirements for cold bend, cold bend torque,
impact bend, and tuist.

~/ For use under abusive mechanical conditions and uhere
resistance to weather, oiL and ozone are requi rements.
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GUIDELINE 67

MARKING

1. EL!C@2S. This guideline establishes criteria for external and internal markings on equipment, ass~[ ies and ccmponent
parts. Marking for safety, shipping and hand(ing is not uithin the scope of this guideline.

2. Docunents applicable to guideline 67:

L-S-300
MIL-M-13231
MIL-P-15024
MIL-N-18307

MIL-S-81963

MIL-STD-12
MIL-STD-130
MIL-STD-195
i41L-STD-196
MIL-STD-280
HIL-STD-411
MIL-STD-783
MIL-STD-1189
MIL-STD-1285
MIL-STO-1812
IEEE 200

3. Definitions.

4. Guiddines.

Sheet ing ard Tape, Ref (ecting, Nonexposed Lens, Adhesive Backing
Marking of Electronic Items
P(ate, Tags and Bands for Identification of Equipment
Nomenclature and Identification for Electronic, Aeronautical and Aeronautical Support Equipment,
Including Ground Support Equipment
Servo-Components Precision lnstrunent, Rotating, Cannon Requirements and Tests, General Specification
for

,Abbreviations for Use on Drawings, Specificationsr Standards and in Technical Docunents.
Identification Marking of U.S. Military Prcperty
Marking of Connections for Electrical Assemblies
Joint Electronics Type Designation System
Def initiona of Item Levels, Item Exchangeabi iity, Models, and Related Terms
Aircreu Station Signals
Legends for Use in Aircrew Stations and on Airborne Equipment
Bar Code Synhlogy Standard
Marking of Electrical and Electronic Parts
Type Designation, Assigrunent and Method for Obtaining
Elect rica( and Electronic Parts and Equipments, Reference Designations for

Not applicable.

4.1 Patent information. At the manufacturer’s option, patent information may be included on equipment, subject to the
following restrictions:

a. The identification plate may contain patent information when approved by the procuring activity.

b. The location of and method used to mark patent information should not conf 1ict with any specified equipment
guidelines, such as marking, enclosure integrity, control and indicator locations, etc.

c. Patent information should not be located on or in equipinent having a security classification of confidential or
higher, with the exception that patented items used in security classified equipinent, when marked, should be marked
in such a manner that patent information should be visibte only when the item is removed or disassdled for repair
or replacement.

4.2 Snrbcdogy.

4.2.1 Reference designations. Except for external connectors and cables, reference designations should be employed to
identify the location of each item for its particular circuit application. The identification and marking of reference
designators for parts and equipnent should be in accordance Hith IEEE 200. t% suhniniaturized assemblies, such as printed or
●tched boards or other forma of ass~ly uhere space is at a premiun, the reference designat iona need not be marked. In tieu
thereof, reference designet ion marking should be shoun by means of pictorial diagrams, 1ine drauings, photograph, or other
media to provide for circuit identification (by means of reference designationa) in the appropriate handbooks for the
equipnent. [t should not be mandatory to mark the reference designations of parts in nonrepairable subessed ies.
Comectors may be further identified on that side of the panel to uhich the mating connector attaches, by a name denoting the
function of the cab[e attached thereto. External cables should be assigned reference designations U1, u2, etc, in accordance
with IEEE 200. The numerical port ions of the reference designations should be consecutive, where practicable.

4.2.2 Abbreviations and legends. Abbreviations and legends shou(d conform to MIL-STD-12, MIL-sTD-411, or MIL-sTD-783, as
applicable.

4.3 Marking methods. Equipnent, parts and assemblies should be permanently marked or identified. Permanency and
legibility should be as required in MIL-sTD-130.
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4.3.1 Direct marking. Markings may be apptied directly to a part or an assembly by die or rubber sta~ing, etching,
engraving, m[ding, casting, forging, decal comania transfer, stenciling, or si~k screening.

4.3.2 Plates. Information and identification ptates shouid conform to and should be marked in accordance uith
MIL-P-15024.

4.3.2.1 Identification (ID) dates. The ID p~ate should be fastened in such a manner as to remain firmty affixed
throughout the norma( 1ife expectancy of the item to uhich it is attached. Type G, adhesive-backed metai, ID plates should
be used on hermetically sealed items, magnesium cases, or other items where mounting of a plate by mechanica[ fasteners is
impractical.

4.3.2.2 ID date (ocation. Plates should be located so that they are not obscured by other parts.

4.3.3 Marking cables. cords and wires. The fo([owing methods shouid be used to mark cables, cords

a. Mo(ded on the cable or cord.

b. Stanpad on the cable, cord or uire.

c. Bands in accordance nith NIL-P- 15024, securely attached or captivated.

d. Adhesive tag or tape that should uithstand the applicable enviromnental guidet ines.

4.4 Bar codes. Bar codes should conform to MIL-sTD-1189.

aridMires:

4.5 Type designated items. Each item which is type designated in accordance with MIL-sTD-196 or MIL-STD-155 should
contain an identification marking in accordance with MIL-N-18307 for Navy and Air Force or MIL-M-13231 for Army. These items
are systems (electrical-electronic), sets, groups, and some units and ass~lies, as defined in MIL-STO-280.

4.6 Fuse holders. The current rating of fuses should be marked adjacent to the fuse holder. In addi tion, “SPARE” shoutd
be marked adjacent to each spare fuse holder.

4.7 Connections. Marking adjacent to plugs, jacks and other electrical connectors shou(d identify the connected circuits
to preclude cross connections. The connections to electrical parts such as motors, generators and transformer should be
marked in accordance uith MIL-STD-1%.

4.8 Servo-como nent connections and markinm. Servo-conponent marking and connection identification should conform to
NIL-S-81963.

4.9 Controls and indicating devices. Markings should be provided on the front of each exterior and interior panel and
panel door, also on control mounting surfaces of each chassis , subpanel, etc, to c~ear[y (though necessari (y brief [y)
designate the functions and operations of al( contro~s, fuses, and indicating devices mounted thereon, protruding through, or
avai Lable through access ho(es therein. All markings should be located on the panel or chassis in correct relationship to
the respect ive designated itema.

4.10 Sockets. The chassis should be marked to identify both sockets and parts, modules or assenbl ies to be plugged into
the sockets. The side of the chassis upon uhich itema are plugged into sockets should be marked, adjacent to each socket,
uith the reference designation for the item. The reverse side of the chassis should be marked, adjacent to each socket, with
the reference designation used in the circuit diagram and table of parts to identify the socket itsetf. If space does not
permit marking of reference designations for sockets and parts, modules, or ass~lies mounted in sockets, a location diagram
should be placed uhere it is viaibie when viewing the chassis, and shou(d display the markings described herein.

4.11 Cables, cords and wires. All cables, cords and wires hich require disconnection to remove units for servicing and
maintenance should be uniquely identified.

4.12 Printed wiring boards. Markings on printed uiring boards shou(d not interfere uith electrical operation. When ink
is used, it should be nonconductive. Markings shou~d be considered uhen leakage (creepage) distances are determined.

4.13 ReD(aceable parts and assemblies. Replaceable parts and assemblies should be marked for identification in accordance
with MIL-sTo-1285 or MIL-STD-130, as app(icab[e.
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4.14 Proqramnabte items. Equipments which are software programmable should indicate the identifying nunber and revision
of the software program nhich has been loaded into memory. The preferred method is to provide either a local or a remote
disp~ay which is under the control of the software program. However, when the use of a display is not practica~, the
equipment enclosure should be marked with the information as fol lows:

4.14.1 Premroduction and rmduction eauiunant. Preproduction and production equipment should be marked with the
identifying nuber and revision of the software program. The identifying nunber shou~d be preceded by the words “software
program”.

4.14.2 Development equiment. Developmt equipment should be marked in a manner simi lar to preproduction ard production
equipnent, except that means should be provided to easi [y change the revision letter by the use of a matte surface for hand
marking or by using self-adhesive labels. The use of the revision letter or mix and a patch letter or nurber is
permissible.

4.14.3 Certain hardware changes. The marking guidet ine does not apply when changes to the softuare program are
acccmpl ished by making a hardware change (for ●xenple, when the software program rasides in fusible 1ink devices such as
PRU4S) . In such cases, the marking guidel inea applicable to a hardware change should apply.

5. Information for guidance only.

5.1 Reflective markers. Where reflect ive markers are required
used .

reflective polyester tape n accordance uith L-S-300 may be
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GUIDELINE 68

READ~TS AND D ISPLAYS

1. ?!LWZ22. This guideline establishes criteria for the selection of readouts and displays.

2. Documents a~(icable to guideline 68:

MIL-D-2~03 Display, Optoelectronic, Readouts, Segmented, Genera( Specification for

MIL-O-87157 Disp[ays, Diode, Light Emitting, solid State, Gensral Specification for

3. Definitions. Readouts and displays are devices uhich are designed primsri ly to convert electrical information into
a(phanmeric or symbo( ic presentations. These devices may contain integrated circuit ry to function as decoders or drivers.

4. Guidelines.

4.1 00todectronic twx readouts. Optoelectronic type readouts should conform to MIL-D-28803.

4.2 Light emitting diode disDtavs. Visible light emitting diode displays should conform to MIL-D-87157, qual
or B.

5. Information for guidance only. Not applicable.

ty leve( A
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GUIDELINE 69

INTERNAL WIRING PRACTICES

Purpose. This guideline establishes criteria for interna( wiring practices.

Docunents applicable to guideline 69:

MIL-T-152

MIL-V-173

MIL-I-631
MIL-T-713
MIL-I-3158
MIL-I-3190
MIL-T-7928
141L-I-22076
HIL-I-23053
MIL-S-23190
NIL-T-43435
MIL-STD-108
MIL-STD-1130

Definitions.

Guidelines.

Treatment, Moisture and Fungus Resistant, of Ccmnunications, Electronic and Associated Electrical
Equipnent
Varnish, 140isture-And-Fungus Resistant (For Treatment of CcimnJnications, Electronic, and Associated
Equipment )
Insulation, Electrical, Synthetic-Resin Cuposition, Non-Rigid
Twine, Fibrous: l~regnatedr Lacing and Tying
Insulation Tape, Electrical Glass-Fiber (Resin Filied); and Cord, Fibrous-Glass
Insulation Sleeving, Electrical, Flexible, Coated, General Specification for
,Terminals, Lug: Spl ices, Conductors: Crinp Style, Co#er, General Specification for
insulation Tubing, Electrical, Non-Rigid, Vinyl, Very Lou Temperature Grade
Insulation shaving, Electrical, Heat shrinkable, Genara[ Specification for
Strapa, Clempa, and Mounting Harduare, Plastic and Metat for Cabla Harness Tying and Sqport
Tape, Lacing and Tying
Definition of and 6asic Requirements for Enclosure for Electric and Electronic Equipment
Connections, Electrical, So[der(ess, Urapped

Not applicable.

4.1 Clearance and Leakage (cree~ ge) distances. Clearance between solder connect ions or bare conductors, such as on
terminal strips, stand offs or similar connections. should be such that no accidental contact can occur between adjacent
connections ~~ stbjected to service conditions s~cified in the equipnent specification. For electrical clearance and
(eakage distances, see table 69-1.

4.2 Throw h hole Protection. Uhenever uires are run through holes in metal partitions, shields, and the like, less than
3 sen in thickness, the holes shwld be equippad Hith suitab(e mechanical protection (9ronniet) of insulation. Panels 3 nunor
more in thickness either should have gromnets or should have the hole edges roundad to a minimun radius of 1.5 m.

TABLE 69-1. Electrical c(earance and leakage (creepsge) distances.

Vottage ac
(rms) or dc

To 150

150-300

300-600

600-1000

Condition

A
B
c

A
B
c

A
B
c

A
B
c

Clearance
(Inn)

1.5
3
6

1.5
3
6

1.5
3
6

3

1;.5

Leakaqe diSI
Enclosure I

1.5
3
9.5

1.5

1;.5

3

1:.5

tees (m)
Enclosure 11

1.5
6
19

1.5

1$

3

1:
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a. Condition A. For use uhere the effect of a short circuit is limited to the unit, and where normal operating pouer
does not exceed 50 watts.

b. Condition B. For use where short circuit protection in the form of fuses, circuit breakers, etc, is provided, and
where normal operating power does not exceed 2000 uatts.

c. Condition C. For use where short circuit protection in the form of fuses, circuit breakers, etc, is provided, and
where normal operating power exceeds 2000 watts.

d. Enclosure I. Enc(osure I is an equipnent enclosure which has no openings, or in which the openings are so
constructed that drops of liquid or so(id particles striking the enclosure at any angle from O_ to 15_ frmn the
downward vertical cannot enter the enclosure either directly or by striking and running a~ong a horizontal or
inwardly inctined surface. (# Drip-proof enclosure for other than motors, generators, and simi[ar machines” of
MIL-STD-108 meets the description).

e. Enclosure 11. Enclosure II is any equipnant enclosure which affords less protection than enclosure 1.

4.3 Wiring arrangement. Uirfng should be arranged to permit bundling by one or more of the follouing methods or
permanently mounted in cable ducts.

4.3.1 Lacing. Twine should be in accordance with Type P of MIL-T-713.
should be in accordance with type SR-4.5 of MIL-I-3158.

4.3.2 Binding. Tape for binding should be as specified in MIL-T-43435

4.3.3 SLeeving insulation. Sleeving insulation shou~d conform to MIL-

Tape shou[d conform to MIL-T-43435. Cordage

-631, MIL-I-3190, MIL-1-22076, or MIL-I-23053.

4.3.4 Ura~in9 and tvinq. Plastic devices for wrapping and tying of wires should conform to 141L-S-23190.

4,4 So(derless wrawed wire connections. SolderLess wapped wire connections should be in accordance uith MIL-sTD-1130.
Procuring activity approval is required for Navy airborne and Army missi[e applications.

4.5 glamed connections. In no case shou(d ●lectrical connections depend upon wires, lugs, terminals, and the Like,
clan@ between a metal (ic menbar and an insulating msterial of other than a ceramic or vitric nature. Such comections
should be cl- betueen metal metdxrs, preferably, such as an assenkdy of ttionuts, two washers and a machine screw.

4.6 Connectors, insulation sleeving. Un@ted connectors furnished as integra( Mired in parts of articles of equipment
shou(d have a piece of inaulat ing tubing placed over each wire in the connector. The tubing should be long enough to cover
the contact and at least 12.5 tnnof insulation of the wire attached to it; but in no case should the length of the tubing
exceed 50 m. The minimun length of 12.5 mn may be reduced to 4.5 tmnwhere restricted volune does not permit longer tubing
(such as in miniaturized electronic subassemblies). The tubing should fit tightly over the contact or be tied securely
enough so that it will not siide off. If bare wire is used, the tubing should be long enough to extend at least 6 nsnbeyond
the contact, metat shet L or ctamp, whichever projects the farthest. This section does not app(y to connectors with bcdy
insu~ated crimp-on contacts, to insutat ion displacement connectors or mass soldered fIat cable connectors, nor does it apply
to wire wrapped connectors in accordance with MIL-STD-1130.

5. Information for guidance oniy.

5.1 Wiring arrangement. All wiring should be arranged in a neat and workmanlike manner. The use of preformed cables and
wiring harneas is preferred to the point-to-point methcd of wiring. Uires should be bundled and routed to minimize
electrical coupling. Unless suitably protected, wire or cab(e attached to sensitive circuits should not be placed adjacent
to a disturbing circuit.

5.2 Internal wiring. Stranded wire is preferred; however, solid wire may b-eused in the equipnent, provided such wire is
so insu(ated or held in p(ace that it does not fai 1 or show excessive mtion likely to resutt in fai Lure when the equipment
is subjected to vibrat ion and shock encountered under the specified service conditions. An uninterrupted wire is preferable
to a junction. The fo[[owing descending order of preference exists when junctions are used, and the choice of the (isted
junctions shou~d be determined by consideration of re[iabiiity factors, maintenance factors, and manufacturing procedures:

a. Permanent splices.

b. Bolted connections.

c. Connectors.
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5.3 Uirinq protect ion. The uiring shoutd be secured and protected against chafing due to vibration or movement (such as
s(ide out racks or drawers). For securing of wiring, po(yamide c[amps or urapping and tying devices uith integra( mounting
facilities or adhesive bonding are preferred. Metal clamps, if used, should be cushioned. Individua( conductors thus
secured should lie essentially paratlel.

5.4 Cable ducts. Uhere cab[e ducts are enployed, provisions shou(d be made for the removal of any uire that WY become
faulty. For example, covers may be enp(oyed at intervals to aid in the removal of a faulty uire.

5.5 Bend radius. The bend radius of Polyethylene cab~e should not be less than five times the cable diameter to avoid
establishing a permanent set in the cab(e.

5.6 S(eeving. Flexible p(astic s(eeving, either nonflanmnable, self extinguishing, or f[ame retardant, should be used on
cabtes akject to flexing, such as pena( door cab(es. The sleeving should be secured under cable c(anps at each end, and the
cable should be formed and secured so that the cab(e wil[ not be subject to abrasion in its normal flexing motion. In cases
~here abrasion cannot be avoided, additional protection should be provided.

5.7 Panel door cables. Wiring to parts on a hinged door ahouidbe in a single cable if possible, arranged to flex uithout
keing damaged when the door is opened and closed.

5.8 ~. Uires and cable should be as short as practicable, except that sufficient slack should be provided to:

a. Prevent undue stress on cable forms, wires and connections, including connections to resi 1ient ly supported parts;

b. Enable parts to be removed and replaced during servicing uithout disconnecting other parts;

c. Faci litate field repair of broken or cut uires;

d. Permit units in drawers and slide out racks to be pulled out to the limit of the slide or support travel without
breaking connect ions. Units which are difficult to comnect when mounted, should be capable of movement to a mare
convenient posit ion for connect ing and disconnecting cabies. When drawers or racks are fully extendad and rotated,
if rotatab(e, the cab(e band radius shou(d not be less than three times the cable assembly diameter. Uhen flat
molded cable assdl ies are used, the bend radius should not be less than ten times the cable assembly thickness;

e. Permit replacement of the connected part at (east tuice. Exceptions to this provision are cases where rf (cads nmt
be as short as possible for electrical reasons, when fixed path rotating is specified, or the amount of slack is
iimitad by space avai(able;

f. Ensure freedom of motion of lugs or termina[s normally intended to have some degree of movement.

5.9 Sumort. Uire and cable should be properly supported and secured to prevent undue stress on the conductors and
terminals and undue change in position of the wire or cable during and after subjection of the equilxnent to specified service
conditions, or after service or repair of the equipnent in a normal manner. When shie(ding on uire or cable is unprotected
by an outer insulation, adequate support ia necessary to prevent the shielding from coming in contact ~ith exposed termina(s
or conductors. Twine or tape should not be used for securing wire and cable.

5.10 Cable and harness design. Cab(es and separable harnesses shou[d be of the two-connector type. The two connectors
should be of the same nunber of contacts and all contacts should be wired point-to-point; (ie., pin 1 to pin 1, pin A to pin
A, or pin 1 to pin A and up in sequence). A mininxsn nutber of connector types and contact configurations within a type
should be used consistent with noncrossmating guidel ines and circuit and spare considerations,

5.11 Solderless trim connect ions. So[derless crinp connections should meet the fo((ouing guidelines:

a. Insulated, solderless tugs are preferred and should conform to MIL-T-7928.

b. Uhere thermat or other considerations prevent the use of insulated Lugs, noninsulated so~derless lugs conforming to
MIL-T-7928 should be used, provided they are covered with an insulating sleeve.

5.12 Fungus protection. Prior to attachment of terminals to prepared lengths of cab(es which contain materia(s that wiii
support fungus, the ends should be protected against entrance of moisture and fungus by treatment uith a fungi cida~ varn”ish
conforming to MIL-V-173 in accordance with NIL-T-152.
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GUIDELINE 70

ELECTRICAL FILTERS

Pur~se. This guide [ine establishes criteria for the se~ection and application of electrical filters.

Docunent amt icab(e to guideline 70:

klIL-sTD-1395 Fi[ters and Networks, Selection and Use of

3. Definitions. Not applicable.

‘4. Guidelines. E(ectrica( fi~ters should be selected ad apptied in accordance with MIL-STD-1395.

5. Information for quidance only. Not appi icable.
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GUIDELINE 71

CABLE AND UIRE, INTERCONNECTION

shes criteria for the selection and application of electr c cable and uire used for

2. Docunents aml icable to quide( ine 71:

QQ-U-343
MIL-C-17
MIL-U-76
MIL-c-442
MIL-c-3432
MIL-U-5D86
MIL-U-5845
MIL-U-5846
MIL-U-5908
UIL-C-7078
NIL-U-8777
MIL-C-13777
MIL-u-16878
MIL-U-19150
MIL-C-19547
MIL-u-22759
MIL-c-23437
MIL-c-24U0
MIL-c-24643
MIL-U-25038
MIL-c-27072
HIL-C-27500
NIL-c-55021
MIL-u-81044

HIL-U-81381
Ms25471
MS27110
ASTM B33-74
ASTM B298

3. Definitions.

Uire, Electrical, Copper (Uninsulated)
Cables, Radio Frequency, Flexib(e ami Semi-rigid, GeneraL Specification for
Uire and Cable, Hookup, Electrical, Insulated
Cable, Two Conductor, Parallel
Cable (Power and Special Purpose) and Uire, Electrical (300 and 600 Volts)
Wire, Electric, Po{yviny\ Chloride Insulated, Copper or C-r Alloy
Uire, E(ectrica(, Iron and Constantan, Thernncoupte
Wire, Electrical, Chrond and AluneL, Thermoco@e
Ui re, Electrical, Copper and Conatantan, Thermoco@e
Cable, E(ectric, Aerospace Vehicle, General Specification for
Uire, Electrical, Si licona-lnaulated, Copper, 600 Volt, 200*C
Cable, Special Purpose, Electrical: General Specification for
Wire, Electrical, Insu(ated, Genera( Specification for
Uire, Insulated, Hard Drawn Copper
Cable, Electrical, Special Purpose, Shore Use
Uire, Electric, Fluoropolymer-insulated, Copper or Co~r Alloy
Cable, Electrical, Shielded Pairs
Cable, Electrical, Lightweight, for Shipboard Use, Genera( Specification for
Cab[e and Cord, Electrical, Lou Smoke, for Shipboard Use, General S~cif ication for
Uire, Electrical, High Taqxrature and Fire Resistant, General Specification for
Cable, Special Purpose, Electrical, Multiconductor
Cable, Electrical, Shietded and Unshielded, Aerospace
Cables, Twisted Pairs and Triples, Interns 1 Hookup, General Specification for
Uire, Electric, Cross(inked Polyalkene, Crosstinked Alkane-imide Polymer, or Polyarylene Inaulatad,
Copper or Copper Al 10Y
I/ire, Electric, Potyimide-lnaulated, Copper or Copper Al toy
Wire, Electrical, SiLicone Insulated, Copper, 600 Vo(t, 200”C, Polyester Jacket
Uire, Electrical, Si liccna Inau(ated, Copper, 600 Volt, 200”C, FEP Jacket
Tinned Soft or Annealed Copper Uire for Electrical Purposes
Uire, Copper, Silver-Coated, Soft or Annealed

3.1 Interconnecting wire. Insulated, single-conductor uire used to carry electric current between units.

3.2 Interconnect ing cable. Two or more insulated conductors contained in a connm covering or one or more insulated
conductors with a gross metallic shield outer conductor used to carry electrical current between units.

4. Guidelines.

4.1 Wire se(ection. Selection of wire for interconnection between units should be in accordance with table 71-1.

4.2 Multi conductor cable se(ection. Se(ection of mu[ticonductor cable for interconnection between units shou(d be in
accordance uith table 7~ l~.— ‘—

4.3 Amlication restrictions.

4.3.1 MIL-U-76 usage. MIL-W-76 shal[ be used for Army appl

4.3.2 MIL-U-16878 usage. MIL-u-16878 sha(( not be used for

cation on(y (see 4.3.3).

Air Force or Navy aerospace applications.

4.3.3 Insulation restriction. Cable or Mire with polyvinyl chloride insulation sha[l not be used in aerospace
applications. Use of these wires or cables in any other app( icat ion requires prior approval of the procuring activity.
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4.3.4 MIL-u-22759 usa~e. MIL-u-22759 wire with only single po~ytetra-f luoroethy(ene insulation used in Air Force space
and missi te applications shat( require the approva( of the procuring activity.

4.3.5 Aluninum wire. Use of alumirun uire may need specific approval by the procuring activity.

4.3.6 Si(ver plated come r wire. Sitver p[ated copper wire shall not be used in applications involving Army missile
systems without certification by the wire manufacturer that it pisses the sodium po(ysulf ide test in accordance uith ASTM
B298 . Uire which fai(s this test will be rejected. Sitver-piated, cqpsr wire sha[l not be used in conjunction with water-
sotub(e sotder f[uxes. Wire shall be stored and handled in such a way so as to minimize exposure to moisture.

5. Information for quidance on~y.

5.1 Pu(sed or rf signals. All interconnecting cables carrying pu(sad or rf signals should be coaxial cables or waveguides
and should be terminated, when possible, in the characteristic impedance of the transmitting media.

5.2 Strandad comer conductor teat. The fo[(owing test procedure should be used for stranded conductors since the ASTM
B298 procedure covers on[y a single, round conductor.

5.2.1 Sodiun polvaulfide test. The strandad san@ea of amealed copper or copper al(oy base material shall be testad in
accordance with the ASTM B298, with the fol lowing exceptions:

NOTE : The ASTM test applies to single-end wires “taken before stranding. ” The a@ icabi 1ity of the polysulf ide
test is thus restricted by the ASTM in recognition of the abrasion to the wire inherent in the stranding
process. The fo(lowing exceptions and criteria sha(l be app(ied when testing stranded product:

a. Examination of the sa~(es to occur immediately after the so[ution cycle.

b. Sanples to be imnersed into the so[utions in the as-stranded condition.

(1) Uni Lay conatructiona to be tested as the whole conductor.

(2) Concentric constructions to be tested as whole conductor.

(3) Two msmbsrs from each tayer of rope constructions to be tested after they have been careful IY removed from the
finished rope.
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TABLE 71-1. Wire. electrical. interconnection.

Spat Construct ion
type Max

Spec
1/ Conductor 2/ Insulation

or Mater Coat
Cond

Primaryno. Jacket/ 1-Title class ial ing Type Primary cover topcoat “c
IIL-U-76 Uire and Cable, LU

Hookup, Electrical NH Cu/A Sn .S, Str 1
tnsu(ated HU

8,10,

HF
13A ~/

:Lw 2A

IL-U-5086 Uire, Electric, M5086/1
PVC Insulated, H5086/2 Cu/A
Copper or Copper

Sn 13A
h15086/3

Al[oy
Str 1

H5086/4
M5086/5 — —.

-M5086/6 HSA
H5086/7

_ +

I I I I I
IL-u-8777 Uire, Electrical, ~S25471 Culls Aa c+.

Si[icone Insulated, F.._. .
Copper, 600 v 2000c

I I i I
[L-W-16878 Uire, electrical, ~lamll

Insulated, High ~
Temperature u

I ‘-’”-[ - I‘-’
6

MS27I1O
13A

------

,ww&’iA’lA4 I 1 I8,1OJ’
m

.._..,—
Ccu —

— -.

~
6

3A
Ag

7— T
— _

6
r

4A*8,
*n 4.

!!u!w!M
M?#L;

M16878/10
— .

Sn 2A 8,10,11‘u”
M16878/11 Cu/A , —
M16878/12 Ccu Ag 4A
M16878/13
M16878/14 — G S,Str
M16878/15 Cu/A Sn 2C

8,10, I 80
13A 3J

T
8
8, 11 105

8
9A T

I 105
—.
8

-L-
12 200
4A

1,8,10,11 105
— .

3A,3B,4A
13B 3/ 200

4A,8,1O,
11 75— —,

4A I 200

I

Max
rms
volts Remarks

300 See Notes 4 and
1000 5. For Arm
2500 use on(y
1000

600

3000 Mediun weight

600 See Note 4

600

600 See Note 4
1000
3000
600
1000
250
600
1000
600

L

r
r

5
w%



TABLE 71-1. Wire. electrical. interconnection. - Conti~

I I I 1Max
Cond
telp
“c

Const t-t

m

ictor
>at
w type

tion

‘rimery

Max
m
volts

spec
type +&m
or

Title c1ass ial

Insulation
rimary Jacket/

RemarksSpec
no.

topcoat
I ,

ire, electrical,
nsulated, Hi9h
efnperature

IL-u-16878
Cent.

—1
1 105I

iA,38,h,
13B ~/ 2003B

r
3B
3A
r
3A
3B

6

2A

3B

Ag

Ni

. —

See Note 4

JA,3B,4A
13B ~ 600

m56-

T6r

1000

7m-

1000

260

-d

150

Tw
75

200
260

Sn IStr

~ —
S,Str

I
.—
A& Str

I I
—,
MIL-U-19150 Wire, Insulated,

Hard-Oram
copper

MIL-u-22759 biire, E(ectric,
Fluoro~lyntar-
insulated, copper
or cops-rA11oY

l--k 82A

I

13B3A,3B
30
3B,3D

3C

1422759f1
H22759/2
H2275913
:;:!9/:

/
H2275916

13B

J_‘r 600

260L_



spec
no.

41L-u-22759
:ont.

TABLE 71-1. Wire. electrical. interconnection - Continued.

spec Const
type 1/ Conductor
or Mater

Tit(e
cost

c1ass ial ing type

Iire, Electric, M22759/7 CUA Ag
‘luoropolymer- M22759/8
nsulated, Copper H22759/9

L

m Copper Alloy M22759/1 O
M22759/11

L
*

M22759/12
H22759/13 Sn
U22759/14
P122759/15 HSA A
M22759/16 Cu/A Sn
M22759117 HSA & Str
M22759/18 Cu/A Sn
M227S9/19
M22759/20

A

M22759/21 HSA -
M22759/22 +

%?%: — —CU/A Ag Str
M227S9/29 Ni— —
M22759/30 HSA *
M22759/3 1
M22759/32 w T
M22759/33 HSA L
M22759/34 Cu/A Sn
M22759/35 HSA &
M22759/41 Cu/A Ni
M22759/42 HSA
M22759/43 v T

I I I I

ction

~rirnar)

3A

4A

18

3A

20

{ Insula
~rimary
:over

I

Max
~ cod Max
Jacket/ telql l-ma
topcoat “c volts Remarks

200 Mediun Height
260 Mediun weight
200 1000
260

r —
260

Mediun Height
9A 135 Light ueight

— . 600 Light weight
Mediun Height

150 Madiun weight
Light wight

150. - . Light neight
1000

3A

7s

~ 600

T
20

200



TABLE 71-1. Uire, electrical. interconnection - Continued.

Ispec I Conatrl:tion-
-

Wimsry

f Insult
e
:over

Max
- Condon Max
Jacket/ tenp rms
topcoat “c Vo[ts

type I*or
titer

=

Spec
no.

!lL-u-25038

Title ]class ]ial Remarks

Ni Str
clad

Critical circuits uhere
electrica( integrity must
be maintained during
fire (1093”C ftame/
5 rein)

/ire, Electrical, M25038/1 Cu/A
{igh Temperature
ml Fire Resistant

15 3B 13B 288 600

IIL-U-81044

1 1

Sheets /12 & /13 Light
Height - See Note 4
Sheets /9 & /10 mediun
Height. See awl ication
temp limitation
stipulated on detai t
specification sheet

Sheets /7 through /10
light weight

Sheets /11 through /14
mediun weight
Sheets /17 through /20
light weight, single nraF
primary
Interconnect uiring where
weight, space, and high
tanperature capabi ~ity
are critical
Sheets /7 through /10 &
17/ through /20 -

See Note 4
3B jackets in sheets
/11, /12 & /22
are in sized 8 and Larger

/ire,Electric, Cross-
:inked Polyalkene,
:ross-(inked A(kane-
imide Polymer, etc
[nsulated, Copper or
;opper Al loy

Sn
+&

Str
*

Ag

9B 150 600

17

15 or 17

200 600

17

105
15 or 17

2B

7A

TAg
Ni

*

IIL-u-81381 /ire, Electric,
>olyimide Insulat4,
:opper or Copper
\((oy

\M81381/7 I CU/A

Cu/A Ag
Ni
Ag Str
Ni

*

Ag
Ni
Sn

HSA

Cu/A



TABLE 71-1. L/ire, electrical. interconnection - Continued.

~/ Conductor cede Description
Material Cu/A Copper, annealed

Cu/H Copper, hard-dram
Ccu Copper covered steel
HSA High strength copper al 10Y
Al Aluninun

Coat ing Sn Tin
Ag Silver
Ni Nickel

Type s Solid
Str Stranded

~/ Uhen specified on purchase order.

~/ Uire intended for use in electronic equipnent hook-up
applications. It may also be used as an interconnecting
mire uhen an additional jacket or other mechanical
protection is provided.

~/ Various ctiinations of primary, primary cover, and
jacket insulations and wshielded, shielded, etc,
construct ions are available to meet app[ ication
requirements. See detail wire specification.

~ Insulation code
1
2A
2B
2C
3A
36
3C
30
4A
4B
5
6
7A
79
8
9A
9B
10
11
12
13A
13B
14
15
16
17
18
19
20

Descrivtfon
Polyvinyl chlorida/extruded
Polyethylene/extruded
Polyalkene/cross-tinked extruded
PoLyethylene/cross- 1inked/modi fied/ext ruded
Potytetraf(uoroethy lene/extruded (TFE Teflon)
Polytetraf luoroethylene/tape
Polytetrafluoroethy lene/mineral filled/extruded
Polytetraf(uoroethy lene inpregneted glass type
Fluorinated-ethylene propylene/extruded (FEP Tef(on)
Fluorinated-ethylene propylene/dispersion
Monochlorotrifluoroethy lene/extruded (Kel-F)
Si[icone *r/extruded
FEP/polyimida film (Kapton)
Po\ymide lacquer (Pure ML)
Polymide/extrudar (Nylon)
Polyvinytidana fluoride/extruded (Kynar)
Polyvinyl idena fluoride/extruded/cross- linked
Braid/synthetic yarn/Lacquer impregnated
Braid/nylon/impregnated
Bra id/po 1yeater/ i~regneted
Braid/glass fiber/impregnated
Braid/TFE coated glass fibef/TFE finish
Braid/asbaatoa/TFE inpregnatad
Braid, maave or wrap/inorganic fiber
Alkane-imida polyntar/extruded/cross- linked
Modified aromatic polyimide
Ethylene-tetraf luoroethylene/extruded (Tefzel)
Po 1yaryl ene/ext ruded
Cross-linked, ●xtruded, modified ethylene-
tetrafluoroethy lana



TABLE 71-11. Cable. mu(ticoncbtor. interconnection.

Conductor Shield braid~/ Jacket ~/

Basic No. %
Spec no. Tit[e uire of volts Strand Strand Cover-

Specs cd RMS T- ~ material coat ing age Material l/ Type Remarks

NIL-c-442 Cab Le, QQ-U-343 2 300 Flexi- Vinyl -p(ymer Lead uire
(Uire), Tno & bi(ity or synthetic for firing
Conductor, Insulation at -40”C (atyrene buta- explosive
Para(~e~ or -55°C diene) rubber charges

or natural rubber

MIL-c-3432 Cabte (Pouer QQ-U-343 Unlimited 300 & -40”C to None or Tin 85 Styrene butadi ene Extruded &
and Specia1 & 600 +65*C Copper Rthber, chLoro- Vu[cani zed
(Purpose)and Insulation mixed or prene rubber,
Uire, E~ec- sizes -sSac to ethyt ene-propyl ene
trica[ (300 +73 “c rtbbar, ethylene-
& 600V) propylene-dienne

*r, polyure-
thane thermo-
plastic elestomer,

&/ ~ or netura[ rubber

MIL-C-7078 Cable, Elec- M5086/1 2-7 None
tric, Aero- M5086/2 1-7 600 105”C Copper Tin Potyamide (Nylon) Extruded or
Space M5086/3 1-7 Copper Tin
Vehicle

InpregBaird

M22759/ 12 1-7 260”c Copper Nickel 85 (a) Extruded (a) Fluorinated
M22759-23 1-7 260”c Copper Nicke L 85 (b) Extruded ethylene pro-

or tape
!!81044/9 1-7 Ilo”c

pylene
Copper Tin —85 Polyvinyl idene Extruded (b) Polytetra -

f(uoride fluoroethy[ene
M81381/8 2-7 200”C
/10 and /14 1-7 2ooac Cower Nicke[ 85 FEP/Do lyimide Fi(m Tape
M81381/11 2-7 200”C



TABLE 71-11. Cable. mutt iconductor. interconnection - Cent inued.

I I I Conductor I Shield Braid ~/

Basic No.
Spec no. Title nire of

specs Cond

MIL-C-442 Cable, M81381/12 1-7
cent. (Uire), Two M81381/13 1-7

Conductor,
Parallel

MIL-C-13777 Cable, MIL-C-17 2-78
Specia~ QQ-U-343
Purpose ASTM A580
Electrical &Insulation &

MIL-C-19547 Cable, Elec- ASTM 033-74
trical, Spec &Insulation
-ia1 purpose
Shore use

Multiple
tuisted
pairs, 6-
100 pairs

MIL-C-23437 Cable, Elec- MIL-U-
trical, 16878/1
Shie[ded
Pairs

I I

TMIL-C-24640 Cable, Elec- MIL-u-81044

Shielded 8
Jacketed
twisted
pairs
1 pair -
104 pairs

2-77 pair

volts
RMS

600

600

%
Strand Strand Cover-

TenqJ~ material coat ing age

150”C Copper Tin 85
200”C Coppar Nickel 85

75*C Corrugated 100
A(uninun

105” Copper Tin 90

Note: Shie .d applied over
each pair

llaterial ~ Type Remarks

FEP/polyimide Film Tape

~tion Polyethylene

Polyethylene Extruded For use as te~e
-phone & te(e-
graph signa(
cables in shore
cmnnunications

Pvc Extruded For use uithin
shore connuni -
cations sta-
tions, not to
be used on
board ship
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TABLE 71- I I . Cable. multiconductor. interconnection - Contirwad.

I I I Conductor I Shield Braid ~/ I Jacket ~/

Basic
Spec no. Title wire

specs

!41L-c-55021 Cable, MI L-U-16B
Twisted Pairs
& Triples,
Internal
Hookup,
Genera 1
Specification
for

-4

No.
of
Cond

2-3

volts
RMS Tamp ~

600 -40”C to
to +105”C
1000 or -65°C

to
+200”C

x
Strand Strand Cover-
msterial Coat i ng age Uaterial ~/

None or
Copper

Tin, 90
Silver
or Nickel

None
PVC.
Nylon
TFE-Teflon

Type

Extruded

Extruded
or Tape

Remarks

Polyester - Polyethylene Terephthalate ~ Available
TFE-Teflon - Polytetrafiuoroet}ly lene
Pvc - Po[yviny[ chloride (Not to be used in Class L -

airborne applications)
KEL-F - Polymonochlorotribluoroethylene
FEP-Tef(on - Fluorinated ethylene propylene Class M -
PVF - Po[yviny~idene f[uoride

See app~ i cable detai 1 specification sheet for Class H -
temperature limitations.

in three classifications:

Light Duty - to nithstand severe flexing and
frequent manipulation

Mediun Outy - to withstand severe flexing
and mechanical abuse

Heavy Duty - to withstand severe flexing and
mechanical abuse and ability to ~ithstand

severe service impacts such as to be run over
by tanks or trucks

See applicable detail specification sheet for ~ See applicable detail specification sheet for mechanical
meteria[s control of specific cable configurations test requirements for cold band, cold bend torque,

inpact bend, and t~ist.
Although the specification does not iimit the ~ For use under abusive mechanical conditions and where
nunber of conductors in a cab(e, the size, resistance to Heather, oil and oztme are requirements.
Height, and f[exibi(ity are determining factors.





1. Purpose. This guide~ine establishes cr

2. Docunents amlicab(e to guideline 72:

MI L-STD-973 Configuration Mangement

MI L- HDBK-454

GUIDELINE 72

SUBST I TUTAB1 L 1TY

teria for the se(ection and application of subst tute parts.

MI L-STD-983 Substitution List for Microcircuits

3. Definitions. Not applicable.

4. Guidelines.

4.1 Military CMrts. Substitution of parts covered by military specifications and standards that inc(ude subatitutabi lity
or auperseaaion inf ormat ion is acceptable. This type stbatitution does not require submission of engineering change
proposals, deviations, or uaivers in accordance ui th MI L- STD-973.

4.2 Conrnercia( m rta. t#vsn the equipment design specifies ● consnarciat part, a military specification part may be
atit ituted when the form, fit and functional characteriat ics of the mi 1 i tary part are equal to or better than those of the
specified ccmntercial part under equivalent envirorsnentat conditions. Applicable microcircuits are listed in MI L-STD-983.
Other substitutions are subject to appt icab[e configuration control procedures of MI L-STD-973.

4.3 Unavailable parts. When the equipinent design specifies a part that is unavailable, a substitute part which meets the
form, fit and functional characteristics of the specified part may be substituted after approval is obtained from the
applicable procuring activity. Applicable microcircuits are iisted in MI L-STD-983. Other substitutions are subject to the
applicable conf igurat ion control procedures of MI L-STD-973.

4.4 Initial qualification/reliability demonstration. Substitute parts with quality/rel iabi Lity characteristics superior
to those specified in the parts list should not be used in equipnent to be subjected to initia( qualification or
denmnstration tests.

5. Information for guidance only. Not applicable.

7.2-1





MI L- HDBK-454

GUIDELINE 73

STANDARD ELECTRONIC MCWLES

1. Purpose. This guideline establishes criteria for the se(ection and application of Standard Electronic Modules (SEM).

2. Documents awl i cable to guideline 73:

MI L-14-28787 Modules, Standard Electronic, General Specification for
MI L-STD-1378 Requirements for Emp[oying Standard Electronic Modules
MI L-sTD-1389 Design Requirements for Standard Electronic Modules
MI L- HDBK-246 Program Managers Guide for the Standard Electronic Modules Program

3. Definitions. Not applicable.

4. Guidelines. Guidelines for the design and application of standard electronic
klIL-sTD-1389 and MI L-sTD-1378. Standard electronic modules shou(d be in accordance

5. jnformtion for guidance only. Guidance for progran and acquisition managers
specific ayatem/equipment acquisitions is provided in MI L- HDBK-246.

modules should be in accordance ui th
uith NIL-M-28787.

as to tha ●ppl icabi ( ity of SEMS for
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MI L- HDBK-454

GUIDELINE 74

GROUNDING, BONO ING, ANO SHIELDING

1. Purpose. This guideline establishes grounding, bonding, and shielding interface cr
electronic equipment.

2. Documents amlicabie to guideline 74:

ter a for installation of

MI L-B-5087 Bonding, E[ectrica[, ard Lightning Protection, for Aerospace Systems
MI L-sTD-188-124 Grounding, Bonding, “and Shielding for Comnon Long Haul/Tactical Communication Systems Including Ground

Based C=nicatio%-Electron ics Faci 1 i ties and Equipments
MIL-STD-I31O Shipboard Bonding, Grounding, and Other Techniques for Electromagnetic Ccmpatibi [ ity and Safety

Shielding
MI L-STD-1542 Electromagnetic Conpatibi lity (EMC) and Grounding Requirements for Space System Facilities
MI L-STD-1857 Grounding, Bonding, and Shie[ding Design Practices
HIL-HDBK-619 - Ground, Bonding, and Shie(ding for Electronic Equipments and Facilities

3. Qefinitiona. Not app( i cable.

4. Guicidines. Gromding, bonding, and shielding provisions should be incorporated into equipment design, as necessary,
to enable insta( (ation of equipment into the applicable platform or facility. The grounding, bonding, and shielding
installation and interface guidelines are specified in the following docunents:

Aerospace grourd support f aci 1 i t i es MI L-B-5087
Aircraft and space veh i c 1es MI L-B-5087
Ground teleccwnrunicat ions C-E equipment MI L-STO-188-124
Shipboard equipment MI L-STD-131O
Ground space systems f aci 1 i ties MI L-STD-1542
Other Army ground equipment MI L-STD-1857

5. jnfortnation for guidance only. Extensive guidance for grounding, bonding, and shie(ding may be found in MIL-HDBK-419.
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GUIDELINE 75

ELECTROSTATIC DISCHARGE CONTROL

1. Purpose. This guidetine offers guidance regarding the handling and control of electronic parts and asstilies that are
susceptible to damage or degradation frcm electrostatic discharge. Guide[ ines for the establishment and inplementat ion of an
Electrostatic Discharge (ESD) control program in accordance with MI L-STD-1686 may be directly specified in the contract or
equipment specification.

2. Docunents app~icable to guideline 75:

M[L-M-3851O
MI L-STU-883
MI L-STD-1686

DOD- HDBK-263

3. Definitions.
DOO-HDBK-263.

4. Guidelines.

Microcircuits, General Specification for
Test Methods and Procedures for Microelectronics
Electrostatic
and Equipment
Electrostatic

and Equipment

Definitions of

Not applicable.

Discharge Control Program for Protection of Electrical and Electronic Parta, Assenbiies,
(excluding electrically initiated explosive devices)
Discharge CcsWrol Handbook for Protection of Electrical and Electronic Parts, AsseIIM ies,
(excluding

●pplicable

electrically initiated explosive devices)

terminology may be found in MI L-M-3851O, MI L-STD-883, MIL-STD-1686, and

5. Information for guidance only.

5.1 ESD contro[ Droqram. MI L- STD-1686 provides the guidelines for the establishment, implementation, and monitorin9 of an
ESD control program, including identification of Electrostatic Oischarge Sensitive (ESDS) items, classification of ESO
sensitivity ievels, control program elements, extent of program element appl icabi ( ity to each acquisition, protective
measures to be employed in equipment design, hand[ ing, storage, ar!d packaging of ESDS items, protected uork areas, personnel
training, ESO audits and program reviews, and tai (oring. Appendix A of MI L-STD-1686 provides the criteria and procedure for
classifying ESDS parts by test. Appendix B of MIL-STD-1686 identifies and classifies ESDS iteina. DOD-HDBK-263 provides
guidelines for the establishment and implementation of an ESD control program in accordance with MI L-STD-1686.

5.2 Genera~ guidelines for an ESD contro[ Dromsn. Any program designed for the prevention of ESD damage to ESDS parts
and asa-(ies should be based on the foliouing considerations:

a.

b.

c.

d.

e.

f.

9.

Identification of ESDS parta and assenWies and determination of sensitivity.

Minimization of static charge generation.

Reduction of stored charges (groundin9).

Iso(ation of ESDS parts (Faraday shielding and line transient protection).

Proper hatil ing, storage, and transportation of ESDS parts and assenbl ies.

Personnel training and certification.

Protected work areas.
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MI L- HDBK-454

GUIDELINE 76

FIBER OPTICS

1. WQQSE- This guideline establishes the criteria for the selection, application and testing of fiber optic material,
devices and accessories.

2. Docunents awlicable to guideline 76:

MI L-STD-188-111

MIL-STD-790
Dm-sTD-1678
DU)-STD-1863
MI L-STD-2163
MI L-STD-2196(SH)
1111L-c-22520/10
DOD-D-24620
MI L-C-2462t
DOD -S-24622
MI L-S-24623
MI L-H-24626
NIL-P-24628
MI L-s-24725

MIL-A-24726
MI L-R-24727
MI L-1-24728
MI L-M-24731

MI L-L-24732
MI L-c-24733
MI L-F-24734
MIL-T-24~5
HIL-M-24736

MI L-R-24737
MI L-c-28876
MI L-T-29504
MI L-F-49291
MI L-c-49292
MI L-I-81969
MI L-C-83522
MI L-T-83523
MI L-M-83524
NIL-K-83525

NIL-c-83526
NIL-C-83532
MI L-M-83533
MI L-C-85045

MI L- HDBK-415
EIA/TIA 587
IEC-693

Subsystem Design and Engineering Standards for Conmmn Long Hau( and Tactica( Fiber Optics
Consnunications
Product Assurance Program Requirements for Electronic and Fiber Optic Parts Specifications
Fiber Optic Test Methods and Inatrunentation
Interface Designs and Dimensions for Fiber Opt ic Interconnection Devices
Insert Arrangements for MI L-c-28876 (Navy) Envi rorvnent Resist ing Fiber Optic Connectors
G(ossory, Fiber Optics
Crinping Tml, Terminal, Hand
Detector, PIN, Fiber Optic (Metric)
Co@er, Passive, Fiber Optic, Ganera( Specificatim for (Metric)
Sources, LED, Fiber Optic (Metric)
Splice, Fiber Optic Cable, General Specificatim for (Metric)
Harness Assan!bl i es, Cable, Pressure Proof, Fiber Optic
Penetrators, Hul 1, Cormectorized, Connectors, Pressure Proof, Fiber Optic, Submarine
Suitches, Fiber Optic, Shipboard, Electrical Nonlatching, Bypass, Multimode Cable, Standalone

(Metric)
Attenuators, Fiber Optic, Shipboard, General Specification for
Rotary Joints, Fiber Optic, Shipboard (Metric), General Specification for
Interconnection Box, Fiber Optic, Metric, General Specification for
Multiplexer, Demultiptexers, Mu[tiplexers, Demu(tiplexers (Muldems), Frequency Division, Fiber
Optic, lnterfaceable, Shipboard (Metric), General Specification for
Light Sources, Rigid and Flexible, Fiberscope, Fiber Optic (Metric), General Specification for
Controllers, Interface Unit, Fiber Optic (Metric), General S~cification for
Fiberscope, Fiber Optic (Metric), General Specification for
Trmsmitters, Light Signal, AMlog, Fiber Optic (Metric), General Specification for
Multiplexer, Danultiplexers, Multiplexer, Demultiplexers (Muldems), Time Division, Fiber Optic,
lnterfsceable, Shipboard (Metric), General Specificatim for
Receivers, Light Signet, Analog, Fiber Optic, Shi@oard (Metric), General Specification for
Co~ectors, Fiber Optic, Envirofsnent Resisting (for Navy Shipboard Appl icatima)
Tarmini, Fiber Optic Connector, Removable
Fiber, Optical, General Specification for
Cab(e Assembly, Nonpressurized, General Specification for
Insta[[ing and Remova( Tools, Electrical Contact, General Specification for
Connectors, Fiber Optic, Sing(e Terminus, General Specification for
Tools, Fiber Optic, General Specification for
Microscope, Optical, for Field Inspection of Optical Fibers
Kit, Portable Opticel Microscope, Hi litarized, 200X Magnification for FieLd Inspection of Optical
Fibers
Connector, Fiber Optic, Circular, Envirotxnent Resisting, Hermaphroditic, General Specification for
Connectors, Fiber Optic
Maintenance Kit, Fiber Optic Components, General Specification for
Cablef Fiber Optic, Environment Resisting (for Navy Shipboard A@ication), General Specification
for
Design Handbook for Fiber Optic Connunications Systems
Fibers, Optical Graphic Synbols
Optics\ Fibers, Dimensions of
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3.

3.1

4.

4.1

Definitions.

Terminology. Definitions of terminology used in fiber optics technology should be

Guidelines.

S* logy. Graphic synbols for fiber optic parts for use on engineering drauings,

as contained in

specifications,

MI L-sTD-2196(sH).

etc, should be as
contained in EIA/lfA 587.

4.2 Dimensions. Dimensions for optica[ fibers should be as specified in IEC-693 and MI L-F-49291.

4.3 Interface desicins and dimensions. Standard interface designa, dimensions and termination types for use in fiber optic
connectors and coupters should be as specified in DOO-STD-1863.

4.4 Svstem and subsvstem design. Fiber optic system and subsystem designs should be in accordance uith the criteria
specified in MI L-STD:188-111 (see 5.1 also).

4.5 Test CWocedures. Standardized test procedures for fiber optic ccaponents shodd be as specified in DOD-STD-1678.

4.6 Light sources.

4.6.1 Light emitting diodes (LEDs~. Fiber optic LED sources should conform to DDO-S-24622.

4.6.2 Fiberscope 1 i ght sources. Fiber optic tight sources for rigid and f[exible fiberscopes should conform to
MI L-L-24732.

4.7 Splices. Fiber optic splices should conform to MI L-s-24623.

4.8 Cables—. Fiber optic cables should conform to MI L-c-85045.

4.9 Cable assemblies. Cable assenb[ ies shodd conform to NIL-c-49292.

4.10 Harness assemblies. Fiber opt i c harness assenb[ ies should conform to MI L-it-24626.

4.11 Cotwlec tore. Fiber optic connectors should conform to MIL-c-28876, MI L-c-83522, MI L-c-83526 or 141L-c-83532. Insert
arrangements for MI L-c-28876 comectora shald conform to MI L-sTD-2163. Removable terminals for fiber opt i c connectors
should

4.12

4.13

4.14

4.15

4.16

4.17

conform to MI L-T-29504.

Penet raters. Fiber optic penetrators (hul 1 or bulkhead) should conform to NIL-P-24628.

Detectors. Fiber optic detectors should conform to DDO-D-24620.

Couplers. Fiber optic couplers should conform to MI L-c-24621.

Rotary joints. Fiber optic rotary joints should conform to MI L-R-24727.

Interconnect ion boxes. Fiber opt ic interconnection boxes should conform to MI L- I-24728.

Multiplexer and demultiplexers.

4.17.1 Frequ ency division. Fiber optic frequency division multip[exers and demultiplexers should conform to MI L-M-24731.

4.17.2 Time division. Fiber optic time division mltip~exers and demltiplexers should conform to MI L-M-24736.

4.18 Control Iers, interface unit. Fiber optic controllers shouid conform to MI L-C-24733.

4.19 Fiberscopes. Fiber optic fiberscopes should conform to MIL-F-24734.

4.20 Transmitters, analog. Fiber optic analog transmitters should conform to MI L-T-24735.
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4.22

4.23

4.24
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Receivers, analog. Fiber optic analog receivers shou(d conform to MI L-R-24737.

Attenuators. Fiber optic attenuators should conform to MI L-A-24726.

Switches. Fiber optic suitches should conform to MI L-S-24725.

loots and inspection equipment. Fiber optic toots, inspection equipment, and related kits should conform to
MI L-I-81969, !411-1-83523, MI L-M-83524, MI L-K-83525, MI L-M-83533 and MI L-c-22520/10.

5.

5.1

5.2
refer

Information for guidance only.

Desiqn guides. Fiber optic system design guide information is available in MI L- HDBK-415.

Product assurance program. When a guideline exists for the implementation of a fiber optic product assurance program,
to MI L-STD-790.
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GUIDELINE 77

INTEGRATED DIAGNOSTICS

1. Pumose. This guideline establishes a design process for integrating a~ 1 elements uhich constitute a weapon system’s
diagnostic capabi 1 ity. Engineering analyses, qualitative and quantitative guidelines, design analysis, demonstration and
maturation guide ~ines may be specified in the contract or system/equipinent specification, as appropriate.

2. Docunents aprd i cable to guideline 77:

MI L-H-46855 Hunan Engineering Requirement for Mi litary Systems, Equipnent and Faci lities
MI L-STD-415 Test Provisions for Electronic Systems and Associated Equipnent, Design Criteria for
MI L-STD-470 Maintainabi 1 ity Program for Systems and Equipment
MI L-STD-471 Maintainabi 1 ity Veri f ication/Demonst ration/Evaluation
MI L-STD-499 Engineering Management
MI L-STD-2165 Testabi i ity Program for Electronic Systems and Equipments
MIL-sTD-1814 Integrated Diagnostics
MIL-STD-1326 Test Point, Teat Point Selection and Interface Requirements for Equipments Monitored by Shipboard

on-line Automatic Teat Equipment
MIL-STD-1388-1 Logistics S~rt Analysis
AFGS-W256 AF Guide Specification on Integrated Diagnostics
ASTM-F-1166 Starxlard Practices for I@nan Engineering Design for Marine Systems, Equipment, and Faci 1 i ties

3. Definitions.

3.1 Integrated diagnostics process. Integrated Diagnostics is defined as a structured process which maximizes the
effectiveness of diagnostics by integrating pertinent elements, such as testability, autcmatic and manual testing, training,
maintenance aiding, and technical information as a means for providing a cost-effective capabi I i ty to detect and
unatiiguously isolate al 1 faults known or expected to occur in weapon systems and equipment and to satisfy weapon system
mission guidelines. This an@asis on the design and acquisition of the diagnostic capabi 1 ity is raqui red because this
capabi 1 i ty tends to become f ract i onsted. MI L- STD-2165 is the overal 1 docunent for teatabi 1 ity. However, bacaue it is a
multi disciplined process, reference to other portions of military docunents that may be invoked or may be cited directly are
MI L-STD-470, MI L-STD-471, MI L-STD-499, MIL-sTD-1814, MI L-STD-1388-1, MI L-H-46855, AFGs-87256, and ASTM-F-1166.

4. Guidelines. Not aopt i cable.

5. Information for guidance only.

5.1 Test Provisions.

5.1.1 Testability R roqrams. When spec
accordance uith MI L-sTD-2165.

f ied by the procuring activity a testabi 1 ity program should be inp(emented in

5.1.2 Bui(t-in-test devices. Bui lt - in test devices should maintain their accuracy under al 1 oparat ing conditions required
by the equipnent under test. These devices shouid be provided with connections or access for their operational checkouts or
calibration.

5.1.3 Test provisions. Test provisions should provide means for monitoring performance, calibration, and fault isolation
in accordance with MI L- STD-415. Equipnent which is required to be tested by on-1 ine Autoinat ic Test Equipment (ATE) should
provide test points in accordance with MI L-sTD-1326.

5.1.4 Teat cables. Test cables and extender cards should be provided and fitted with connectors to al 10M removable
subassehlies to be electrical (y reconnected for maintenance.

5.1.5 External test c)oints. Protection should be provided in the test point circuitry to prevent equipment damage caused
by the external grounding of test points.

5.1.6 Failure effect. Provisions for testing shoutd be designed that any fai Lure of bui Lt-in test devices wi (( not degrade
equipment operation or cause equi pnent shut down.

5.2 Safety criteria. Safety criteria should be ap@ied during equipment harduare design, selection, end construction to
eliminate or controt hazards that cou(d cause injury to personne~ during transportation, storage, installation, operation,
maintenance or disposal, or damage to equipment or property.
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Guide Line 78

PRIXWCIBILITY

1. Purwse. This guideline offers guidance as to producibi 1 ity guidelines which shou~d be considered when preparing
cent ractua 1 docunents. Producibi 1 ity program tasks, quantitative guide( ines, and verification or demonstration guidelines
may be directly specified in the contract or the system and/or equipment specification, as appropriate.

2. Docunents aml i cable to guideline 78:

DoD 4245.7M
NAVSO P-3679
NAVSO P-6071
MI L- HDBK-727

3. Definitions. Not

Transition frcm Development to Production.
Producibi ( ity Measurement Guidelines.
Best Pratt ices.
Design Guidance for Producibi lity.

applicable.

4. $uidelines. Not applicable.

5. ~nformetion for guidance on[y.

5.1 Producibility proqram. Producibi 1 ity engineering and planning tasks aimed at preventing, detecting, and correcting
manufacturability design deficiencies and providing producibility related information essential to acquisition, operation,
and support menageinent should be included in contract guidel ines uith the objective of establ ishing and maintaining an
efficient producibi 1 i ty program according to program phase. NAVSO P-3679 is the overal 1 program docment for the subject.
The successful crest ion and management of a producibi 1 ity program is detai led in section 2.

a. This section should a(so referetue risk measure and abatement.

b. Response: Producibi 1 i ty engineering is the abatement of producibility risk It does not relate to performance,
overal 1 cost, or other nonproduction related risks. The docunants ref eranced handle the production risk issues
adequately, so I would recomnend against adding anything further.

5.2 producibi 1 itv measurement. Producibility measurement ●nd ●aseaament tools are a criticat part of insuring a product
is ready for procbction. Sections 3 and 4 of NAVSO P-3679 give Wo industry exmplee of measurement and assessment tools.

5.3 Quantitative 9uide(ines. Quantitative producibility guidelines and verification or demonstration guidelines should be
eatabl i shed as appropriate to p“rogram phaae. Producibi ( ity measurement is an essential pert of the design process uhich can
determine the probebi I i ty of successful product i on. Minimal tai(oring should be required when NAVSO P-3679 is applied to a
program. Other producibility docunents Aich may be cited directly as a basis for contract guidelines include DoD 4245.7M,
NAVSO P-6071, and MI L- HDBK-727.

a.

b.

A (ink to design-to-cost should also be made here.

Response: Design-to-cost is a somewhat separate topic with 1 itt(e formal guidance. I t is much broader than just
producibility issues. Manufacturing cost is the driver for producibtity and ia covered in the referenced docunents,
so I uouldnft reccumnend edding a design to cost link at this time.

78-1





MI L- HDBK-454

I 1NDEX OF APPL I CABLE DOCUMENTS

Doctm’wnt Guideline

SPEC1FICATIONS

Federal

FF-F-300 . . . . . . . . . . . . . . . . . . . . ...52
L-P-516 . . . . . . . . . . . . . . . . . . ...11.26
L-S-300 . . . . . . . . . . . . . . . . . . . . . . . . 67
v-T-276 . . . . . . . . . . . . . . . . . . . . . ...44
v-T-285 . . . . . . . . . . . . . . . . . . . . . ...44
v-T-291 . . . . . . . . . . . . . . . . . . . . . . ..~
V- T-~ . . . . . . . . . . . . . . . . . . . . . ...44
FF-B-171 . . . . . . . . . . . . . . . . . . . . . ...6
FF-B-185 . . . . . . . . . . . . . . . . . . . . . ...6
FF-B-187 . . . . . . . . . . . . . . . . . . . . . ...6
FF-B-195 . . . . . . . . . . . . . . . . . . . . . ...6
FF-B-575 . . . . . . . . . . . . . . . . . . . . ...12
FF-N-836 . . . . . . . . . . . . . . . . . . . . ...12
FF-R-556 . . . . . . . . . . . . . . . . . . . . ...12
FF-s-85 . . . . . . . . . . . . . . . . . . . . . ...12
FF-S-86 . . . . . . . . . . . . . . . . . . . . . ...12
FF-s-92 . . . . . . . . . . . . . . . . . . . . . ...12
FF-S-200 . . . . . . . . . . . . . . . . . . . . ...12
FF-S-210 . . . . . . . . . . . . . . . . . . . . . ..I2
FF-U-84 . . . . . . . . . . . . . . . . . . . . . ...12
FF-u-92 . . . . . . . . . . . . . . . . . . . . . ...12
FF-U-lOO . . . . . . . . . . . . . . . . . . . . ...12
HH-I-553 . . . . . . . . . . . . . . . . . . . . ...11

Docunent Guide{ine

QQ-S-766 . . . . . . . . . . . . . . . . . . . . . . . .41
QQ-u-321 . . . . . . . . . . . . . . . . . . . . . . . .41
QQ-u-343 . . . . . . . . . . . . . . . . ..2 O.66.71
TT-S-1732 . . . . . . . . . . . . . . . . . . . . ...12
w-L-800 . . . . . . . . . . . . . . . . . . . . . ...43
w- P-236 . . . . . . . . . . . . . . . . . . . . . ...43
22-R-765 . . . . . . . . . . . . . . . . . . . . . ...26
CCC-C-428 . . . . . . . . . . . . . . . . . . . . ...44
MMM-A-121 . . . . . . . . . . . . . . . . . . . . ...23
H-A-130 . . . . . . . . . . . . . . . . . . . . . ..~
w-A-132 . . . . . . . . . . . . . . . . . . . . . ..Z
MMM-A-134 . . . . . . . . . . . . . . . . . . . . ...23
W-A-lB . . . . . . . . . . . . . . . . . . . . ...=
MMM-A-181 . . . . . . . . . . . . . . . . . . . . ...23
MMM-A-189 . . . . . . . . . . . . . . . . . . . . ...23
MMM-A-1617 . . . . . . . . . . . . . . . . . . . ...23
MMM-A-1931 . . . . . . . . . . . . . . . . . . . ...23

Military

MI L- I-1O . . . . . . . . . . . . . . . . . . ...11.26
MI L-M-14.....................11,26
MI L-c-17..................65,66,71
MI L-B-18 . . . . . . . . . . . . . . . . . . . . . ...27
MI L-D-24 . . . . . . . . . . . . . . . . . . . . . ...46
MIL-S-61... . . . . . . . . . . . . . . . . . . . .
MIL-U-76 . . . . . . . . . . . . . . . . . . ...20..
I! IL-T-152.....................4,69
MI L-C-172 . . . . . . . . . . . . . . . . . . . . ...55
MI L-v-lZI . . . . . . . . . . . . . . . . . . ...4.69
MI L-c-442 . . . . . . . . . . . . . . . . ...66.71

11-1



MI L- HDBK-454

Docment Guideline

MI L-IJ-530 . . . . . . . . . . . . . . . . . . . ...44
MI L-c-572 . . . . . . . . . . . . . . . . . . . ...44
MI L- I-631 . . . . . . . . . . . . . . . . . .. I1.69
MI L- J-641 . . . . . . . . . . . . . . . . . . . . ..1O
MI L- P-642 . . . . . . . . . . . . . . . . . . . . . .10
MI L-T-713 . . . . . . . . . . . . . . . . . . . ...69
MIL-S-1222 . . . . . . . . . . . . . . . . . . ...12
MI L- I-1361 . . . . . . . . . . . . . . . . . . . ..4O
MI L-L-2105 . . . . . . . . . . . . . . . . . . ...43
NIL-G-3111 . . . . . . . . . . . . . . . . . . ...46
MI L-G-3124 . . . . . . . . . . . . . . . . . . ...46
HIL-~-3150 . . . . . . . . . . . . . . . . . . ...43
MIL-I-3158 . . . . . . . . . . . . . . . ...11.69
MIL-I-31W . . . . . . . . . . . . . . . ...11.69
MIL-c-3432 . . . . . . . . . . . . . . . ...66.71
MI L-T-3530 . . . . . . . . . . . . . . . . . . ...44
IIIIL-s-3644 . . . . . . . . . . . . . . . . . . ...42
MI L- L-3661 . . . . . . . . . . . . . . . . . . . ..5O
MI L-I-3825 . . . . . . . . . . . . . . . . . . ...11
MI L- L-3890 . . . . . . . . . . . . . . . . . . ...65
MI L-L-3918 . . . . . . . . . . . . . . . . . . ...43
MI L-A-3920 . . . . . . . . . . . . . . . . . . ...23
MI L-K-3926 . . . . . . . . . . . . . . . . . . ...28
HIL-B-3990 . . . . . . . . . . . . . . . . . . . ...6
MIL-U-40= . . . . . . . . . . . . . . . . . . ...44
MI L-M-4820 . . . . . . . . . . . . . . . . . . . . . 46
MI L-u-5086 . . . . . . . . . . . . . ..2O.66.71
MI L-B-5087 . . . . . . . . . . . . . . . . . ..I.74
MIL-H-5440 . . . . . . . . . . . . . . . . . . ...49
MIL-A-5540 . . . . . . . . . . . . . . . . . . ...23
MIL-F-5591 . . . . . . . . . . . . . . . . . . ...12
NIL-R-5674 . . . . . . . . . . . . . . . . . . ...12
MI L- B-5687 . . . . . . . . . . . . . . . . . . . . ..6
MI L-u-5845 . . . . . . . . . . . . . . . . ..66.7 I

Docwnent Guideline

MI L-bJ-5846 . . . . . . . . . . . . . . ..20. ~.7l
MI L-u-5908...................66,71
MI L-L-6085 . . . . . . . . . . . . . . . . . . . ...43
MI L-L-6086 . . . . . . . . . . . . . . . . . . . ...43
MI L- L-6363 . . . . . . . . . . . . . . . . . . . . ..5O
MI L-B-6812 . . . . . . . . . . . . . . . . . . . ...12
MI L-u-6858 . . . . . . . . . . . . . . . . . . . ...13
MI L-c-7078...................66,71
MIL-I-7444 . . . . . . . . . . . . . . . . . . . ...11
MI L-s-~42 . . . . . . . . . . . . . . . . . . . . ..l2
MIL-H-7793 . . . . . . . . . . . . . . . . . . . ...51
141L-L-7806 . . . . . . . . . . . . . . . . . . . . ..5O
MI L-B-7838 . . . . . . . . . . . . . . . . . . . . . 12
MIL-B-7883... . . . . . . . . . . . . . . . . . . 59
MIL-R-~5 . . . . . . . . . . . . . . . . . . . . ..l2
MI L-T-7928 . . . . . . . . . . . . . . . ...19.69
MI L-S-7947 . . . . . . . . . . . . . . . . . . . ...41
MI L-L-7961 . . . . . . . . . . . . . . . . . . . ...50
MI L- M-7969 . . . . . . . . . . . . . . . . . . . . ..46
MI L-s-8516 . . . . . . . . . . . . . . . . . . . ...47
MI L-A-8576 . . . . . . . . . . . . . . . ...--..23
MI L-M-8609 . . . . . . . . . . . . . . . . . . . ...46
MIL-U-8777...................66,7I
MI L-R-8814 . . . . . . . . . . . . . . . . . . . ...12
NIL-B-8831 . . . . . . . . . . . . . . . . . . . ...12
MI L-S-U~ . . . . . . . . . . . . . . . . . . . . ..l2
MI L-H-8891 . . . . . . . . . . . . . . . . . . . ...49
MI L-W-8939 . . . . . . . . . . . . . . . . . . . ...24
MI L-u-8942 . . . . . . . . . . . . . . . . . . . . ...6
MI L-B-W3 . . . . . . . . . . . . . . . . . . . . ...6
MI L-u-89U . . . . . . . . . . . . . . . . . . . . ...6
MIL-C-9074 . . . . . . . . . . . . . . . . . . . ...44
MI L- F-9397 . . . . . . . . . . . . . . . . . . . ...46
MI L-B-10154 . . . . . . . . . . . . . . . . . . ...27

11-2



MI L- HDBK-454

Docunent Guideline

II I L-C-10544 . . . . . . . . . . . . . . . . . . . .10
HIL-B-11188 . . . . . . . . . . . . . . . . . ...27
MI L-S-12285 . . . . . . . . . . . . . . . . . ...58
M1L-c-12520 . . . . . . . . . . . . . . . . . . ..1O
141L-s-12883 . . . . . . . . . . . . . . . . . . ..6O
MI L-T-13020 . . . . . . . . . . . . . . . . . ...11
MIL-M-13231 . . . . . . . . . . . . . . . . . ...67
MIL-s-13282 . . . . . . . . . . . . . . . . . ...41
MIL-B-13506 . . . . . . . . . . . . . . . . . . ...6
MIL-S-13572 . . . . . . . . . . . . . . . . . ...41
MIL-C-.13777 . . . . . . . . . . . . . . ...66.71
MIL-P-15024 . . . . . . . . . . . . . . . . . ...67
000-B-15072 . . . . . . . . . . . . . . . . . ...27
HIL-L-15098 . . . . . . . . . . . . . . . . . ...50
MIL-I-15126 . . . . . . . . . . . . . . . . . ...11
HIL-T-15659 . . . . . . . . . . . . . . . . . ...19
NIL-L-15719 . . . . . . . . . . . . . . . . . ...43
MI L-s-15743 . . . . . . . . . . . . . . . . . ...58
MI L-M-16034 . . . . . . . . . . . . . . . . . ...51
MI L-M-16125 . . . . . . . . . . . . . . . . . ...51
141L- F-16552 . . . . . . . . . . . . . . . . . ...52
HIL-W-16878 . . . . . . . . . . . . ..2 O.66.71
MI L- I -16923 . . . . . . . . . . . . . . . . . ...47
UIL-M-17059 . . . . . . . . . . . . . . . . . ...46
MIL-M-17060 . . . . . . . . . . . . . . . . . ...46
MIL-1-17205 . . . . . . . . . . . . . . . . . ...11
MIL-L-17331 . . . . . . . . . . . . . . . . . ...43
MIL-B-17380 . . . . . . . . . . . . . . . . . . ...6
UIL-M-17413 . . . . . . . . . . . . . . . . . ...46
MIL-M-17556 . . . . . . . . . . . . . . . . . . . . 46
MIL-H-17672 . . . ..m . . . . . . . . . . . ...43
MIL-P-18177 . . . . . . . . . . . . . . . . . ...11

Document Guideline

MI L- F-18240 . . . . . . . . . . . . . . . . . . . . .12
MI L- N-18307 . . . . . . . . . . . . . . . . . . . . .67
MI L-s-18396 . . . . . . . . . . . . . . . . . . ...58
MI L- I -18746 . . . . . . . . . . . . . . . . . . ...11
MI L-M-19097 . . . . . . . . . . . . . . . . . . ...46
MI L-u-19150 . . . . . . . . . . . . . . . . ..2O.71
MI L-M-19160 . . . . . . . . . . . . . . . . . . ...46
MI L-8-19166 . . . . . . . . . . . . . . . . . . ...11
MI L-C-19311 . . . . . . . . . . . . . . . . . . ...41
MI L-S-19500 . . . . . . . . . . . . . . . ...30.50
NIL-C- 19547..................66,71
NIL-M-19633 . . . . . . . . . . . . . . . . . . ...46
MI L-I-22076..................11,69
MI L-T-22361 . . . . . . . . . . . . . . . . . . ...12
MI L- I -22129 . . . . . . . . . . . . . . . . . . ...11
MI L-ti-22397 . . . . . . . . . . . . . . . . . . ...23
MI L-s-22432 . . . . . . . . . . . . . . . . . . ...56
MI L-s-22473 . . . . . . . . . . . . . . . . . . ...12
MI L-c-22520/10 . . . . . . . . . . . . . . . ...76
NIL-u-22759 . . . . . . . . . . . . . ..20.66 .71
MI L-S-22820 . . . . . . . . . . . . . . . . . . ...56
MI L-T-22821 . . . . . . . . . . . . . . . . . . ...56
MI L-C-22931 . . . . . . . . . . . . . . . . . . ...65
MI L- F-22978 . . . . . . . . . . . . . . . . . . ...12
MI L-I-23053..................11,69
MI L-B-23071..................46,52
MIL-S-23190 . . . . . . . . . . . . . . . . . . ...69
MIL-I-23264 . . . . . . . . . . . . . . . . . . ...11
MIL-L-23398 . . . . . . . . . . . . . . . . . . ...43
NIL-C-23437 . . . . . . . . . . . . . . . ...66.71
MIL-S-23586 . . . . . . . . . . . . . . . . . . ...47
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HIL-I-23594 . . . . . . . . . . . . . . . . . . ..II
UIL-T-23648 . . . . . . . . . . . . . . . . . ...33
MI L-c-23806 . . . . . . . . . . . . . . . . . ...65
MI L-G-23827 . . . . . . . . . . . . . . . . . ...43
MI L-M-24041 . . . . . . . . . . . . . . . . . ...47
MI L-1-24092 . . . . . . . . . . . . . . . . . . ..I1
HIL-G-24139 . . . . . . . . . . . . . . . . . ...43
MI L-A-24179 . . . . . . . . . . . . . . . . . ...23
MI L- I -24204 . . . . . . . . . . . . . . . . . ...11
NIL-G-24211 . . . . . . . . . . . . . . . . . ...53
MI L-R-24243 . . . . . . . . . . . . . . . . . ...12
MI L-s-24251 . . . . . . . . . . . . . . . . . . ..6D
MI L-H-24325 . . . . . . . . . . . . . . . . . ...26
MIL-I-24391 . . . . . . . . . . . . . . . . . ...11
MIL-G-24508 . . . . . . . . . . . . . . . . . ...43
DOD-D-24620 . . . . . . . . . . . . . . . . . ...76
MI L-c-24621 . . . . . . . . . . . . . ...-...76
0CD-S-24622 . . . . . . . . . . . . . . . . . ...76
MI L-s-24623 . . . . . . . . . . . . . . . . . ...76
MI L-H-24626 . . . . . . . . . . . . . . . . . ...76
MI L-P-24627 . . . . . . . . . . . . . . . . . ...76
MI L-P-24628 . . . . . . . . . . . . . . . . . ...76
MI L-c-24640 . . . . . . . . . . . . . . . ..66.7 I
MIL-c-24643 . . . . . . . . . . . . . . ...66.71
MI L-s-24725 . . . . . . . . . . . . . . . . . ...76
MI L-A-24726 . . . . . . . . . . . . . . . . . ...76
HIL-R-24~7 . . . . . . . . . . . . . . . . . ...76
MI L- I -24728 . . . . . . . . . . . . . . . . . ...76
MI L-H-24 Z1l . . . . . . . . . . . . . . . . . ...76
MI L-L-24732 . . . . . . . . . . . . . . . . . ...76
MI L-c-24733 . . . . . . . . . . . . . . . . . ...76
IIIIL-F-24734 . . . . . . . . . . . . . . . . . ...76
MI L- T-24735 . . . . . . . . . . . . . . . . . ...76
MI L-M-24736 . . . . . . . . . . . . . . . . . ...76
MI L- R-24737 . . . . . . . . . . . . . . . . . . . .76
MI L-I-24768.................11,26
MI L-N-25027 . . . . . . . . . . . . . . . . . ...12
MI L-u-25038.................66,71

Docunent Guideline

MI L-K-25049 . . . . . . . . . . . . . . . . . . ...28
MI L-A-25463 . . . . . . . . . . . . . . . . . . ...23
MI L- H-25475 . . . . . . . . . . . . . . . . . . . . .49
MI L-P-25518 . . . . . . . . . . . . . . . . . . ...26
MI L-c-27072..................66,71
MI L-u-27265 . . . . . . . . . . . . . . . . . . ...44
MI L-R-27384 . . . . . . . . . . . . . . . . . . ...12
MI L-c-27500..................66,71
MIL-D-28728 . . . . . . . . . . . . . . . . . . ...28
141L-H-28787 . . . . . . . . . . . . . . . . . . . ..n
MI L-D-28803 . . . . . . . . . . . . . . . . . . ...68
NIL-c-28876 . . . . . . . . . . . . . . . . . . ...76
MIL-T-=M . . . . . . . . . . . . . . . . . . ...76
MIL-M-3851O . . . . . . . . . . . . . . . ...64.75
MI L-M-38527 . . . . . . . . . . . . . . . . . . . ..6O
MI L-c-390CW22 . . . . . . . . . . . . . . . . ...2
MI L-c-390CW25 . . . . . . . . . . . . . . . . ...2
MI L-T-43435 . . . . . . . . . . . . . . . . . . ...69
MI L-L-4601 O. . . . . . . . . . . . . . . . . . ...43
MI L-s-46049 . . . . . . . . . . . . . . . . . . ...41
MI L-A-46050 . . . . . . . . . . . . . . . . . . ...23
HIL-I-46058 . . . . . . . . . . . . . . . . . . ...17
MI L-P-46112 . . . . . . . . . . . . . . . . . . ...26
MI L-u-46132 . . . . . . . . . . . . . . . . . . . ..I3
MI L-A-46146 . . . . . . . . . . . . . . . . . . ...23
MI L-s-46163 . . . . . . . . . . . . . . . . . . . ..I2
MI L-P-46843 . . . . . . . . . . . . . . . . . . ...17
MI L- I -46852 . . . . . . . . . . . . . . . . . . ...11
MIL-H-46855 . . . . . . . . . . . . . . . . . . ...62
MI L-A-47089 . . . . . . . . . . . . . . . . . . ...23
MI L-A-47315 . . . . . . . . . . . . . . . . . . ...23
MI L-A-47317 . . . . . . . . . . . . . . . . . . ...23
MI L-A-47318 . . . . . . . . . . . . . . . . . . ...23
MI L-A-48611 . . . . . . . . . . . . . . . . . . ...23
MI L- B-49030 . . . . . . . . . . . . . . . . . . . ..27
MI L- C-49055 . . . . . . . . . . . . . . . . . . . ..66
MI L- F-49291 . . . . . . . . . . . . . . . . . . ...76
MI L- F-49291 . . . . . . . . . . . . . . . . . . ...76
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MI L-c-49292 . . . . . . . . . . . . . . . . . ...76
MI L-B-49430 . . . . . . . . . . . . . . . . . ...27
MI L-B-49436 . . . . . . . . . . . . . . . . . ...27
MI L-C-49055 . . . . . . . . . . . . . . . . . ...66
MI L- I -49456 . . . . . . . . . . . . . . . . . ...11
MI L-B-69458 . . . . . . . . . . . . . . . . . ...27
NIL-B-49461 . . . . . . . . . . . . . . . . . ...27
IIIIL-R-50781 . . . . . . . . . . . . . . . . . ...56
MI L-A-52194 . . . . . . . . . . . . . . . . . ...23
MIL-c:55021 . . . . . . . . . . . . . . ...66.71
MIL-S-55~1 . . . . . . . . . . . . . . . . . ...53
MIL-P-55110 . . . . . . . . . . . . . . . . . ...17
MIL-c-55116 . . . . . . . . . . . . . . . . . . ..1O
MIL-B-55118 . . . . . . . . . . . . . . . . . ...27
MIL-B-55130 . . . . . . . . . . . . . . . . . ...27
MIL-T-55156 . . . . . . . . . . . . . . . . . ...19
MIL-T-55164 . . . . . . . . . . . . . . . . . ...19
MI L-c-55181 . . . . . . . . . . . . . . . . . . ..1O
MIL-B-55252 . . . . . . . . . . . . . . . . . ...27
MIL-o-55310 . . . . . . . . . . . . . . . . . ...38
MI L-A-55339 . . . . . . . . . . . . . . . . . . ..1O
HIL-T-55631 . . . . . . . . . . . . . . . . . ...14
M1L-c-81021 . . . . . . . . . . . . . . . . . ...41
MI L-U-81044 . . . . . . . . . . . . ..20.66 .71
MI L- I -81219 . . . . . . . . . . . . . . . . . ...51
MI L-A-81236 . . . . . . . . . . . . . . . . . ...23
UIL-A-81253 . . . . . . . . . . . . . . . . . ...23
MIL-M-81288 . . . . . . . . . . . . . . . . . ...55
NIL-G-81322 . . . . . . . . . . . . . . . . . ...43
MIL-L-81329 . . . . .. . . . . . . . . . . . ...43
MI L-U-81381 . . . . . . . . . . . . ..20.66 .71
MI L- I -81550 . . . . . . . . . . . . . . . . . ...47
HIL-B-81744 . . . . . . . . . . . . . . . . . . ...6
MI L-s-81746 . . . . . . . . . . . . . . . . . ...56
MI L-B-81757 . . . . . . . . . . . . . . . . . ...27

MI L-I-81765 . . . . . . . . . . . . . . . . . . ...11
MI L-B-91793 . . . . . . . . . . . . . . . . . . . ...6
MIL-u-81822 . . . . . . . . . . . . . . . . . . ...20
MIL-B-81934 . . . . . . . . . . . . . . . . . . . ...6
MI L-B-81936 . . . . . . . . . . . . . . . . . . . ...6
MIL-s-81963 . . . . . . . . . . . . . . . ...56.67
MI L-I-81969 . . . . . . . . . . . . . . . . . . ...76
HIL-A-83377 . . . . . . . . . . . . . . . . . . ...23
HIL-S-83502 . . . . . . . . . . . . . . . . . . ...60
MI L-C-83503 . . . . . . . . . . . . . . . . . . ...10
MI L-R-83516 . . . . . . . . . . . . . . . . . . ...57
HIL-C-83522 . . . . . . . . . . . . . . . . . . ...76
MI L-T-83523 . . . . . . . . . . . . . . . . . . ...76
MI L-M-83524 . . . . . . . . . . . . . . . . . . ...76
MI L-K-83525 . . . . . . . . . . . . . . . . . . ...76
NIL-c-83526 . . . . . . . . . . . . . . . . . . ...76
MI L-c-83532 . . . . . . . . . . . . . . . . . . ...76
MI L-M-83533 . . . . . . . . . . . . . . . . . . ...76
#II L-T-83721 . . . . . . . . . . . . . . . . . . ...14
MIL-T-83727 . . . . . . . . . . . . . . . . . . ...56
MI L-S-83731 . . . . . . . . . . . . . . . . . . ...58
MIL-S-83734 . . . . . . . . . . . . . . . . . . ...60
NIL-B-83769 . . . . . . . . . . . . . . . . . . ...27
MIL-c-85045 . . . . . . . . . . . . . . . . . . ...76
MIL-I-85080 . . . . . . . . . . . . . . . . . . ...11
MI L-E-85082 . . . . . . . . . . . . . . . . . . ...56
MI L-A-87135 . . . . . . . . . . . . . . . . . . ...23
III L-D-87157 . . . . . . . . . . . . . . . . . . ...68

STANDARDS

Federal

FED-sTD-H28 . . . . . . . . . . . . . . . . . . . ..I2
FED- STD-406 . . . . . . . . . . . . . . . . . . ...26
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Mititary

MI L-sTD-12 . . . . . . . . . . . . . . . . . . ...67
MI L-sTD-22 . . . . . . . . . . . . . . . . . . ...13
I! IL-sTD-108 . . . . . . . . . . . . . . ...55.69
MI L-sTD-130 . . . . . . . . . . . . . . . . . ...67
MIL-sTD-155 . . . . . . . . . . . . . ..-....67
MI L-STD-188- 111 . . . . . . . . .. P.... -76
MI L-sTD-lm-124 . . . . ..- . . . . ..-..7~
MI L-STD-195 . . . . . . . . . . . . . . . . . ...67
MIL-sTD-196 . . . . . . . . . . . . . . . ..3~.67
H[L-STD-198 . . . . . . . . . . . . . . . . . . ...2
MIL-STD-199 . . . . . . . . . . . . . . . . . ...33
MIL-STD-200 . . . . . . . . . . . . . . . . . ...29
MI L-sTD-202 . . . . . . . . . . . . . . . . . . ...3
MIL-sTD-205 . . . ..” . . . . . . . . . . . . ...25
MI L-sTD-248 . . . . . . . . . . . . . . . . . ...13
MI L-sTD-255 . . . . . . . . . . . . . . . . . ...25
HIL-sTD-276 . . . . . . . . . . . . . . . . ...-21
MI L-sTD-280 . . . . . . . . . . . ..7.8 .36.67
MI L-STD-411 . . . . . . . . . . . . . . . . . ...67
UIL-STD-415 . . . . . . . . . . ..-... -...32
MI L-sTD-461 ... . . . . . . . . . . . . . . ...61
MIL-sTD-462 . . . . . . . . . . . ..- . . . ...61
MI L-sTD-469 . . . . . . . . . . ..- . . ...--61
UIL-STD-470 . . . . . . . . . . . . . . . . . . . . 54

MIL-STD-471 . . . . . . . . . . . . . . . . . ...54
HIL-sTD-499 . . . . . . . . . . . . . . . . . . ..~
MI L-STD-681 . . . . . . . . . . . . . . . . . ...20
MIL-STD-683 . . . . . . . . . . . . . . . . . ...38
UIL-STD-701 . . . . . . . . . . . . . . . . . ...30
MI L-sTD-704 . . . . . . . . . . . . . . . . ...-25
MI L-STD-71O . . . . . . . . . . . . . . . . . ...56
MI L-STD-721 . . . . . . . . . . . . ..35.36 .54

MI L-sTD-756 . . . . . . . . . . . . ..- . . ...35
MI L-sTD-781 . . . . . . . . . . . . . . . . . ...35
MI L-sTD-783 . . . . . . . . . . . . . . . . . ...67
MI L-sTD-785 . . . . . . . . . . . . . . . ..35. ~
MI L-sTD-1547 . . . . . . . . . . ..7.18 .3O.64
MI L-STD-1546 . . . . . . . . . . . . . . . . . ...22

MI L-STD-790 . . . . . . . . . . . . . . . . . . ...76
MI L-sTD-810 . . . . . . . . . . . . . . . . . . . ...4
MI L-STD-883 . . . . . . . . . . . . . . . . . . 64,75

NIL-sTD-m9 . . . . . . . . . . . . . . . . ..l5.l6
MI L-sTD-965 . . . . . . . . . . . . . . . . . . ...22
MI L-sTD-9n . . . . . . . . . . . . . . . . . . ...72
MIL-STD-975 . . . . . . . . . . . . . . . . . . ...64
MI L-sTD-981 . . . . . . . . . . . . . . ..-....14
MI L-STD-983 . . . . . . . . . . . . . . . . . . ...72
MI L-sTD-1130 . . . . . . . . . . . . ..- . . ...69
MIL-STD-1132 . . . . . . . . . . . . . . . . . ...58

MIL-STD-1189 . . . . . . . . . . . . . . . . . ...67
MIL-STD-1261 . . . . . . . . . . . . . . . . . . . .

UIL-STO-1273 . . . . . . . . . . . . . . . . . ...2
MI L-sTD-1277 . . . . . . . . . . . . . . . . . ...19
HIL-STD-1279 . . . . . . . . . . . . . . . . . ...51
UIL-STO-1285 . . . . . . . . . . . . . . . . . ...67
MI L-sTD-1286 . . . . . . . . . . . . . . . . . ...14
MI L-STD-131O . . . . . . . . . . . . . . . . . . 1,74

MI L-STD-1326 . . . . . . . . . . . . . . . . . . . . 77

NIL-STD-1327 . . . . . . . . . . . . . . . . . . . .
MI L- STD-1328 . . . . . . . . . . . . . . . . . . . . .
MI L-STD-1329 . . . . . . . . . . . . . . . . . . . 53

MI L-sTD-1334 . . . . . . . . . . . . . . . . . . ...6
MI L-STD-1346 . . . . . . . . . . . . . . . . . ...57
MIL-STO-1352 . . . . . . . . . . . . . . . . . ...53
MIL-STD-1353 . . . . . . . . . . . . . . . . . ...10
MI L-STD-1358 . . . . . . . . . . . . . . . . . ...53
MIL-STD-1360 . . . . . . . . . . . . . . . . . . . . 39

MI L-STD-1378 . . . . . . . . . . . . . . . . . . . . 73

MI L-sTD-1388 . . . . . . . . . . . . . . . . . . I,n

MI L-STD-1389 . . . . . . . . . . . . . . . . . . . .

MI L-STD-1395 . . . . . . . . . . . . . . . . . . . . .
MI L-STO-1399 . . . . . . . . . . . . . . . . . . . . 25

MI L-sTD-1451 . . . . . . . . . . . . . . . ...-.56
MI L-sTD-1472 . . . . . . . . . . ..1.36 .5O.62
MI L-STD-1498 . . . . . . . . . . . . . . . . . ...37

MI L-sTD-1516 . . . . . . . . ..- . . ..-....15
MI L-STD-1539 . . . . . . . . . . . . . . . ...8.25
MI L-STD-1542 . . . . . . . . . . . . . . . . . ...74
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MI L-sTD-1562 . . . . . . . . . . . . . . . . . ..M
DOO-STD-1578 . . . . . . . . . . . . . . . . ...27
MI L-STD-1595 . . . . . . . . . . . . . . . . ...13
MI L-sTD-1629 . . . . . . . . . . . . . . . . ...35
MI L-sTD-1636 . . . . . . . . . . . . . . . . ...53
MI L-sTD-1637 . . . . . . . . . . . . . . . . ...53
MI L-sTD-1638 . . . . . . . . . . . . . . . . ...53
MI L-sTD-1639 . . . . . . . . . . . . . . . . ...53
MI L-STD-1640 . . . . . . . . . . . . . . . . ...53
MI L-STD-1646 . . . . . . . . . . . . . . . . ...10
DOD-STD-1678 . . . . . . . . . . . . . . . . ...76
MIL-STD-lW . . . . . . . . . . . . . . ..ti.fi
MIL:STD-1814 . . . . . . . . . . . . . . . . . ..~
MI L-STO-1857 . . . . . . . . . . . . . . . . ...74
Dm-sTD-l= . . . . . . . . . . . . . . . . ...76
MI L-sin-2000 . . . . . . . . . . . . . . . . . ...5
MI L-sTD-2036 . . . . . . . . . . . . . . . . ..m
MI L-STD-2113 . . . . . . . . . . . . . . . . ...53
MI L-STD-2120 . . . . . . . . . . . . . . . . . ..IO
MIL-sTD-2162 . . . . . . . . . . . . . . . . ...53
MI L-sTD-2163 . . . . . . . . . . . . . . . . ...76
MIL-STD-2165 . . . . . . . . . . . . . . . . ...32
IIIIL-STD-2196(SH) . . . . . . . . . . . . ...76
MI L-STD-2175 . . . . . . . . . . . . . . . . ...21
MI L-sTO-2219 . . . . . . . . . . . . . . . . ...13
MI L-STD-11991 . . . . . . . . . . . . . . . ..FW
MS25471 . . . . . . . . . . . . . . . . . . . . . ...71
MS27110 . . . . . . . . . . . . . . . . . . . . . . ..7I
HS2n12 . . . . . . . . . . . . . . . . . . . . . . ..l9
HS33522 . . . . . . . . . . . . . . . . . . . . . . ..I2

. . . . . . . . . . . . . . . . . . . . . . . . . .
kls33540 . . . . . . . . . . . . . . . . . . . . . . . .
MS33557
US33558 . . . . . . . . . . . . . . . . . . . . . ...42

HANDBDOKS

Mi(itary

MI L- HDBK-5 . . . . . . . . . . . . . . . . . . . . .13
MI L- HDBK-179(ER) . . . . . . . . . . . . ...64
MI L-HDBK-216 . . . . . . . . . . . . . ...53.65
MI L-HDBK-217 . . . . . . . . . . . . . ...35.64
MI L-HDBK-218 . . . . . . . . . . . . . . . . ...56
MI L- HOBK-246 . . . . . . . . . . . . . . . . . ..Zi

Docunent Guideline

MI L- HDBK-225 . . . . . . . . . . . . . . . . . ...56
MI L-HDBK-231 . . . . . . . . . . . . . . . . . ...56
MI L-HDBK-251 . . . . . . . . . . . . . . . . . ...52
MI L-HDBK-253 . . . . . . . . . . . . . . . . . ...61
DOD-HDBK-263 . . . . . . . . . . . . . . . . . ...75
MIL-HOBK-278 . . . . . . . . . . . . . . . . . ...76
MI L-HDBK-282 . . . . . . . . . . . . . . . . . ...76
MI L-HDBK-411 . . . . . . . . . . . . . . . . . ...25
MI L-HDBK-415 . . . . . . . . . . . . . . . . . ...76
MI L-HDBK-419 . . . . . . . . . . . . . . . . . ...74
HIL-HOBK-472 . . . . . . . . . . . . . . . . . ...54
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