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Thig standard lg the technical bageline for the design and congtruction ot
electronic equipment for the Department of Defense. It captures in one
document, under suitable subject headinges, fundamental design requirements
for eleven general electronic specifications. The opportunity to focus on a
dingle document, afforded to contractors, results in gubstantial savings to
the Government. This atandard was prepared and is semiannually updated
through the cooperative efforts of Government and industry. The following
Government documents are intimately associated with thia standard:
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MIL-E-5400

MIL-E-81890

DOD-E-8683

MIL-P-11268
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Electronic Equipment, Aerospace, General Specification for

Electronic Equipment, Miszsiles, Boosters and Allied Vehicles,
@General Specification for (Not for New Deaign)

Electronic Equipment, Aerospace, Extended Space Environment,
General Specification for

Parta, Materials, and Processes Used in Electronic Equipment
Eleotronic, Electrical and Electromechanical Equipment,
(Guided Migssile and Assocciated Weapon Systemz, General
Specification for

Fire Control Equipment, Naval Shipboard, @General
Specification for

Test Equipment for Use with Electronie and Electrical
Equipment, General Specification for (Not for New Design)

Test Equipment for Use with Electrical and Electronic
Equipment, General Specification for
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STANDARD GENERAL REQUIREMENTS FOR ELECTRONIC EQUIPMENT

1. SCOPE

1.1 Requirements applicable to electroni¢c equipment. This standard covers
the common requirements to be used in military specifications for electronic

equipment.

1.2 Revision of requirements. Revisions of individual requirementsz are
indicated by a date below the requirement number located at the bottom of
the page. A note, #Superszedes Requirement (no.) {date)”, ig placed in the
lower corner of each revised page, oppoaite the requirement number and date.
When the basic document iz revised, those requirements not affected by
change retain their exizting date.

%1.2.1 Redating. Although individual requirements are reviewed and updated
or validated at least once every twelve months, requirements are not redated
unless technical changes are made.

%1.3. Method of reference. This standard szhall not be invoked on a blanket
bagis. Rather each requirement contained herein shall be referenced in the
individual specification by specifying thie standard and the requirement
number.

1.4 Interrelationship of requirements. Each requirement 1z intended to
cover gome discipline in the design of equipment, such as a procedure, a
procegs or the gelection and application of partz and materials. Many of
these disciplines, however, cannot retain a clear-cut geparation or
jaolation from others so that when requirements of MIL-STD-454 are
referenced in a gpecification zome requirements will undoubtedly have a
direct interrelationship with other requiremente. This interrelationship
should be taken into congideration when invoking or using these
requirements.

2. APPLICABLE DOCUMENTS

2.1 Individual Requirements. See paragraph 2 of each individual
requirement for a lizting of applicable documenta contained therein,
including those for guidance only. Documentaz referenced in the individual
requirements apply to the extent apecified therein.

2.1.1 Applicable igsues. Unleas otherwige apecified, the applicable iszauea
ghall be thoge listed in that issue of the Department of Defenze Index of
Specificationa and Standardz (DODISS) specified in the socliclitation. The
applicable isaue of nongovernment documentz zhall be the izaue gpecitied,
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2.1.2 Copies. Copiea of gspecifications, standards, drawings, and
publicationz required by contractorz in connection with 2pecific procurement
functione should be obtained from the procuring activity or as directed by
the contracting officer.

¥2.1.3 Industry addresses. Addreases for obtaining documents referenced
herein but not obtainable from the Government are as follows:

AGMA Amepican Gear Manufacturerz Association
1800 King Street
Suite 201
Arlington VA 22314

AMS Soclety of Automotive Engineerz (SAE)
400 Commonwealth Drive
Warrendale PA 15006

ANSI American National Standards Inatitute
11 West 42nd Street
New York NY 10036

ASM American Society for Metals
Metala Park OH 44073

ASTM American Society for Testing and Materials
1616 Race Street
Philadelphia PA 19103

AWS American Welding Society
550 N W LeJeune Road
PO Box 351040
Miami FL 33135

EIA Electronic Induatries Association
2001 Pennaylvania Ave, NW
Washington DC 20006

IEEE Inatitute of Electrical and Electronics Engineers
IEEE Service Center
448 Hoes Lane PO Box 1331
Pigcataway, NJ 08885-1331

IPC Inatitute for Interconnecting and Packaging Electronic Circuits
7380 North Lincoln Avenue
Lincolnwood IL 80646-1778
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NAS National Standarda Association
1200 Quince Orchard Boulevard
Gaithersburg MD 20878

NFFPA National Fire Protection Association
Battery March Park
Quincy MA 02269

UL Underwritera Laboratories, Incorporated
333 Ptingeten
Road Northbrook IL 60062-2006

3. DEFINITIONS

3.1 As used In thies atandard, the word "airborne’ denotes thosge
applicationg peculiar to aircratt and missile or other systems designed for
operation primarily within the earth's atmosphere; “space’ denotes
application peculiar to apacecraft and systema designed for operation near
or beyond the upper reaches of the earth’'s atmosphere; and "aerozpace’
includea both airborne and space applications.

3.2 Other terms are defined in the individual Requirements.
4. GENERAL REQUIREMENTS

4.1 Application. The Requirementz contained herein are intended to provide
i

fanm nasmiinamants annlimahla A alantnantin amiitinmant amlanas Athanmisa
AGPM PESQUATENCNNE ApPPalilla0.iC VO S.2CUPONITC SQuUiIPheEny, UNi€38 GLVACTWLIGT

apecified in the Requirement, and shall be incorporated by reference in
general equipment apecificationa. Other documents may reference
Requirements when applicable.

4.2 Use of sgelection and appiication standardz. When a gelection and
application standanrd iz invoked in a Requirement, the devicez or parts
gelected shall contform to the applicable military especifications referenced
in the astandard.

8. DETAIL REQUIREMENTS

8.1 Individual Requirements for electronic aquipment follow.

&. NOTES

6.1 The margina of this standard are marked with asterigks to indicate
where changes (additions, modifications, corrections, deletiong) from the
previous igsue were made. Thig iz done as a convenience only and the
Government assumes no iiability whatsoever for any inaccuracies in these
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notationg. Bidders and contractoras are cautioned to evaluate the
requirements of this document based on the entire content irrespective of

the marginal notationa and relationship to the last previous iesue.

6.2 Subject term (key word) ligting,

Cable selection Nomenclature
Corona protection Parts selection
Encapsulation Printed wiring
Fagteners Safety
Flammability Soldering
Fungus protection Substitutability of parts
Interchangeabllity of parts Thermal degign
Marking Waveguldes
Materials selection Wire gelection
Microelectronicsa Workmanship
Custodiana: Preparing activity:
Army - ER Air Force - 10
Navy - AS
Air Force - 11 Agent:
DLA - ES

Review activitiesm:
Army - AR, AV, CR, ME, MI, PT, TE Project GDRQ-0119
Navy - EC, SH, 0S8
Alr Force - 17, 19, B85, 88

Othe
DL
FA

- E8
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REQUIREMENT 1
SAFETY DESIGN CRITERIA - PERSONNEL HAZARDS

1. Purpose. This requirement establishes safety design criteria and providea
guidelines for personnel protection.

2. Documents applicable to Requirement 1:

MIL-B-5087 Bonding, Electrical, and Lightning Protection, for
Aerogpace Systems

MIL-STD-1310 Shipboard Bonding, Grounding, and Other Techniques for
Electromagnetic Compatibility and Safety Shielding

MIL-STD-1472 Human Engineering Desgign Criteria for Military Systems,
Equipment and Facilities

MIL-HDBK-600 Quidelinez for Identification, Markinge, Labeling, Storage,
and Tranaportation of Radloactive Commodities

ANSI C05.1-1882 Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 300 KHz to 100 GHz

ANSI C85.2-1982 HRadio Frequency Radiation Hazard Warning Symbol

ANST N2.1-1660 Radiation Symbol

ANSI 235.1-1972 Accident Prevention Signg, Specification for

ANSYI 235_2-1968 Accident Prevention Tags, Specification for

ANSI Z35.4-1073 Specification for Informational Signa Complementary to
ANSI Z38.1, Accident Prevention Signs

ANSI Z83.1-1978 Marking Phyeical Hazarda, Safety Color Code for

NFPA 70-1990 National Electrical Code

10 CFR 20 Code of Federal Regulations, Title 10, Chapter I, Part 20

21 CFR 1000-1050 Code of Federal Regulations, Title 21, Chapter I, Parts

1INNA=-T1ARN
LUVWVT LV UY

29 CFR 1010 Code ot Federal Regulations, Title 28, Chapter XVII, Part
1810

3. Definitione

3.1 Chagsig, electrical equipment. The chaszis i a atructural {tem
fabricated in such manner as to facilitate aszemblage and interconnection ot
electrical or electronic items for the aspecific purpose of providing a basis
for electrical or electronic circuita. It normally hasg drilled or atamped
holea to accommodate the items but may include only the items necezsary for
1te own mounting and support.

3.2 Frame. The frame is any construction aystem fitted and united together,
Adagidgnad fan mammmting an snunnanting alantninal Aan alantnania nants Aan initsa
uﬁﬂ‘bllﬁu LR a2 ‘uuu‘l"“.ﬁ A Buryu; u‘.llE CTATLL Ul A4 WA T AW Ui WAL Pu‘ L -1 Wi Wil e UD

3.3 Fail-zatfa. The degign feature of a part, unit or equipment which allows
the item to fail only into a non-hazandouz mode.

REQUIREMENT 1
3 May 1091
1-1
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3.4 Interiock. An interlock is an automatic switch which eliminates all
power from the equipment when an access door, cover or plate is removed.
3.4.1 Bypassable interlock. A bypassable interlock ig an automatic switch
with a manually operated electrical bypass device to allow equipment
maintenance operations on energized equipment.

3.5 DBattleshort. A switch used to bypasz normal interlocks in mission
eritical equipment (i.e., equipment which must not be ghut down or the
miggion function will fail) during battle conditions.

4. Requirements

4.1 Fail-gate. The design and development of all military electronic
equipment shall provide fall-safe features for zafety of pergonnel during
the installation, operation, maintenance, and repair or interchanging of a
complete equipment asgsembly or component parts thereof.

4.2 Bonding in hazardous areas. Electronic equipment to be inztalled in
areag where explosive or fire hazardz exist shall be bonded in aocordance
with MIL-B-5087 for aeroapace systems, MIL-STD-1310 for shipboard systems,
and NFFA 70, Chapter 8, for ground systemz, or as otherwige specified in the

detail equipment specification.

4.3 Temperature. At an ambient temperature of 25°C, the operating
temperature of control panels and operating controls shall not exceed 48°C,
Other exposed parta subject to contact by operating perzonnel ghall not
exceed 60°C,

4.4 Eleotrical. The degign ghall incorporate methods to protect pergonnel
from inadvertent contact with voltages capable of producing shock hazards

4.4.]1 Power. Means shall be provided so that power may be cut off while
inatalling, replacing, or interchanging a complete equipment, assembly, or
part thereoi. Interface with eiectrical power zources shalil be in
accordance with the applicable regulations or requirements. If a main power
awitch is provided, it shall be clearly labeled az such and shall cut off
all power to the complete equipment.

4.4.2 Qround. The design and construction of equipment, excluding
gelf-powered equipment, shall inaure that all external parta, surfaces, and
ghields, exclusive of antenna and tranamission line terminals, are at ground
potential at all times during normal operation. The dezign shall include
congideration of ground currents and voltage limite (posaible arcing)
eztablizhed on a basia of hazardous location. Antenna and tranamission line
terminala shall be at ground potential, except for radio frequency (rf)

energy on their external surfaces.

1-2
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4.4.2.1 Self-powered equipment. Self-powered equipment zhall have all

external surfacee at the same potential.

4.4.2.2 G@Grounding methods. Plugas for uge with metal cased portable tools
and equipment shall have provizions for automatically grounding the metal
irame or case of tools and equipment when the plug iz mated with receptacle,
and the grounding pin shall make first, break last. UGround connectionz to
ghields, hinges, and other mechanical parte ghall not be uaed to complete
electriecal circuita. Any external or interconnecting cable, where a ground
ia part ot the cirouit, shall carry a ground wire in the cable terminated at
both ends in the same manner as the other conductore. 1In no case, except
with coaxial cables, ghall the ghield be depended upon for a
current-carrying ground connection. Static and =safety grounds ghail not be
used to complete electrical circuits. A point on the electrically conductive
chasgis or equipment frame shall zerve ag the common tie point for statice
and safety grounding. The path from the tie point to ground ghall:

a. Be continuous and permanent,

b. Have ample carrying capacity to conduct safeiy any fault currents that
may be imposed upoen it,

c. Have impedance sufficiently low to limit the potential above ground and
to facilitate the operation of the over current devicez in the circults, and

d. Have sufficient mechanical strength of the material to minimize
poaeibility of ground disconnection.

nted panels and doorg, Hinéeg or glidea ahall

ar gli
not be used for grounding paths. Panele and doors containing meters,
awitches, teat pointz, etc, shall be attached or hinged in auch a manner a=s
to insure that they are at the same ground potential as the equipment in
which they are mounted, whether in a closed or open pogition. A ground
shall be considered BBEISI&CI’.DPY if the electrical connection between the
door or panel and the system tie point exhibite a reaistance of 0.1 ohm or
leas and has sufficient ampacity to insure the reliable and immediate

tripping of equipment over-current protection devices.

r £

4.4.2.3 Hinged

4.4.2. 4 Shielding. Except where a conflict with single-point ghield
grounding requirements would be created, shielding on wire or cable shall be
grounded to the chassis or frame. The shielding shall be secured to prevent
it from contacting exposed current-carrying parts or grounding to the
chagaie or frame at any point other than the ground termination. The

shlelding ashall end at a aufficient diastance from expoaed conductora to
prevent shorting or arcing between the conductor and the shielding.

1-3
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4.4.3 Accidental contact. The degign zhall incorporate methodz to protect
pergonnel from accidental contact with voltages in excess of 30 volts rmg or
deo during normal operation of a complete equipment.

4.4.3.1 Q@Guarde and barrierg. All contacts, terminale and like devices
having voltages between 70 and 500 volts rms or dc with respect to ground
ahall be guarded from accidental contact by personnel 1f guch points are
expoged to contact during direct support or operator maintenance. Guards or
barriers may be provided with test probe holes where maintenance teating is
required.

4.4.3.2 High voltage guarding. Assemblies operating at potentials in
excess of 500 volte zhall be completely enclosed from the remainder of the
asgembly and equipped with nonbypaasable interlocks.

4.4.3.3 Voltage measurement. When the operation or maintenance of
equipment employing potentials in excezs of 300 volts peak could require
that these voltages be measured, the equipment shall be provided with teat
pointe 2o that thege voltages can be measured at a relatively low potential
level. In no cage shall the potential exceed 300 volts peak relative to
ground. Teat points with voltages above 30 volte ahall have the conducting
material recesged a distance no less than the diameter of the probe hole and
a minimum of 1.5 mm. If a voltage divider is used, the voltage divider
registance between the test point and ground shall consist of at least twe
razistore of aqual value in parallel.

4.4.3.4 QGuarding of rf voltages. Tranamitter output terminals, antennasg and
other devicea that carry sufficient rf voltage to burn or injure personnel
shall be protected from accidental contact in the same manner as for ac
voltages in the 70 to 500 volt range.

4.4.3.8 Main power gwitch. The power input aide of :the main power awitch
and the incoming power line connectionas shall be given physical protection
againat accidental contact.

4.4.4 Protective devices

4.4.4.1 Interlocks. When a unit is provided with access doora, covers or
plates, these accesz pointz shall be interlocked as follows:

a. No interlockz are required when all potentiales in excess otf 70 volts are

completely protected with guarde or barriers to prevent accidental contact
under all conditions of operation or any level of maintenance.

1-4
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b. Bypassable interlocks are required when voltages between 70 and 500 volts
are exposed as the result of an access door, cover, or plate being opened.
Note that these internal voltageg are allowed to be unguarded only if they
are not exposed during direct support or operator maintenance. The bypasse
device zhall be of such desgign that closing the associated door, cover or
plate will automatically open the bypass device and leave the interlock in
poeition to function normally. Vigual meane shall be provided to indicate
when the interlock iz bypaased.

c. Nonbypaazsable interlocks are required when any voltage in excess of 500
volts ia expoaed as a result of an access door, cover or plate being opened.

4.4.4.2 Battle ghort indicator. When a battle ghort switch is required by
the individual equipment specification, a readily visible indicator light
shall be provided to indicate when the battle short switech iz ON.

4.4.4.3 BSafety awitches. Safety switches which will deactivate assocciated
mechanical drive unite shall be provided for the purpoge of disconnecting
theae units without disconnecting other parts of the equipment. Such
remotely located units and assemblies shall have provision for
nonoverrideable safety switchez to allow independent disconnection in the
aggociated equipment.

4.4.5 Discharging devices

4.4.85. 1 Automatic discharge devicea. High voltage circuite and capacitors
shall be provided with diascharging devices unlesa they diacharge to 30 volte
or lega within two seconds after power removal. The particular discharging
device that 1a chosen ghall insure that the capacitor or high voltage
eircult ie diacharged to 30 volte or lege within two zecondz. These
protective devices shall be poaitive acting, highly reliable, and ghall
actuate automatically either by mechanical release or by electrical zolenoid
when the door or cover is opened. When resistive bleeder networka are used
to discharge capacitora, the bleeder network shall consist of at least two
equal valued resistorsz in parallel.

4.4.5.2 BShorting rods. Shorting rods shall be provided with all
tranamitting equipment where voltages are in exceas of 70 volts rms or de.
Where size permite, shorting rods shall be stored within the trangmitting
equipment, permanently attached, and readily accessible to maintenance
perzonnel. The permanently attached rod shall be connected through a
flexible stranded copper wire (covered with a trangparent sleeving) to the
dtud provided at the transmitter main frame. Where gize does not permit
internal storage of the shorting rod, a grounding stud shall be provided to
permit attachment of a portable ghorting rod. The connection to the gtud
shall be auch that accidental loosening or high resistance to the ground i=
prevented.

1-5
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4.4.6 Connectors. Connectors used in multiple electric circuits shall be
gelected to preclude miemating. Where design considerationa require plug and
raceptacles of similar configuration in close proximity, the mating plugs
and receptacles shall be suitably coded or marked to clearly indicate the
mating connectors. Pluge and receptaclea shall not be of gimilar
configuration if the major unit contains explosive items. The dezign of the
connector shall be such that the operator is not exposed to electrical shock
or burng when normal disconnect methods are used. Exposed pin contacts shall
not be energized (hot) after being disconnected from the socket contacts.

4.5 Radiation. The design of all equipment for which a federal standard
exista under 21 CFR 1000 - 1050, on the Radiation Contrcl for Health and
Safety Act of 1968, shall conform to the appropriate federal standard.

4,51 Microwave and rf radiation. All electronic equipment or electrical
deviceas capable of emitting microwave or r! radiation between 300 KHz and
100 GHz shall be =20 designed, fabricated, ghielded and operated az to avoid
overexposure of personnel. In areas where unintended radiation levels exist,
equipment design and inatallation in any unrestricted area accegzible to
pergonnel shall meet the requirements of ANSI C88.1. Shields, coverz, doore,
etc, which when opened or removed will allow microwave and rf radiation to
exceed the above, shall be provided with nonbypasgable interlocks.

4.5.2 X radiation. All electronic or electrical devices capable of
producing ¥ radiation shall be 2o deaigned, fabricated, shielded and
operated aa to keep personnel exposure ag low as reasonably achievable. For
equipment and installation design, shielding requirements shall be
maintained at all timea which limit radiation levels to not greater than 2
milliroentgens (mr) in any one hour and 100 mr in any 7 consecutive days at
the operator pogition or within Scm from the equipment (whichever is closer)
in any unrestricted area accesaible to personnel. In addition, theze levels
shall be reduced whenever necessary to ensure that exposed perszonnel never
recejve an absorbed doze to the whole body or any critical organ in excess
of 125 millirem per calendar quarter or 500 millirem per year. Other
expogure shall be based on application criteria and limite as required by

- Nueclear Regulatory Commigaion Ruleg and Regulationa, 10 CFR 20; OSHA
Regulations, 28 CFR 1910.968; and FDA Regulation, 21 CFR, Chapter I,
Subchapter J, Radiological Health. Equipment which, when shields, covers,
doors, ete, are removed, will allow X radiation to exceed 2.0 mr per hour
ghall be provided with nonbypassable interlocks.

4.85.3 Laser radiation. Laser equipment and aystem design, installation, and
operational and maintenance procedures shall conform to 21 CFR 1040. It
Title 21 cannot be met because of operational requirementa, an exemption
ehall be requested from the procuring activity and applicable military laser
gafety regulationa shall be used a2 a dezign requirement.

1-6
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4.6 Mechanical. The degign of the equipment shall provide perasonnel maximum
access and gafety while installing, operating, and maintaining the
equipment. Equipment dezign shall include provisions to prevent accidental
pulling out of drawers or rack mounted equipment components. Suitable
protection shall be provided to prevent contact with moving mechanical parts
guch ag gears, fanz, and belts when the equipment 18 complete and operating.
Sharp projections on cabinets, doorg, and similar parts shall be avoided.
Doora or hinged coverg shall be rounded at the corners and provided with
stope to hold them open.

4.6.1 Mechanical interconnection. The degign shall provide positive means
to prevent the inadvertent reversing or mismating of fittings; couplings;
fuel, oil, hydraulic, and pneumatic linea; and mechanical linkage. When
prevention of mismating by deazign consideration i2 not feasible, coding or
marking shall be employed when approved by the procuring asctivity. Coding
and marking will not be approved as a z2ubastitute for proper design or items
involving exploaive, emergency, or safety critical gygtems.

4.6.2 Power switch location. Equipment power switches ahall be g0 gelected
and located that accidental contact by personnel will not place equipment in
operation.

4.6.3 Cathode ray tubezs. Proviasion ghall be incorporated to protect
peraonnel from injury due to implosion of cathode ray tubes.

4.7 Equipment safety markings. Danger, caution, etc, 2igns, labels and
markingas shall be used to warn of specific hazards such as voltage, current,
thermal, or phygical. The msigns, labela, and markings shall be aa permanent
as the normal life expectancy of the equipment on which they are affixed.
(Guards, barriers, and access doors, covers or plates shall be marked to
indicate the hazard which may be be present upon removal of such devices.
When posggible, marking shall be located such that it iz not removed when the
barrier or acceass door is removed. Additionally, hazarde internal to a unit
shall be marked adjacent to hazards if they are significantly different from
thosze of surrounding items. Such a casge would be a high voltage terminal in
a group of low voltage devices.

a. Physical hazards shall be marked with color codes in accordance with ANSI
Z83.1 where applicable to electronic equipment.

b. For potentials between 70 and 500 volta, warning aigns or labela shall be

in accordance with ANSI 235.1, Class II, and ANSI Z35.4, and shall read, as
a minimum, °“Caution - (Ingert maximum voltage applicable} Volts."®

1-7
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c. For potentials in excess of 500 volts, warning #igns or labels shall be
in accordance with ANSI 235.1, Clazss I and ANSI Z35.4, and shall read, as a
minimum, "Danger - High Voltage - (Ingert maximum voltage applicable)
Volts."

d. Microwave or rf radiation warning =2igns shall be in accordance with ANSI
235.1 and ANSI C95.2. Labels ghall be provided on all radiation shields to
warn personnel of the radiation hazards involved upon removal thereof. Any
item which can emit radiation levels in exceas of those specified in
paragraph 4.5.1 ghall be labeled. Minimum safe clearance distances ahall be
clearly marked. Warning aigns ahall be posted In all areas having electronic
equipment designed to operate between 300 KHz and 100 GHz with intended
electromagnetic radiation levels exceeding thosgse in paragraph 4.5.1.

e. (1) Lager labels ghall be in accordance with 21 CFR 1040.

(2} Military exempt laser labels: A permanent label ghall be affixed on
all military laser gystemsz that have been certified exempt from 21 CFR 1040
{Performance Standards for Light-Emitting Products), which reads:

CAUTION

This electronic produclt has been exempied from FDA radifation safely
performance sitandarda, prescribed in the Code of Federal Regulations,
Title 21, Chapter I, Subchapter J, purauant to Exemption No. 76 EL-0l
DOD issued on 26 July 1976. This product ghould not be used without
adequate protective devicea or procedures.

?. Shielde which protect personnel from X radiation ghall be labeled in
accordance with 10 CFR 20.

g. Coding for accident prevention tags shall be in accordance with ANSI
235.2.

h. The marking or labeling of commodities containing radicactive materials
ghall be in accordance with 10 CFR 20.

i. Ionizing radiation hazard symbola shall be in accordance with ANSI N2.1.
4.8 Hazardous and restricted materials
4.8.1 Qages or fumee. The materials, as installed in the equipment and

under service conditiona apecified in the equipment apecification, shall not
liberate gases which combine with the atmosphere to form an acid or

corroeive alkali, nor shall they liberate toxic or corrczive fumea which
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would be detrimental to the performance of the equipment or health of

pergonnel. The m#terials élsa shall not lxbe;ate gaged which will produce an
explogive atmosphere. ’

4.8.2 Mercury. Materials and parts containing mercury shall not be used
uniess use of mercury is specifiicaily required or approved by the procuring
activity.

4.8.3 Radioactive materialg. Use of radioactive materialsa shall conform to
Nuclear Regulatory Commission regulations and shall require approval of the
procuring activity. Radium shall not be used to achieve self-luminoaity.

4.8.4 G@Glags fibers. Glasg fiber materials ghall not be used ag the outer
gurface or covering on cableg, wire or other items where they may cause sgkin
irritation to operating personnel. Thia doez not preclude the uge of
military apecification wire and cable. When maintenance procedures require
acoess to glages fibersg, such ag insulation, a proper caution note shall be
provided.

8. Information for guidance only

8.1 Human engineering. Human engineering factore affecting safety shouid be
congidered when egtablishing general or detailed desgign criteria. Rigorous
detailed operational or maintenance procedureg are not acceptable
gubgtitutes for an inherently safe design. Hazard and safety requirementg of
MIL-8TD-1472 szhould be used ag a guide.

5.2 Eleatrical. Proper instructione in acecident prevention and firat-aid
nnnnn Avimam mhasld ha Ldesanwm T wmmen oo el Bmd o Y mmded rame an
piruvccuul’'cn oguluuiliu wvE gaived llU ﬂ]-.l- peiaolngs EIIBBEBU il eiedcurm lLﬂ.L wur l bu

fully inform them of the hazarda involved.

5.2.1 Shook hazards. Current pather than voltage ig the most important
variable in establizhing the criterion for shook intensity. Three factorz
that determine the severity of electrical shock are: (1} quantity of
current flowing through the body; (2) path of current through the body: and
(3) duration of time that the current flows through the body. The voltage
neceggary to produce the fatal current is dependent upon the resgigtance of
the body, contact conditions, and the path through the body. See table 1-I.
Sufficlent current passing through any part of the body will cause severe
burng and hemorrhages. However, relatively small currentz can be lethal 1if
the path includea a vital part of the body, such as the heart or lungs.

Electrical burns are usually of two types, those produced by heat of the arec
which ocourz when the body touches a high-voltage cipcuit, and those caumed

=a Rl war Il LAl ==L vWaUaE ailal

by passage of electrical current through the skin and tisaue. While current
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ig the primary factor which determinesa shock geverity, protection
requirements are bagsed upon the voltage inveolved to simplify their
application. In cases where the maximum current which can flow from a point
ig legss than the valuesa shown in table 1-I for reflex action, protection
requirements may be relaxed.

TABLE 1-I. Probable effects of shock.

Current Values (Milliamperaes)
Effects
AC DC
25 Hz to 400 Hz
0-1 0-4 Perception
1-4 4-15% Surprise
4~-21 15-80 Reflex action
21-40 80-160 Mugcular inhibition
40-100 160-300 Regpiratory block
Over 100 - Over 300 Ugually fatal

5.2.2 Ingulation of controls. All control shafte and bushings thereot
ghould be grounded whenever practicable. Alternatively, the control knobs or
levers and all attachment screws that can be contacted during use should be
electrically insulated from the shaft.

5.2.3 Qrounding to chassis. OGround connection to an electrically conductive
chagsie or frame should be mechanically secured by soldering to a spotwelded
terminal lug or to a portion of the chassgis or frame that has been formed
into a soldering lug, or by use of a terminal on the ground wire and then
gecuring the terminal by a secrew, nut, and lockwasher. The =crew ghould fit
in a tapped hole in the chasaiz or frame or it should be held in a
through-hole by a nut. When the chassis or frame 18 made of steel, the metal
around the screw hole zhould be plated or tinned to provide a corrosion
regiastant connection. When aluminum alloya are used, the metal around the
grounding screw or bolt hole may be covered with a corroaion resistant
gurface film only 1! the resistance through the film ia not more than 0.002
ohm. Hardware uzed for mounting of meters, awitches, teat pointa, ete,
ghould be grounded, whenever posaible.

1-10
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§.2.4.1 High current protection. Power sources capable of supplying high
current can be hazardous regardless of the voltage at which they operate
becaude of the arcing and heat generated if an accidental short circuit
cceoursg. All power buses supplying 25 amperes or over should be protected
againat accidental short circuiting by tools, jewelry or removable conductive

aggemblies. This may be accomplished by one or more of the following:

a. Use of guarda and barrlersz,

b. Sufficient #pace zeparation to prevent short circuits,

e. Caution - warning signe.

5.2.4.2 Interlocks. Various equipment dezigns require different approaches
to the use of interlocks. Interlock uge does not modify any other
requirements of this standard and must be consiztent with equipment or system
gpecificationz. Equipment sub-assemblies operating in exceaa of 500 volts
ghould be considered guarded from accidental contact only it they are
completely encloased from the remainder of the equipment and are separately
protected by nonbypassable interlocks. {An example of an equipment where ‘such
compartmentalization iz desirable g a display unit which utilizes a high
voltage power supply for a cathode ray tube.) Modularized or sealed high
voltage assemblies which are opened only at depot level are exempt from
interlocking requirements when approved by the procuring activity.
terminationg. Termina h as

to transtormers connectors, gplices, ete, which are normally permanent and
not used during routine maintenance testing, may be protected by permanent
ingulation suech ag shrink aleeving, tubing, inaulating shields, etc, provided
the material is rated for the potential exposed voltage.

atinng annh oo onldAamnad pannaontinans
LisnEe BUl a geo.geraelf CconnecLiins

5.3 Mechanical. Design of rack-mounted equipment should maintain the center
of gravity as low as poagible to minimize tipping over.

5.4 Marking. MIL-HDBK-600 references known electronic items which require
marking and may be used ag a guide.

5.5 Materiala. Certain chemicals have been jidentified in the Occupational

Safety and Health Act (0OSHA) aa cancer-producing substances (carcinocgens).
Before uzing any materials which might contain these chemicals, they sghould

be evaluated in accordance with 25 CFR 1810.

1-11


http://www.abbottaerospace.com/technical-library

MIT~STD-454N

s1qerieae oq Aew voride auo uwqy adog

‘gjuamadinbad do] qdeaduaed apqeoyrdde seg

aanBofaud ja1duod Ardug
0} BY 343y JUIUY Y} 4nQ ‘93104 O0% w0leq suoyjenajydde yoojdsjuy ajqeseediquou asn Aww puFTsag /¥

*1-1 #1Q9v3 Y3§A @DUPPJOID® U] Bpaezey Ijqioscd
40} pomaTAad 9q PIACYR BUFTEIP 'BI[0A §L-) FUIITAdeS J0] 481w syusmadinbes oyjioads ou gPnogiry /T

*gjuawaanbas ujeap uo

‘priEaTpu safued afeyfoa oy sfuypeeq jo uoyyeofrdde agy eupjuop /%

‘£140 s0uadejad d0F BY A[qVY /1

I X X X X - 23104 006G¢
) { X X H )4 BY704 00Y - 0L ¢
X X 83107 0L - 0F ¢
I} 81008 -0
TS°YH | (TS | CI'YYY | QUFYED | L' (9L°¥) {I'v'¥y | (T7C°FD I
spog | or1jemosny | ayqesseddq | erqesseddg AN Y] giatddeq | awoy|
Buyydoysg /¥ -uog Jafueg | uopyne) | sadngojouy - pue
. spdeny
200145 e84eqogIqg 8Ya0Taqu] . Suryuaey ;
afred ojeriop

f7 uworjdeyoud jo adiy

-

/1 ~HaEEeeu 8AT309704d STGEANS - “I1-] %TAVE

1-12


http://www.abbottaerospace.com/technical-library

MIL-STD-454N
REQUIREMENT 2
CAPACITORS

1. Purpoge. Thiz requirement eztablizhes criteria for the selection and
application of capacitors.

2. Documents applicable to Requirement 2:

MIL-C-39006/22 Capacitora, Fixed, Electrolytic (Nonsolid Electrolyte),
Tantalum, {(Polarized, Sintered Slug}, 88 C (Voltage Derated
to 128 C)}, Established Reliability, Style CLR78

MIL-C-38006/25 Capacitors, Fixed, Electrolytic (Nonzolid Electrolyte),
Tantalum, (Polarized, Sintered Slug) (Extended Range), 85 C
(Voltage Derated to 1285 C), Eztabliahed Reliability, Style
CLR81

MIL-STD-188 Capacitorg, Selection and Usze of

3. Definitionz. Not applicable.

4. Requirements

4.1 Selection. Capacitors shall be selected and applied in accordance with
MILSTD-168.

4.2 Fixed, tantalum electrolytic. For Naval Air Syatems Command, the use
of wet glug tantalum capacitors (except tantalum cased unite in accordance
with MIL-C38006/22 and MIL-C-38006/25) requires the approval of the

procuring activity, and gllver cased tantalum capacitors shall not be used.

5.  Information for guidance only. Not applicable.

REQUIREMENT 2
20 SBeptember 1888
2-1
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REQUIREMENT 3
FLAMMABILITY

8 requirement establishea criteria for the selection and
materials with respect to flammability.

reguyech LU li8li8oilile

Rate of Burning and/or Extent and Time of Burning of

Flexible Plastics in a Vertical Pogsition, Teat Method for

ASTM D635-81 Rate of Burning and/or Extent and Time of Burning of
Self-Supporting Plasticz in a Horizontal Position, Test
Method for

ASTM D1000-82 Pressure-Sengitive Adhesive Coated Tapes Used for
Electrical Ingulation, Methods of Testing

UL 94-80 Standard for Tests for Flammability of Plastic Materials

for Parts in Devicea and Appliances

02 Test Methoda for Electronic and Electrical Component Parts
7

3. Definition, Flammability is a complex characteristic which combines ease
of ignition, surface flammability, heat contribution, amoke production, fire
gasses, and fire endurance. Flammability iz a function of chemical
compoaition, physical configuration, temperature, avallability of oxygen,

memd smantomdonmdbts s = AL

anada retlaraanvg Or a4daiuives.

4. Requirements. Materials used in military equipment shall, in the end item
configuration, be noncombustible or fire retardant in the mogt hazardous
conditione of atmoephere, pressure, and temperature to be expected in the
application. Fire retardant additives may be used provided they do not
adversgely affect the specified performance requirements of the baric
materials. Fire retardance ghall not be achieved by use of nonpermanent
additives to the bazic material.

5. Information for guidance only. The teat uged to determine the
tlammability of material should be the test specified in the material
specification. Since some materials may change etate or characterigstics
relative to flammability during application, tests may be performed on the
end item materials mixed/blended/saturated/impregnated/layered and processed
to gimulate the final contiguration in the end equipment ugage.

8.1 1If the specification does not have auch a test, teating should be in
accordance with ASTM DS68, ASTM D638, ASTM D1000, or MIL-STD-202, Method
111, as applicable.

REQUIREMENT 3

10 September 19087
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5.2 Materials not covered by the above teste should be tested in accordance
with a procedure approved by the procuring activity. UL 984 1a a useful
guide to develop test methode and offers a comparative sgcale to define
degree of flammability.
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REQUIREMENT 4
FUNGUS-INERT MATERIALS

1. Purpose. This requirement identifieas those materiales which are
acceptable nonnutrients of fungus and establishes conditions under which
i

- T == =

ungus nutrient materials are acceptable.

2. Documents applicable to Requirement 4:

MIL-T-152 Treatment, Moisture and Fungus Resistant, of
Communications, Electronic, and Associated Electrical
Equipment

MIL-V-173 Varnish, Mocisture and Fungus Reaiztant (For Treatment of
Communications, Electronic, and Associated Equipment)

MIL-STD-810 Environmental Test Methods and Engineering Guidelines

20 CFR 1910 Code of Federal Regulations, Title 28, Chapter XVII, Part
1810

3. Definitiona

3.1 Fungus-inert materjal. A material which, in all modified states and
grades, is not a nutrient to fungl.

3.2 Fungicide. A substance that destroys or inhibits the growth of fungl.

4. Requirementsg

4.1 Preferred materiala. Fungus-inert materiale liated in Group I of table
4-1 are preferred for use. These materiale need not be tested for fungus
registance prior to usge. The appearance of a particular material in table

4-1 doeg not constitute approval for its use except from the viewpoint ot
the resistance of the material to fungil.

4.2 Accepiable materiais. Those materials listed in Group II of table 4-I
may be used, provided it has been demonstrated that they meet the
requirements of paragraph 4.4. When materials are compounded with a
permanently effective fungicide in order to meet the fungus test
requirement, there shall be no loss of the original electronic or physical
propertiez required by the basic material specification. Fungicides
containing mercury shall not be used.

4.3 Hermetically s
uged untreated wit

4.4 Fungug tegting. Group II materials shall be subjected to the fungus
teat specified in MIL-STDH-810, Method 508, for a period of 28 days.
Certification by a qualified laboratory or by the material producer, basged

REQUIREMENT 4
4-1 30 June 1988
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on test data on record that the material
reguiremente of tabhle §508- T Mathnd Rﬂﬂ
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evidence of acceptability.

TABLE 4-1.

454N

de

ini
- .

meets2 Grade 0 or Gr
MIL-STD-810, isg f

a 1
wlL ficient

su

Fungi suaceptibility of materials.

Group I - Fungus-inert materials

(Fungug-inert in all modified states and grades)

Acrylics 1/

Acrylonitrile-styrene

Acrylonitrile-vinyl-chloride
copolymer

Agbestos

Ceramics

Chlorinated polyester

Fluorinated ethylenepropylene copolymer
(FEP)

Glass

Metals

Mica

Plagtic laminates:
Silicone-glass fiber
Phenclic-nylon fiber

Diallyl phthalate

Polyacrylonltrxle

Polyamide
Polycarbonate

Polyester-glasg fiber laminates

Dalunthulana hidh doanadituw
Fuilyclyigis, u;eu uvun;v;

{above 0.940)
Polyethylene terephthalate
Polyimide
Polymonochlorotrifluorocethylene
Polypropylene
Polygtyrene
Polysulfone
Polytetrafluoroethylene
Polyvinylidene chloride
Silicone resin
Siloxane-polyoclefin polymer
Siloxane pelystyrene

Group II - Fungug nutr

ient materials

{May require treatment to attain fungus resistance)

ABS (acrylonitrile-butadiene-styrene)
Acetal resginsg

Calluloge acetate

Celluloge acetate butyrate
Epoxy-glags fiber laminates
Epoxy-resgin

Lubricants

Melamine-formaldehyde

Nndanin nalvanlnhidag
Wl aﬂll‘-‘- PU&’GULFIILUGB

Phenol-formaldehyde
Polydichlorostyrene

Polyethylene, low and medium
dengity {0.940 and below)

Polymethyl methacrylate

Polyurethane (the ester types
are particularly susceptible)

Polyricinoleates

Polyvinyl chloride

Polyvinyl chloride-acetate

Palumrinuyl flunnida
FOLYVINYy: 1.U0VI0T

Rubbers, natural and synthetic
Urea-formaldehyda

4-2
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1/ Literature shows that under certain conditions polyamides may be
attacked by z2elective micro-organisms. However, for militapy applications,
they are considered Group I.

5. Information for guidance only

5.1 Procegs-related materials. Procesaing materiale to be teated for
fungus registance in accordance with paragraph 4.4, such aa paint, ink,
coatings, adhesives, lubricante, viscous damping fluids, =ilicone grease,
ete, should be prepared in the form of 50 mm squareas or circles no more
than 1.6 mm thick for teating. Liquid or paste materials should be
prepared by impregnating to saturation a sterile mample of glass fabric.

5.2 Parts treatment. When treatment of parts ia required to form
funguz-registant materiale, a moimsture and fungus proofing (MFFP) varnish
conforming to MIL-V-173 may be applied in accordance with MIL-T-1852 after
the part iz cleaned. The MFP varnieh should not be applied to any part
where the treatment will interfere with performance.

5.3 Carcinogens. Certain chemicals have been ldentified in the
Ocoupational Safety and Health Act {0SHA) as cancer-producing gubstances
{carcinogens). Before using any materials which might contain these
chemicala, they should be evaluated in accordance with 29 CFR 1610.
Conzideration of the toxicity of a substance should be given prior to
material selection.

4-3
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REQUIREMENT 5
SOLDERING

1. Purpose. Thig requirement establighes the basis for soldering of
electrical and electronic equipment.

2. Document applicable to Requirement 5:

MIL-STD-2000 Standard Requirements for Soldered Electrical and
Electronic Aszemblies

DOD-STD-1866 Soldering Procesgs, General (Non-Electrical) (Metric)

3. Definitiong, Not applicable.

4. Requirements

4.1 QGeneral. Electrical and Electronic equipment shall be assembled,
goldered, and cleaned in accordance with the requirementas of MIL-STD-2000.

4.2 Structural Soldering. Non-Eleectrical soldered cennectiona shall be in
accordance with the requirementa of DOD-STD-1866.

4.3 Workmanship. Workmanship of soldered azsemblies &#hall be in accordance
with MIL-STD-2000 or DOD-STD-1866 as appropriate.

Information for guidance only.

5.1 Application. MIL-STD-2000 expresses the minimum requirements
appropriate to the manufacture of electrical and electronic equipment. It
may be necessary to supplement the requiremente of MIL-STD-2000 in order to
achieve higher reliability requirements associated with eritical equipment
applications (space, nuclear ordnance, command/control, ete.).

REQUIREMENT 8
30 October 16861
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REQUIREMENT 6
BEARINGS

1. Purpoge. Thig requirement esgtablishes criteria for the gelection and
application ¢f bearings.

2. Documents applicable toc Requirement 6:

FF-B-17 Bearings, Ball, Annular (General Purpose)

FF-B-18% Bearings, Rnllgp, Cyvlindrical: and Bearings, BRoller,6 Self-
Aligning

FF-B-187 Bearing, Roller, Tapered

FF-B-188 Bearings, Sleeve, (Bronze, Plain or Flanged)

MIL-B-3980 Bearing, Roller, Needle, Airframe, Anti-Frietion, Inch

MIL-B-568%7 Bearing, Sleeve, Wasghers, Thrust, Sintered, Metal Powder

01l Impregnated, General Specification for

MIL-B-B8942 Bearings, Plain, TFE Lined, Self-Aligning

MIL-B-80843 Bearings, Journal-Plain and Flanged, TFE Lined

MIL-B-8948 Bearing, Plain Rod End, TFE Lined, Self-Aligning

MIL-B-13508 Bearing, Sleeve (Steel Backed)

MIL-B-17380 Bearing, Roller, Thrust

MIL-B-81744 Barrier Coating Solution, Lubricant Migration Deterring

MIL-B-81793 Bearing, Ball, Annular, for Instruments and Precisgsion
Rotating Compenents

MIL-B-81934 Bearing, Sleeve, Plain and Flanged, Self-Lubpricating

MIL-B-819036 Bearing, Plain, Self-Aligning (BeCu, CRES Race)

MIL-STD-1334

Procegs for Barrier Coating of Anti-Friction Bearings

3. Definitiona. Not applicable.

4. Requirements

4.1 Selection and application. Bearinge best suited to meet the physical,
functional, environmental and aservice life requirements of the application
shall be selected from those conforming to one or more of the gpecifications
ligsted below. Replacement of the bearing shall be possible without use of

upnninl toolg unlsgg auoh pnnlriqinpn wonld advepgslv affeot tha nranan

TLAttse Uwwao PR —F-F-J-3 LA - T Tt - S Vs ey e s ww F e,

functioning or gervice life of the bearing.

FF-B-171 MIL-B-5687 MIL-B-17380

"FF-B-185 MIL-B-8642 MIL-B-81703
FF-B-18% MIL-B-8543 MIL-B-8i834
FF-B-168 MIL-B-8848 MIL-B-81836
MIL-B-3990 MIL-B-13506

REQUIREMENT 6
30 June 19089
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4.2 Lubricant. Adequate lubricant shall be provided either within the
bearing or externally in the form of o0il reservoirs or grease relubrication
facilitiea except as noted in 4.3. Where lubricant replenizhment i=a
required, precaution shall be taken to prevent purged or loat lubricant from
entering and adversely affecting the operation of the electronic equipment.
Where bearings coated with preservative are installed in closed housings,
the preservatives zhall be compatible with the lubricant used in the
azgembly.

4.3 Inlubricated bearings. Unlubricated bearings or bushings may be used
only in applications where the presence of a lubricant would be undesirable
or detrimental and the functional, environmental and service life
requirements can be met in this condition.

4.4 Barrier coating. Bearings requiring a barrier coating ghall be coated
in accordance with MIL-STD-1334. Barrier coating material shall conform to

MIL-B-81744.

4.8 Seals and shields. All rolling element bearings shall be adequately
protected by seals or shields on the bearing or installed in housings which
provide adequate ghielding to prevent foreign matter from entering the
bearing.

4.6 Electrical grounding. Ball and roller bearings used for rotating an
electrically energized equipment ghall be electrically shunted to avoid
current flow through the bearingsa.

4.7. Alignment. Bearings shall be located to engure proper shaft alignment
and support.

5. Information for guidance only

5.1 Selft-lubricating bearinga. Permanently lubricated bearings or
buzhings of plastic, metallic-plastic combinations, or all metallic
materials with or without dry film lubricante may be uaed provided wear
producta produced during operation will not cause or contribute to failure
of the electronic equipment or bearings.

5.2 Unlubricated bearings. For gseleption of low friction, long life,
unlubricated bearings refer to MIL-RB-8042, MIL-B-80843, and MIL-B-B048.
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REQUIREMENT 7
INTERCHANGEABILITY

1. Purpose. This requirement establishes design criteria to azsure the
interchangeability of parts, subassemblies, and assemblies.

2. Documents applicable to Requirement 7:

MIL-8TD-280 Definitions of Items Levels, Item Exchangeability, Models,
and Related Terms

MIL-STD-154% Electronic Parta, Materials, and Procegseges for Space and
Launch Vehicles

3. Definitions.

3.1 Assembly, interchangeable item, part, subassembly and substitute item.
The terms aszsembly, interchangeable item, part, aubassembly and substitute

item are defined in MIL-STD-280.

3.2 Standard parts. For Air Force apace and launch vehicles, standard
parts are as degcribed in MIL-8TD-1547. For all other equipmentg, sgtandard
parts are defined in the applicable general specification or contract.

4. Requirements

4.1 Design tolerancesg. Degign tolerances ghall permit partsz, sub-
assemblies and agsembliez to be used in thelr parent aszembliesz without
regard to the zource of supply or manufacturer. Parte, subaszemblies and
and agsemblies having the full range of dimenzlons and characteristics
permitted by the specification governing the part, subassembly or az=zembly
ghall be usable as replacement items without selection and without from the
gepecitied performance requirements of the parent items.

4.2 Parte and materials. When permiagsion is granted to uszse a nonstandard
part or material becauze the exigting standard part or material iz not
available, the equipment shall be so designed that the nonstandard part or
material and the standard part or material are interchangeable. When the
gpecification for the part or material contains subatitutability or
guperseasgion information, the design shall permit the subastitute or super-
seding parte or materials to be used interchangeably.

§. Information for guidance only. Not applicable.

REQUIREMENT 7
15 December 1988
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REQUIREMENT 8
ELECTRICAL OVERLOAD PROTECTION

!. Purpoge. Thia requirement establishes the criteria and philosophy for
electrical overload protection.

2. Doouments applicable to Requirement 8:

MIL-STD-280 Definitions of Item Levels, Item Exchangeabllity, Models,
and Related Terms

MIL-STD-1538 Electrical Power, Direct Current, Space Vehicle Dezign
Requirements

NFPA 70-1090 National Electrical Code

3. Definitions

3.1 (Class | equipment: Ground and shipboard, including test and checkout
ground equipment

3.2 Class 3 equipment: Manned aerocspace aquipment
3.3 Class 3 equipment: Unmanned aerospace equipment
4. Hequirements. The requirements specified herein shall apply only to

equipment and systems aa defined in MIL-STD-280 for class 1 and class 2
equipment and MIL-STD-18539 for class 3 equipment.

4.1 Protection for clags 1 e

4.1.1 Current overload protection. Current overload protection shall be
provided for primary circuits. Devices such as fugesg, circuit breakersz, time
delays, cutouta, or solid-state current-interruption devicea shall be uzed to
open a circuit whenever an overload condition occurs. No overcurrent
protective device shall be connected in series with any conductor which is
grounded at the power =ource unlezs the device gimultaneouszly openg all load
conductorg in the circuit and no pole operates independently, or as otherwize
allowed by the National Electrical Code, NFPA 70. Protective devices for
wired-in equipment shall be connected to the load side of the equipment power
switch (main circuit power disconnect). For portable equipment a szeparable
connector or the attachment plug and receptable ghall zerve as the main
circuit power disconnect and the protective device may be on either the line
gide ar the load side of the equipment on-off switch
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4.1.2 Fuseg. Where fugseg are used, at least one extra fuse of each type
and rating used shall be supplied and attached to the applicable units of the
equipment. Panel-mounted fuse poste shall be such as to permit renewal of
fuses without use of tools.

4.1.3 Cirouit breakers. Circuit breakers shall give a visual indication
when tripped. Holding the awitching device closed on an overload ahall not
prevent tripping of the breaker. Multi-pole circuit breakers sghall be used

for three-phase equipment and shall diaconnect all phaseg if an overload
occure in any one phase. Circuit breakers shall not be used az awitches
unless such breakers have been specifically designed and tested for that type
gervice.

4.2 Protection for clags 2 equipment

4.2.1 Current overload protection. Current overload protection for the
equipment shall be provided by fuses or clircuit breakers. Circuit breakers
ghall not be used ag awitcheg unlegs such breakers have been gpecifically
designed and tested for that type gervice.

4.2.2 Spare fusez. When fuzes are uaed, a minimum of one spare fuse for
each size and rating but a quantity of not lezs than 10 percent of the total
ahall be incorporated in the equipment and s2hall be contained in the same
compartment .

4.3 Protection for clags 3 equipment. Electrical overload protection ghall
not be provided in individual boxes or systems recelving power.

8. Information for guidance only

5.1 Location. Overload protection for the equipment should be provided
therein. For clasg 1 and clags 2 equipment, all protective devices employed
in the equipment should be in a readily acceasgible, safe location.

5.2 RHRegettable circuit protectors. Circuit breakers or other resettable
deviceg should be used to protect critical circuits, or where predictable
overloads or surges ocour because of peculiar equipment functions or operator
effects which are unavoidable.
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REQUIREMENT 9
WORKMANSHIP
1. Purpoze. This requirement eatablishes the acceptable workmanship criteria
for electronic equipment. Thiz requirement will define those workmanship

reguirements not normally covered in subsidiary specifications or drawings.

2. Documents applicable to Requirement 9: HNot applicable.

3. Definitionz. Not applicable.

4. Requirements

4.1 Cleaning. After fabrication, partz and assembled equipment shall be
aleaned of gmudges: loomse, apattered, or exceas solder; weld metal; metal
chips and mold release agents; or any other foreign material which might
detract from the intended operation, function, or appearance of the
equipment.

4.2 Threaded parta or devicea. Screws, nute and bolts shall ghow no
evidence of crogs threading, mutilation, or detrimental or hazardous burrs,
and shall be firmly secured.

4.3 Bearing asgemblies. Bearing azzembliez shall be free of rust,
discoloration, and imperfections of ground, honed, or lapped surfaces.
Contacting gurfaces ghall be free of tool marks, gouge marks, nicks, or other
surface-type defects. There shall be no detrimental interference, binding,

or galling.

4.4 Wiring. Wiree and cableg ghall be positioned or protected to avoid
contact with rough or irregular surfaces and sharp edges and to avoid damage
to conductors or adjacent parts.

4.5 Shielding. Shielding on wires and cableg shall be gecured in a manner
that will prevent it from contacting or zhorting exposged current-carrying
parta. The ends of the shielding or braid shall be secured to prevent
fraying.

5. Information for guidance only

5.1 Containment. The harness and cable form containment means should be
neat in appearance, uniformiy applied, and positioned to retain eritical form
factors and breakout locations. The containment means {(lacing, ties, tiedown
strapa, etec) should not cause the wire or cable insulation to deform a0 that
performance characterigtios are adversely affected.

REQUIREMENT 9
12 February 1088
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5.2 Ingulation. There should be no evidence of burns, abrading, or pinch
marke in the insulation that could cause short circuits or leakage.

5.3 Clearance. The clearance between wires or cables and heat generating
parte should be sufficient to minimize deterloration of the wireg or cables.
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REQUIREMENT 10
ELECTRICAL CONNECTORS

1. Purpose. Thig requirement establizhes criteria for the selection and
application aof electrical connectors.

#2. Documents applicable to Requirement 10 :

MIL-J-641 Jack, Telephone, General Specification for

MIL-P-642 Plug, Telephone, and Accesgory Screws, (eneral Specification
for

MIL-C-10844 Connector, Plug and Receptacle (Electrical, Audio,
Waterproof, Ten Contact, Polarized)

MIL-C-12520 Connector, Plug and Receptacle (Electrical, Waterproof), and
Acceggories, General Specification for

MIL-C-29600 Connector, Electrical, Circular, Miniature, Compogite, High

Density, Quick Coupling, Environment Resistant, Removable
Crimp Contacts
MIL-C-38999 Connectora, Electrical, Circular, Miniature, High Density,

Nasd mle Thd mmm oo oo + Mawsann +* ﬂ"l\—u-.n.lnﬂ wad Dumasmsah Manm]l -l
"l-ll\-l\ MISLWWIHIITW W \UQ‘YUJIED, 4 447 cuul:'u, &lid oreeln WwOUMNLLIB/

Environment Registant, Removable Crimp and Hermetic Solder
contacts, General Specificationa for

MIL-C-85116 Connectora, Miniature, Audio, Five-Pin and Six Pin

MIL-C-55181 Connectors. Plug and Receptacle, Intermediate Power
(Electrical) (Waterproof) Type MW, General Specification for

MIL-A-88338 Adapters, Connector, Coaxial, Radio Frequency (Between
Seriesz and Within Series)

MIL-C-83503 Connectora, Electrical, Flat Cable, and/or Printed Wiring

Board, Nonenvironmental, deneral Specification for
MIL-STD-1383 Electrical Connectors, Plug-In Socketz and Associated
Hardware, Selection and Use of
MIL-STD-1646 Servicing Toole for Electric Contactz and Connectione,
Selection and Use of

MIT -OMN™-N1%H NannantAans Elantnamasnatin Trntantananaa I(TMTY Rilé+an
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Contact

EIA-207-A Cable Connectors for Audio Facilities for Radio Broadcasting

3. Definitions. Not applicable.

4. BRequirements

4.1 Selection. Selection and uge of electrical connectors shall be in
accordance with MIL-STD-1353 and ag specified herein. Intended use
information contained in the individual connector specifications shall be
congidered prior to making connector selectiona. Contact erimp, inatalling

QUIREMEHT 10
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and removal tools shall be in accordance with MIL-STD-1646 or as apecified
in the individual connector specifications. However, contractors may use
tooling as recommended by the contact or tooling manufacturer provided that
the finished crimp meets all of the performance requirements of the contact
and connector specification. The variety of these tools required within a

syatem shall be kept to & minimum, Maintenanos instruotiong and cther data

supplied by the contractor shall list the military standard tools and
contacts.

4.2 Audio frequency and communication connectors, special purpose.
Connectors conforming to MIL-C-10544 or MIL-C-55116 shalil be used in audio
frequency applications, such as head sets and chest sets, excluding pilots’
helmeta. For low level, three wire and audio input circuita in fixed plant
nontactical sound equipment, connectorz conforming to EIA-287-A shall be

used.

4.3 Connectors with thermocouple contactz. All connectors used 1n
conjunction with thermocouples shall have their contact materials identified
by one of the following methods:

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

b. Insulation sleeving or other markers degigned for attachment around wire
bundleg. Markerz zhall be attached adjacent to the plug. Contact materials
ghall be identified with abbreviations in accordance with table 10-1I.

TABLE 10-I. Abbreviations for thermocouple materials.

Chromel CR Cobalt Cco

Alumel AL Tung=ten

Iron FE Rhenium W RE

Constantan CN Tungsgten W

Copper CuU Iridium IR

Platinum PT Rhodium RH

Platinum ’ Iridium

Rhodium PT RH Rhodium IR RH

Khenium RE Molybdenum MO

Gold AU

4.4 Heavy duty connectors
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4.4.1 Power connectors (40-200 amperes)}. All power connectors for any
ground application shall conform to Section 102 of MIL-STD-1383 and shall be
uged with heavy duty jacketed cable az zpecified on the inagert standards.

#4_4.2 (@eneral purpose and ghipboard. Connectora for general purposge heavy
duty applications and shipboard power applications shall conform to Section
102 of MIL-STD-1353. Connectors used for external applications shall be
pressurized and waterproof in the mated and unmated condition in accordance
with the requirements of Claases C or L. Connectors used internally (within
a protective enclosure such as a shelter) may be in accordance with Class R
provided waterproofing or pressurization i3 not a requirement for the
application.

4.4.3 Right angle power and control (Army only}. In application where
right angle bend is required, center lock screw multicontact connectors
ghall conform to MIL-C-12520 or MIL-C-88181, aa applicable.

4.5 @eneral utility connectore. PFPolarized connsctorz are the preferned
gtylea and shall be used where automatic grounding must be provided to

insure safety to equipment and personnel. Connectore for general utility
power applications ghall conform to Section 106 of MIL-STD-1353.

4.6 Plugs and jacks (telephone type). Telephone type jackz and plugs shall
conform to MIL-J-64]1 and MIL-P-642.

4.7 Test jacka. Teat jacks shall conform to Section 1085 of MIL-8TD-1383.
Jacks or receptacles for use az rf test pointe shall be selected in

accordance with paragraph 4.8.

4.8 Rt connectors. Rf connectors szhall conform to Section 200 of
MIL-8TD-1353. Adapters used with rf connectora shall conform to
MIL-A-55339.

4.9 Connectoreg for printed wiring. Printed circuit connectora shall
conform to Section 104 of MIL-STD-1353.

4.10 Connector wiring. Multiple conductors may terminate in a contact
provided the sum of the cross sectional areas of the conductors does not
exceed the maximum cross sectional area for which the contact is rated. WNot
more than one wire shall be routed through any hole in the grommet of an
environmentally sealed connector.

4.11 Extra contactz. The following requirements are applicable to all
articles ot equipment, except those in which 1t 12 unlikely that additional
clircuita will be required.
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4.11.1 Quantity and location. Unused connector contactsg or contact
pogitions for external circuite shall be provided for future ugse, and szhall
be located on the periphery {outer contacts) of the connector. The minimum
quantity ahall be as specified below:

Total number of used Unused contacts or contact
contacte in connector pogitionsg required (min}
1 thru 3 1 {optional)
4 thru 25 2
26 thru 100 4
101 or over g

4.11.2 An extra connector shall not be used to meet this requirement
without the approval of the procuring activity.

4.11.3 BSize and rating of extra contacts. The size and rating of extra
contacts ghall be compatible with other contacts within the connectors.

4.11.4 Crimp contact connectors. When crimp contact environmentally sealed
connectorg are uged, all contact positions shall be filled with contacts.

4.11.5 Sealing plugs. Sealing plugs shall be inserted in the grommet holes
of unused contacts in environmentally sealed connectors.

4.11.6 Potted connectors. For potted connectors, each unused contact shall
have a maximum gauge wire of 150 mm minimum length attached and identified

with the contact designation for future use. For connectore external to the
unit, the wire end shall be gsuitably capped to prevent moisture from
entering the connector.

4.12 Protective measures. All unmated connectors shall be protected with
metal or plastic capa or otherwige suitably protected during maintenance,
storage and shipment. Protective caps specified by military apecitications
or military atandards and designed for mating with specific connectors shall
be uged. Unmated connectorsz which may contain electrically “hot" ecircuits
while in environmentally hazardous areas ahall be covered with moistureproot
and vaporproof capeg. Connectore on enclozed cabinet mounted equipment need
not be provided with protective cape unleasz an environmental hazard exista.

4.13 Connsctors for round conductor flat cable. Connectorz for use with
flexible round conductor flat cable shall conform to MIL-C-83503.

10
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4.14 Fireproof connectors. Fireproof and firewall connectors shall be
clage K and shall conform to Section 101 of MIL-STD-1353. Where it i=
necegegary to maintain electrical continuity for a limited time under
continuous flame, both the receptacle and mating plug shall he claags K.
If flame integrity only is necesgary without the need for electrical
continuity, a class K receptacle shall be used, but the mating plug may
be of any type and class. In all cages, the plug and receptacle ghall be
environment regiating.

4.15 Filter pin connectors. Electrical connectors incorporating filtenr
pins shall be considered for use only when conventional electrical filtera
are not acceptable. When used, filter pin connectors shall conform to

MIL-STD-2120.

#4.16 Compogite Connectord. Miniature composite environment resisting
connectore ghall conform to MIL-C-28600 or MIL-C-3B886.

5. Information for guidance only. Not applicable.
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application of electrical insulating materials.

MIL-STD-454N

REQUIREMENT 11

INSULATING MATERIALS, ELECTRICAL

This requirement establishes criteria for the selection and

Ingsulating materials used

for encapsulation and embedment (potting) and for conformal coating are
excluded from this requirement.

2. Documents applicable to Requirement 11:

L-P-516
HH-I-553
MIL-I-10

iLETY | Y B |

MmiLL=M™ 1%
MIL-P-70
MIL-I-631
MIL-P-0887
MIL-I-3158
MIL-I-3190
MIL-I-3825

MIL-I-7444
MIL-T-13020

MIL-P-185037

MIL-P-18047

MIL-I-15126

MIL-I-17208

MIL-P-18177

MIL-I-18746

MIL-P-18161

MIL-I-18166

Plagtic Sheet and Plastic Rod, Thermosetting, Cast
Ingulation Tape, Electrical (Rubber, Natural and Synthetic)
Ingulating Compound, Electrical, Ceramic, Class L

Molding Plastics and Molded Fiagtic Parts, Thermosetting
Plastic Rods and Tube=z, Thermozetting, Laminated
Insulation, Electrical, Synthetic-Reain Composition,
Nonrigid

Plagtic Material, Laminated, Thermosetting, Electrical
Insulation, Sheets, Glass Cloth, Silicone Reain

Ingulation Tape, Electrical, Glags-Fiber (Resgin-Filled),
and Cord, Fibrous-Glass

Ingulation Sleeving, Electrical, Flexible, Coated, General
S8pecification for

Ingulation Tape, Electrical, Self-Fusing: For Uge in
Electronice, Communications, and Allied Equipment
Ingulation Sleeving, Eleotrical, Flexible

Tape, Rubber, Unvulcanized, Splicing and Molding (Tapesa
TL-317/0U and TL-318/0)

Plaatic Sheet, Laminated, Thermosetiing, Glass-Cloth,
Melamine-Resin

Plastic Sheets, Laminated, Thermosetting, Nylon Fabric Bage,
Phenolic-resin

Ingulation Tape, Electrical, Pregsure Sengitive Adhezive
and Presaure Sensitive Thermosetting Adhesive

Insulation Cloth and Tape, Electrical, Glasas Fiber,
Varnished

Plagtic Sheet, Laminated, Thermosetting, Glasz Fiber Base
Epoxy-Resgin

Inaulation Tape, Nonadhering, Glasa Fabric,
Polytetrafluoroethylene Coated

Plaatic Sheet, Laminated, Glase Cloth
Polytetralluorocethylene Rezin

Insulation Tape, Electrical, High-Temperature, Glass Fiber,
Presaure Sensitive

r

REQUIREMENT 11
15 December 1880
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MIL-I-22129
MIL-I-23053
MIL-I-23264
MIL-I-23504
MIL-I-24002
MIL-I-24204

MIL-1-24391
MIL-I-46882

MIL-I-49458

MIL-I-81765

MIL-1-85080

AMS 36B4B

AMS 3685A

ASTM D3265-81

26 CFR 1910

3. Detlinitions.

MIL-STD-454N

Insulation Tubing, Electrical, Nonrigid, Vinyl, Ve
Temperature Grade

Insulation Tubing, Electrical, Polytetrafluoroethylene
Resin, Nonrigid

Inaulation Sleeving, Eieotrical, Heat-Shrinkable, General
Specification for

Insulatore, Ceramia, Electrical and Electronic, General
Specitication for

Inaulation Tape, Electrical: High Temperature Folytetra-
fluoroethylene, Pressure-Sensitive

Ingulating Varnish, Electrical, Impregnating, Solvent
Containing

Ingulation, Electrical, High Temperature, Bonded, Synthetijao
Fiber Paper

Ingulation Tape, Electrical, Plastlic, Preszaure Sensgitive
Ingulation Tape, Electrical, Self-Adhering, Unaupported
Silicone Rubber

Insulation Sheet, Electrical, Silicone Rubber, Thermally
Conductive, Fiberglass Reinforced

Ingulating Components, Molded, Electrical, Heat Shrinkable,
General Specification for

Insulation Sleeving, EKElectrical, Shrinkable Without Heat,

General Specification for
Plaation +.||hing, REloantninal Ingulation Innadiatad

B W e WA A ik Ve A e AT MAam VWl ee s e te v

Polyolefin, Pigmented, Semi-rigid, Heat-Shrinkable 2 to 1
Shrink Ratio

Tubing, Electrical Ingulation, Standard Wall, Extruded
Polytetrafluoroethylene (PTFE)

Tubing, Electrical Insulation, Light Wall, Extruded
Polytetrafluorcethylene (PTFE)

Tubing, Electrical Ineulation, Thin Wall, Extruded
Polytetratluoroethylene {(PTFE)

PTFE Tubing, Specification for

Code of Federal Regulations, Title 29, Chapter XVII, Part
1910

Not applicable.

4. Requlrements

4.1 Ceramics.

Ceramic compoundsg shall conform to MIL-I-10. Ceramic

inaulators shall conform to MIL-I-23264.

4.2 Electrical tape. Tape shall be selected from the types included in
MIL-1-3188, MIL-I-3825, MIL-T-13020, MIL-I-15126, MIL-I-17205, MIL-I-18746,
MIL-I-16166, MIL-I-23594, MIL-I-24381, and MIL-I-46852.
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4.2 SlEEJiAg and &y biuﬁ. S}.CEV.&JIE and wuoif ig i,
MIL-I-3160, MIL-I-7444, MIL-I-22076, MIL-I-22120, MIL-I-23053, MIL-I-85080,
AMS 3638, AMS 36883, AMS 3684, AMS 3685, or ASTM D3295 MIL-I-631 ehall alsmo

apply to film, film tape, sheet and sheet tape forme of ingulation,

-~ mwmd FyahlmAd ahall mawd oo —_T_a7
ﬁllﬂll I-UJIIUII.II hu l'lll-l F oty

4.4 Plagtic, thermosetting, cast. When used for electrical insulation,
parts fabricated from cast thermosetting plastic materials shall be in
accordance with L-P-516.

ated elected shall conform
to MIL-P-79, MIL-P-8 7 MIL P 15037, MIL-P-15047, MIL-P-18177, MIL-P-19161,
or MIL-I-24204. The preferred base le glasa cloth. Electrical inaulators
fabricated from laminated thermosetting-plastic sheets, plates, rods and
tubers (except transparent plastics) shall be treated after all machining and
punching operations with a zuitable moisture barrier unleass the plaastic has
a molsture absorption of 1.0 percent or less or iz used in a hermetically
sealed container.

4.5 Plaztic, thermosettin laminated. Materials

4.6 DPlastic, thermosetting, molded. Materials used to mold electrical
inaulators shall conform to MIL-M-14. Molded partz which undergo aubsequent
machining shall be vacuum impregnated with a aujtable moisture barrjer
material and dried after all surface-breaking operations have bheen

completed. Cotton and linen shall not be used as filler material in any
alantrical ingulatar Materiale having moisture sbaorption of 1.0 percent

or lesa, and thozse used in hermetically sealed containers need not be
impregnated.

4.7 Varnigh, insulating. Insulating varniah shall conform to MIL-I-24082.

4.8 Heat ahrinkable inszulatora. For applicationz requiring heat ghrinkable
ingulators other than sleeving, such asg sgtrain relief boota or encleosure
feed throughs, the materizl shall conform to MIL-I-81765.

4.9 Thermally conductive insgulators. Applicationa which require a
thermally conductive insulator between heat generating parts and their heat
ginks shall use a material in accordance with MIL-I-40456 if silicone grease
is not suitable.

#4.10 Polyvinyl chloride. Polyvinyl chloride insulating materials shall not
be used in aeroapace applicationz. Their use in other applications requires
procuring activity approval.

on
-
=
pur
C
|
-
[
(=]
=
-
O
-}
fro,
[=
(.
Ch
[
bl



http://www.abbottaerospace.com/technical-library

MIL-8TD-454N

#5.1 Selection eriteria. Insulating materials should be zelected bazed upon
meeting or exceeding application requirements, such as:

a. Temperature endurance f. Mechanical strength

b. Moisture absorption and penetration g. Dissipation factor

¢. Fungue resistance h. Ozone rezistance

d. Dlelectric strength 1. Flammability

e. Dielectric constant

8.2 Carcinogens. Certain chemicals have been identified in the

Ao Taa1in & raoTTay o

Ococupational Safety and Health Act (OSHA) as cancer-producing substances
(carcinogens). Before ueing any materials which might contain thesze
chemicala, they sghould be evaluated in accordance with 28 CFR 1910.
Conaideration o¢f the toxicity of a aubstance gshould be given prior to
material selection.

11
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REQUIREMENT 12

FASTENER HARDWARE

I. Purpose. This requirement establishes criteria for the selection and
application of fastener hardware.

2. Documents applicable to Requirement 12:

FF-W-100
TT-8-1732

FED-STD-H28
MIL-S5-1222
MIL-F-8591
MIL-R-8674

4

=

iIL-B-
8-

B 22

IL-B-681
IL-5-774

MIL-B-7838
MIL-R-7885
MIL-R-8814
MIL-B-8831

MIL-S-8878

MIL-F-18240

Bolta, Hexagon and Square

Nut, Square, Hexagon, Cap, Slotted, Castle Knurled, Welding
and Single Ball Seat

Rivet, Solid, Small; Rivet, Split, Small; Rivet Tubular,
Small; Flat Washer (Burr); and Cap, Rivet, General Purpose
Screw, Cap, Slotted and Hexagon-Head

CAanaur Man Qnnkat+t -_Uaad
[ M AT i |'.7", u:l.l.l' [ AT AT N — 7] MU

Screw, Machine; Slotted, Cross Recessed or Hexagon Head
Setacrews; Hexagon Socket and Spline Socket, Headless
Setacrews, Square Head and Slotted Headless

Waghera, Lock (Spring)

Washer, Metal, Flat (Plain)

Washer, Lock (Tooth)

Sealing Compound, Pipe Joint and Thread, Lead Free, (eneral
Purposge

Screw-Thread Standards for Federal Services

Studa, Bolts, Hex Cap Screws, Socket Head Cap Screws and Nute
Fagtenera, Panel; Nonstructural

Rivets, Structural, Aluminum Alloy, Titanium Columbium Alloy,

General Specification for

Naltas Adwmanadd
LYALE, RLUVISA v

Screw Threads, Standard, Optimum Selected Series; General
Specitication for

Bolt, Internal Wrenching, 160 KSI FTU

Rivets; Blind, Structural, Pull-Stem and Chemically Expanded
Rivets, Blind, Nonstructural Type

Bolt, Tensile, Steel, 180 K5I FTU, 450°F, External Wrenching,
Flanged Head

Screw Threadz, Controlled Radiuz Root with Incressed Minor
Diameter, General Specification for

Fastener, Externally Threaded 250°F, Self-Locking, Element
top

Thread Compound, Antigeize, Zinc Dust-petrolatum

Sealing, Locking and Retaining Compounds: (S8ingle-Component)
Fagtener, Rotary, Quick-Operating, High Strength

=L LA N=ab S8 vadl - A VAT

Rivet, Blind, Nonstructural, Retained Mandrel, Open-end,
Domed Head, Aluminum Alloy, Carbon Steel

EMEN‘T 12
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MIL-N-25027 Nut, Self-Locking 250°F, 450°F, and BQO0°F

MIL-R-27384 Rivet, Blind, Drive Type

MIL-5-46163 Sealing Lubricating, and Wicking Compounda: Thread Locking,
Anaerobic, Single Component

M333522 Riveta, Blind, Structural, Mechanically Locked and Friction
Retainer Spindle, {(Reliability and Maintainability,
Design and Construction Requirements {for)

MS33540 Safety Wiring, and Cotter Pinning, General Practices for

M333587 Nonstructural Rivets for Blind Attachment, Limitations
for Design and Ugage

NAS498 Bolta, Shear, 95 KSI FSUO

NASH547 Fastener, Rotary, Quick-Operating, High Strength

NAS1686 Rivet, Blind, Aluminum Sleeve, Mechanically Locked, Spindle,
Bulbed

NAS1687 Rivet, Blind, Monel and Inconel Sleeve, Mechanically Locked
Spindle, Bulbed

3. Definitiong. Not applicable.

4. Requirements

4.1 Threaded fastenerg and related parts

4.1.1 S8Screw threada. Screw thread zelection shall be bazed on the using
applicationa in accordance with the following.

a. S8crew threade szhall be in accordance with FED-STD-H28 in applications
where the threaded fasteners are required to mate with or mount threaded

commenrcial equipment or devipeg.

Luleitil il ma ity pA g1

b. Screw threade shall be in accordance with MIL-8-8879 for applications
requiring high strength or high fatigue life. (Caution shall be exercised
where a MIL-S-8870 UNJ external thread fastener iz used due to its

incompatibility with the commonly used UNC, UNF or UNEF threaded nut or
tapped hole.)

¢. Screw thread sizeg and serieg for general ugsage shall be selected in
accordance with MIL-3-774%.

4.1.2 8Screwe. Screws shall conform to the gpecifications listed below.

a. Machine screws shall conform to FF-S-02.

b. Cap screws shall conform to FF-5-85 or FF-S-88.
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0. Setsgorews shall conform to FF-S85-200 or FF-5-210.

d. Self-locking zcorewsa shall conform to MIL-F-18240. Fiber inserts shall
not be used az the locking device.

4.1.3 Bolts. Bolts shall conform to the gpecifications listed below.
a. Hex bolta sghall conform to FF-B-578,

b. Bolt studs shall conform to MIL-8-1222.

e¢. Aircraft bolts shall conform to MIL-B-6812.

d. Internal wrenching bolts shall conform to MIL-B-7838.

e. High tensile atrength boltz ghall conform to MIL-B-8831.

f. Shear boltz shall conform to NAS498,

4.1.4 Nuts. Nutz ghall conform to the apecifications listed below.
a. General purpoze nutz shall conform to FF-N-836.

b. High temperature nutas shall conform to MIL-S5-1222.

c. 8Self-locking nuts ghall conform to MIL-N-25027.

4.1.4.1 Sheet spring nuta. Sheet 2pring nute shall not be uszed without
gpecific approval of the procuring agency.

4.1.5 QSafety wiring and cotter pins. Application of safety wiring and
cotter ping shall conform to MS33540.

4.1.6 Quarter turn fastenersgs. Quarter turn fasteners shall conform to
MIL-F-5501.

4.1.7 Rotary quick operating high strength fastenerg. Rotary quick
operating high strength fastenersz shall conform to MIL-F-2287B or NASS547.

4.1.8. Lockwashera. Lockwashers ghall conform to the specificationg liated
below.

a. Spring lockwashers ghall conform to FF-W-84.

b. Tooth lockwazhers shall conform to FF-W-100.

12
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4.1.9 Flat washers. Flat waghers shall conform to FF-W-02.

4.1.10 Thread-locking and retaining compounds. Thread-locking and retaining
compounds shall conform to MIL-S-22473 or MIL-5-46163.

4.1.11 Antiseize compounds. Antiseize compounds ashall conform to
MIL-T-22361 or TT-S-1732.

4.2 Rivets

4.2.} Nonstructural rivetz. Nongiructural rivetsz shall conform to the
following.

a. Small solid, split, tubular and general purpose rivetz shall conform to
FF-R-586.

b. Nonstructural blind rivets shall conform to MIL-R-8814.

¢. Blind, nonstructural, retained mandrel type rivets shall conform to
MIL-R-24243.

4.2.2 Structural rivetz. Structural rivets zhall conform to the following:

a. Aluminum and aluminum alloy rivets shall conform to MIL-R-5674.

b. Structural, blind, pull-ztem rivets zhall conform to MIL-R-78858, NAS1686
or NAS 1687.

¢. Blind, drive type rivets ghall conform to MIL-R-27384.

5. Information for guidance only

5.1 Threaded fasteners

B.1.1 Fastening of goft materials to soft materials. The mounting or
asgembly of parte made of moft materiale to soft materials should be

accomplished by one of the following methods:

a. A through-szcrew or bolt secured by a self-locking nut or plain nut with a
lockwagher.

b. A through-gcrew or bolt secured by a plain nut with a thread locking
compound applied to the threada of the scorew or bolt and nut.

c. A screw or bolt In a threaded device such as & threaded bushing; a
ataked, clinched or preased-in nut; or a threaded insert. The bushing, nut,
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or insert shall be secured to, or should be installed in, the parent
gtructure in accordance with the applicable procedures. The engaged length
0! threaded inserts in the parent material zhould be at leagt 1.5 times the
nominal diameter of the internal thread. Where the material thickneas is
ingufi{icient to accommodate a 1.5 timea thread diameter inasert, a shorter
ingert may be used 1in applications where maximum atrength is not of primary
importance; or a solid threaded bushing (which providez equal atrength with
leae length because ot the greater outaide diameter of the bushing) should be
uged. When the screw or bolt is to be installed in an aluminum alloy part,
the aluminum alley part a2hould be provided with threaded inserte of corrosion
reaistant ateel or other suitable materiala. When the zcorew or bolt is to be
ingtalled in a plagtic material part, the plastic part should be provided
with threaded inserts. If lockwashere or self-locking threaded inaerte are
not used, a thread-locking compound in accordance with 4.1.10 should be
applied to the threads of the screw or bolt.

d. A gcrew or bolt in a tapped hole, with a thread-locking compound in
accordance with 4.1.10 applied to the threads of the screw or bolt.

e. A stud in a tapped hole. Self-locking nute should be avoided on
gtud-mounted components, unless the stud material igs compatible with the
gtrength and material of the nut used.

§.1.2 Fastening of hard materiala to goft materiala. In addition to the
methodas outlined in 5.1.1, a screw or bolt with a lockwasher may be used in a
threaded buéhing, gtaked, clinched or pressed-in nut, threaded insert or
tapped hole.

§.1.3 Fastening of soft materjale to hard materials. In addition to the
methoda cutlined in 5.1.1, a self-locking screw or bolt may be uased in a hole
tapped into the hard material. Self-locking screwe or bolts with nonmetallic

locking devices ghould not be used where the gpecified gervice conditions or
procegging, guch asz baking of paints or msoldering, might deteriorate the
locking device.

5.1.4 Fastening of hard materials to hard materials. Any of the methods
outlined in 8.1.1 through 5.1.3 may be used.

5.1.8 Fagtening of brittie materiala. Brittle castings or parts made of
ceramic or other brittle materialas should be properly cughioned when
neceszary to prevent breakage. Washerm or gaskets of guitable material and
compreggibility should be uzed between the facing surfaces of the brittle
part and other brittle or metal parts, when practicable, to prevent breakage
or damage to the protected parts during assembly or from severe shock,
vibration or temperature changes encountered under the gpecified szervice
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conditions. Lead washers should not be used. Parte that are secured with
threaded devices and pliable washerg should not uge lockwashers as the
locking device, and other appropriate locking devices should be considered.

§.1.8 Fastening with aluminum alloy or magnesium fasteners, The use of
threaded taatenere made of aluminum alloy or magnesium to mate with threaded
parts of aluminum alloy or magnesium should be avoided wherever posgsible.
Where z2uch is required, an antiselize compound in accordance with 4.1.11
ghould be used to prevent selzing of the threads.

5.1.7 Flat wagherg. Flat washers should be used for the following
applications:

a. Between gorew heads and goft materials, unleszs a washer head screw, or
gimilar type that providez a bearing surface equivalent to the bearing
gaurface of the appropriate flat washer, iz being used.

b. Between a nut or lockwaszher and a soft material.

c¢. Where lockwashers are used for securing a soft material, a flat washer
gshould be provided to prevent marring or chipping of the material or the
applied protective coating, except in areas where an electrical ground i=s
required.

d. Except where it conflicte with electromagnetic interference
congiderationz, a flat washer should be uzed between an organically finighed
material and lock-washera, bolt and screw heada, or nuts.

#5.1.8. Thread engagement. The length of the acrews and bolte installed with
nuta szhould be guch that the exposed portion iz a minimum lenght equivalent
to 1.5 thread pitches pluz the chamber. Maximum length ahould be limited by
the neareet larger standard screw length. ¥or highly stressed applications,
gorews or bolte should have a minimum thread engagement of 1.5 times their
nominal diameter in tapped parts other than nuta. In normal applications,
gaorews or bolte should have a minimum engagement length equal to their
nominal diameter in tapped parte other than nuts. When the assembly iz not
frequently disassembled and where maximum gtrength is not required, less
thread engagement may be used.

5.2 HRivets. HRivete should be used in preference to other hardware for
gecuring parta not requiring removal. Wherevepr the thicknega of metal which
acceptz the heads of flush rivete ig less than the height of the rivet heads,
the material should be dimpled rather than countersunk. The distance from
the center of rivet holes to the edges of the material in which the rivets
are placed zhall not be less than 1.5 times the rivet diameter. Design and
limitations of rivets should be in accordance with MS33522 and MS335857.
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aluminum alloy or an aluminum alloy having equal galvanic compatibility with
the magnegium being used.

5.3 Other fastening methods

5. 3.1 Set gcrew2. One 2et 2crew may be used on a flatted shaft. Two get
screwa at 90° to 120° digplacement should be used when the ghaft is not
flatted. Cone-point set screws should not be used, except when the opposing
metal has been properly countersunk to receive the cone-point.

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

§5.3.2.1 Nonatructural applicationa. Quarter-turn fasteners should be used
only to retain nonetructural access to devices where quick accesas is
required.

5.3.2.2 Structural applicationz. Rotary, gquick-operating, high strength
panel fastenerz should be used to retain atructural access devices where
quick accezs 1a required.

8.3.2.3 Threaded fastenerz. Threaded fazteners used with access devices
ghould be gzelf-aligning, captive type hardware.

§5.3.3 Sorew threaded device appljications

8.3.3.]1 BScrews or bolis without nuta. Applicationa requiring the use of
gacrews or bolta without nute should use one of the following sorew locking

methodsg:

a. Lockwaghera under the heads of the screws or bolts
b. Self-locking screws

c. Selt-locking threaded inserts

d. A locking or retaining compound in accordance with 4.1.10 applied to
the threads

e. Safety wire through drilled headsz in accordance with 4.1.5.

5.3.3.2 Countersunk head screws. Countersunk head screws, when not secured
by other locking meansz, should be secured by the application of a thread-

12
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impracticable or unsatisfactory for design reasonas.

5.3.3.3 Thread-forming, thread-cutting, and drive screws. Thread forming,
thread-cutting, and drive screws should not be used except for attaching
identification plates.

5.3.3.4 Safety wiring and cotter pins. Safety wiring and cotter pins should
not be used on terminals such as screws and threaded studs that are required

to function ag electrical terminals.

5.3.3.5 Thread-locking and retaining compounds. Thread-locking and

retaining compoundg should not be used where required electrical conductivity
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equipment.
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REQUIREMENT 13

1. Purpoge. Thia requirement establisheg criteria for structural welds.
Welded electrical connectionsg are excluded from this requirement.

2. Documents applicable to Requirement 13:

MIL-W-6858 Welding, Reaistance, Spot and Seam

MIL-W-46132 Welding, Fusion, Electron Beam, Process for

MIL-STD-22 Weldad Joint Dﬂsiﬁn

MIL-STD-248 Welding and Brazing Procedure and Performance Qualification

MIL-8TD-1261 Arc Welding Procedurea for Congtructional Steels

MIL-STD-1505 Qualification of Airoraft, Missile, and Aerospace Fusion
Welders

MIL-STD-422168 Fusion Welding for Aerospace Applications

MIL-HDBK-8 Metallic Materials and Elementz for Aerczpace Vehiole
Structures

MIL-HDBK-730 Materials Joining

ANSI/AWS A2.4-86 Standard Symbols for Welding, Brazing and Nondestructive
Examination

ANSI/AWS A3.0-85 Standard Welding Terms and Definitiong, Including Terms for
Brazing, Soldering, Thermal Spraying and Thermal Cutting

3. Definitiona. Not applicable

4. Requirements

4.1 Arc and gas welding. Welding by arc and gas methodas shall be performed
by operators who have pasgsed the appiicabie certification testz and have a
certificate of proficiency in accordance with MIL-STD-248 or MIL-STD-1505.
Welding of aluminum, magnesium, and steel alloyes shall conform to
MIL-STD-2219.

4.2 Reasistance welding. Resistance welding of joints shall conform to
MIL-W-6858.

8. Information for guidance only

§.1 (@eneral. The joint areas of all parts to be welded should be cleaned of
contaminantz and materialz which may be detrimental to obtaining satiafactonry
welde. Degradatio of material properties in the heat affected zone caused by
welding should be considered. Weldmente should be gtreass relieved when

induced stress resulting from welding, design configuration, or materials

welded may he harmful. See ANSI/AWS 2.4 for welding symbola, ANSI/AWS A3 0

REQUIREMENT 13
g May 1981
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for welding terms and definitions, and MIL-S8TD-22 for welded joint degigns
MTT _LIMOY_NTZA wwvn~er Lird Ammmasa dwm bhdom #Fdald And mmadbnwmdalae {dadmdumdt awmad &b
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related proceases.

5.2 Resistance welding. MIL-HDBK-5 may be used as a guide for apot-to-sheet
edge distances and allowable strengths.

8.3 Noncritical applications. In ground equipment applications, welding
procedures in accordance with MIL-STD-1261 may be uszed where, it the weld
ghould fail, it will not compromise personnel or equipment zafety or prevent
completion of the misaion.

5.4 Other methods. Other welding methods, such as the electron beam proceas
of MIL-W-46132, may be used provided approval iz obtained from the procuring
activity.
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REQUIREMENT 14
TRANSFORMERS, INDUCTORS, AND COILS

1. Purpose. Thisz requirement establishes criteria for the selection and
application of transformera, inductors, and coils.

2. Documents applicable to Requirement 14:

MIL-T-88631 Tranaformers, Intermediate Frequency, Radio Frequency and
Discriminator, General Specification for

MIL-T-83721 Transformer, Variable, Power, General Specification for

MIL-STD-981 Degign, Manufacturing and Quality Standarde for Custom

Electromagnetic Devices for Space Applications
MIL-STD-1286 Transformers, Inductors, and Colls, Selection and Use of

3. Detinitiona. Not applicable.

4. Reguirements

4.1 Selection. Selection of transformers, inductora, and coils shall be in
accordance with MIL-STD-1286 and the following paragraphs.

4.1.1 Intermediate, radio freguency and discriminator transformers.
Intermeadiate, radio frequency and diacriminator tranaformera ghall conform
to Grade 1, 2, or 4 of MIL-T-55631. The use of Grade 3 tranaformers shall bhe
limited to hermetically sealed or encapsulated assemblies.

4.1.2 Variable trangformerz. Variable transformersz shall conform to
MIL-T-83721.

4.1.3 Custom electromagnetic devicesg for gpace applicationa. Cusztom
electromagnetic devices for space applications shall conform to MIL-STD-881.

8. Information for guidance only. Not applicable.

REQUIREMENT 14
20 September 1888
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REQUIREMENT 15
;ORROSION RESISTARNCE

METALS,

I. Purpose. This requirement establishes criteria for the =election and
treatment of metals a2 related to their ability to resist corrosion.

2. Documents applicable to Requirement 18:

MIL-STD-889 Diggimilar Metals
MIL-STD-1516 Unified Code for Coatings and Finishes for DOD Materiel

3. Definitiong. Not applicable.

4. Requirements. Metals shall be corrosion resistant or szhall be

coated or metallurgically processed to reaist corrogion. Materials and
processes for metallic parts ahall conform to applicable requirements in
MIL-STD-889 and MIL-STD-1816. Coatingas shall be selected from MIL-STD-1516.

5. Information for guidance only. The environmental severity to which the
equipment will be exposed should be considered in selection of metals. The
uge of non-corrosion resistant steel alloys, except where specifically
required for electronic purposes, should be kept to & minimum.

REQUIREMENT 15
10 September 1987
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REQUIREMENT 16
DISSIMILAR METALS
1. Purpose. This requirement establishes criteria for the zelection and

protection of dissimilar metal combinations and other significant corrosion
behavior factors.

2. Document applicable to Requirement 18:
MIL-STD-889 Diggimilar Metals

3. Definitions. Not applicable.

4. Requirements. Selection of metals for use in electronic equipment ghall
be made in accordance with the requirements of MIL-STD-889.

5. Information for guidance only. Where electronic design requirements
preclude the insulation of incompatible metal combinationz as ldentitfied in
MIL-STD-889 from one another, apecific attention ahould be paid to lsolating
the ocombination from exterior environmente.

REQUIREMENT 16
10 September 1087
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REQUIREMENT 17

1. Purpcse. Thig requirement established criteria for the deaign and
treatment of printed wiring assemblies.

2. Documents appiicable to Requirement 17:

MIL-P-46843 Printed Wiring Assemblies

MIL-STD-1861 Electrical and Electronic Assemblies, Boards, Cards,
and Agmociated Hardware, Selection and Uze nf

ANSI/IPC-D-322 Guidelines for Seleeting Printed Wiring Board

Sizes Using Standard Panel Sizes
3. Definitions. Not applicable.

4. Requirements

4.1 Rigid printed wiring and printed wiring boards. Rigid printed wiring
and printed wiring boards for single-sided, double-sided, and multilayer

printed wiring shall conform to MIL-STD-1861. The materialg used for
gingle-aided, double-gided, and multilayer printed wiring boards sghall
conform to MIL-STD-1861.

4.2 Rigid nrinted winingd aggembhlies, igi ;ed wiping agsemblies
congisting of rigid printed wiring boards on which separately manufactured
parts have been added =shall conform to MIL-STD- 1861 For Army missile
weapon systems, MIL-P-46843 ghall apply only for replacement purpose=a

w
'Du
:.
"3

4.3 Conformal coating. When conformal coating is required, rigid printing
wiring aszsemblies shall be conformally coated with a ccating material which
conforms to MIL-STD-1861.

4.4 Flexible and rigid-flex wiring. Flexible and rigid-flex printed wiring

ghall conform to MIL-STD-1861 and shall be dezigned in accordance with
MIL-STD-1861.

.5 Discrete wiring boarda. Diascrete wiring boarde with plated-through
1 in with MIL-9Th-1881.

4.6 Backplane aggemblies, printed wiring. Electrical backplane printed
wiring amsemblies shall conform to MIL-STD-1861 and shall be deaigned in

accordance with MIL-STD-1861.

REQUIREMENT 17
30 June 1882
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5. Information for guidance only

5.1 Printed wiring board size., Quidelines for the gelection of printed
wiring board sizes are delineated in ANSI/IPC-D-322.
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REQUIREMENT 18
DERATING OF ELECTRONIC PARTS AND MATERIALS

1. Purpoee. Thig requirement establishes criteria for derating of electronic
parta and materials.

2. Document applicable to Requirement 18:

MIL-STD-1547 Parta, Materials, and
Vphin1pn Tpﬂhniﬂa] Ram

Processes for Space and Launch
equiremants for

3. Definitions. Not applicable.

4. Requirements

4.1 Derating. 1In the application of electronic partz and materials, the
parte and materials selected shall be used within their electrical ratings
and environmental capabilities (e.g., any ambient or hot apot temperatures,
voltage, current, or power digsipation). Derating shall be accomplighed as
necessary to assure the required equipment reliability within the specified
operating conditiona.

4.2 Derating for launch vehicles and gpace gystems. Electronic parts and

matariale ugad in launch vehincleg or arnacs ﬂunfnmq ahall ha dapatad in

WA A WM A A i el ¥V A d ki Wa W e e UL Saitaa e wMTd ey

accordance with the requirements ot MIL-8TD- 1547

5. Information for guidance only. Not applicable.

REQUIREMENT 18
12 February 19088
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REQUIREMENT 19
TERMINATIONS

1. Purpose. Thie requirement establighea critepria for the gelection and
application of terminations.

2. Documents applicable to Hequirement 18:

MIL-T-7928 Terminale, Lug and Splice, Crimp-Style, Copper

MIL-T-1568598 Terminal, Lug, Solder, Copper and Phosphor Bronze

MIL-T-55156 Terminaleg, Lug, Splices, Conductor; Screw Type, General
Specification for

MIL-T-55164 Terminal Boards, Molded, Barrier, Screw Type, and

Aggociated Terminal Board Lugs, General Specification for
MIL-STD-1277 Splices, Terminals, Terminal Boardas, Binding Posts, Terminal
Junction Syatems, Wire Caps; Electrical
MS 27212 Terminal Boards, Assembly, Molded-in Stud, Electrie

3. Definitions. Not applicable.

4. Requirements

4.1 Terminals

4.1.1 Lug terminals. Lug terminalz shall conform to one of the following
gpecificationg, and wherever poazible shall he gelected from MIL-STD-1277.

MIL-T-7828 Crimp, Insulated and Noninsulated
MIL-T-15639 Solder
MIL-T-55158 Screw

4.1.2 8tud terminals, feed-through terminala, and binding pogtes, Stud

terminala, feed-through terminala and binding poats shall be zelacted from
MIL-STD-1277.

4.1.3 Number of wires per terminal or lug. The number of wires terminated in
an individual terminal or lug shall not be greater than three. Multisection
turret, bifurcated, or multi-hole lug tarminals ghall have not more than

---------- p W SuasiTawat voelllidsais al ARIT Ll

three wirea per section, tong, or hole. In no caze shall the total crozs
gectional area of the terminated wires exceed the cross sectional area

capacity of the terminal or lug. If a greater number of wires iz required
than thoese apecified herein, approval of the procuring activity shall be

LA . d
obLval

ied.
4.2 Terminal boards. Terminal boardsz shall be Belected from MIL-STD-1277.
REQUIREMENT 19

30 June 1089
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4.2.1 Number of lugs per terminal. The maximum number of lugs to be
connected to any one terminal on a terminal board ghall be two for screw-type
terminal boards covered by MIL-T-55164 and as specified in the detail
gpecification sheets for stud-type terminal boards. Not more than four lugs
shall be connected to any one terminal of a board covered by MS27212.
Accesgories guch as stud connectors, straddle plates, jumpers and terminal
board lugs shall be counted az lugs for this purpose.

4.3 Terminal junction gystemg. Terminal junction systems shall be gelected
from MIL-STD-1277.

8. Information for guidance only. Crimping of terminal luge should be go
accomplished that the connections will meet the registance (voltage drop) and
tengile gtrength requirements and testz of MIL-T-7628,
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REQUIREMENT 20
WIRE, HOOKUP, INTERNAL

1. Purpoge. This requirement establishesz criteria for the selection and
application of electrical internal hookup wire,

2. Documents applicable to Requirement 20:

QQ-W-343 Wire, Electrical, Copper (Uninsulated)

MIL-W-76 Wire and Cable, Hookup, Electrical, Insulated

MIL-W-50886 Wire, Electric, Polyvinyl Chloride Ingulated, Copper or
Copper Alloy

MIL-W-5848 Wire, Eleotriecal, Iron and Conatantan, Thermocouple

MIL-W-5846 Wire, Electrical, Chromel and/or Alumel, Thermocouple

MIL-W-5908 Wire, Electrical, Copper and Constantan, Thermocouple

MIL-W-16878 Wire, Electrical, Inaulated, General Specification for

MIL-W-18150 Wire, Ingulated, Hard Drawn Copper

MIL-W-227588 Wire, Electric, Fluoropolymer-Insulated, Copper or Coppenr
Alloy

MIL-W-81044 Wire, Electric, Crosaslinked Polyalkene, Crosslinked

Alkane-Imide Polymer, or Polyarylene Insulated, Copper onr
Copper Alloy

MIL-W-81381 Wire, Electric, Polyimide Inasulated, Copper or Copper Alloy

MIL-W-81822 Wire, Electrical, Solderlesg Wrap, Insulated and
fininsulated, General Specification for

MIL-STD-681 Identification Coding and Application of Hook-Up and Lead
Wire

3. Definitions. Not applicable.

4. Requirements

4.1 Selection. Internal hookup wire shall be selected from the types and
clagaes gpecified by the documenta listed in table 20-I. For solderleas wrap
applications, wires shall be selected which are in accordance with
MIL-W-81822.

4.1.1 MIL-W-76 shall be used for Army applications only.

4.1.2 MIL-W-16878 shall not be used for Air Force or Navy aeroapace
applications.

REQUIREMENT 20
30 June 1692
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uged in Air Force space and missile applications shall require the approval

of the procuring activity.

4.1.4 Wireg with polyvinyl chloride insulation ghall not be used in
aerospace applicationa. Uze of these wires in any other application requires
prior approval of the procuring activity.

lver plat ed copper wire shall not be used in applications involving
i

ln

J—t
L2
"G
.+

4.2 Identification. Hookup wires in the equipment shall be, insofar as
practicable, distinctly coded in color or numbered. Short hookup wire, 150
mm or less between termination pointas, need not be marked if the path of the
ghort wire can be easily and visually traced. The unmarked wire must be
specified on the drawing. Codes, when used, shall be in accordance with
MIL-STD-681 or ae otherwise agreed upcn with the procuring activity. Numbers
ghall not be uszed where they would be difficult to read or trace, such az in
compact assgzemblies.

¥4 .3 Bare wire. Bare hookup wire shall be type H class 8, soft or drawn and
annealed, and coated, and shall conform to QQ-W-343. Bare hcokup wire shall
not be wuged unless insulated wire is impractical because of circuit

characteristica or shortness of wire

nin
i aats a a3 .

J 4 %)

5. Information for guidance only

8.1 8olid or stranded., Stranded wire ghould be used for conductors and
cabies which are normaily flexed in use and servicing of the equipment, such
ag cables attached to the movable half of detachable connectora and hanging
cables attached to removable or movable doors and shielda. Leads 150 mm or
legg in length may be run asg solid wires unless they form interconnections
between ghock izolation mounted partes and nonshock isolation mounted parts.
There are gome other instances, such as wire wrapping, where a golid
conductor may be required regardleases of length.

5.2 Cold flow. Certain insulating materials exhibit a cold flow
characterigtio. Caution gzhould be uged in the geleotion of thezs materials
in applications requiring restrictive clamping or tying, ete, where thiz
feature may reault in exposed or shorted conductorg.

lection ot thermocouple wire ahall be in
i g

I -T- W V- AETT  mT a

L-W-5848, or MIL-W-5

~
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REQUIREMENT 21
CASTINGS

1. Purpcae. Thiz requirement establishes criteria for the design,
clasgification, inspection, and repair of castings.

2. Documents applicable to Requirement 21:

-

IL-STD-276 mpre
1L-STD-2175 gt

('-P"!

Im
] Ca

[
=]
]
(=S

3. Definitiong. Not applicable.

4. Regquirements

4.1 Die castings. Die castings shall not be used where the casting might be
subject to impact. Zinc alloy die castings shall not be used where
dimensional changes of the casting could affect use of equipment.

4.2 Poroug cagtinga. When required, castings shall be impregnated in
accordance with MIL-STD-276.

and ingpection. Castings ghall be clagaified and
noe with MIL-9TD-2178

A UEL IOk A v

4.4 Ingerts. Insert2 which are intended to be caat in place ghall be
knurled, grooved, or otherwiae prepared to secure satisfactory keying of the
ingert to the casting. Inaerts shall be fabricated from a material which lsa
not adversely affected by exposure to the molten casting alloy. When inaserts
are located near a casting edge, aufficlent edge distance shall be allowed in
order to develop the required resiatance to inaert pull-out, and to avold
cracking of the casting. Casting defects resulting from use of inserts, guch
ag partial alloying, poor bonda, porozity, and cracks shall not be present.

5. Information for guidance only

B.1 Selection and application. In any deasign utilizing metallic castings,
consideration should be given to intended application, the availability of
molding and caeting alloyes, the choice of a guitable casting proceass (see
table 21-I), and the use of ribe and fins.

REQUIREMENT 21
10 September 1087
21-1


http://www.abbottaerospace.com/technical-library

_ MIL-STD-454N

TABLE 21-1. General comparisgson of metallic casting procesgses.

. Suitability
Dimen- Ability to Suitability |Surface |[for large

Type of gional reproduce Tool|for volume gmooth- |zized
cagtings accuracy |fine detail [cogt{production [ness castings
Sand i 3 3 1

Die 1 I 3 1 1 3
Invegtment 1 1 3 2 1 3
Shell

mold 2 2 3 1 2 3
Permanent

mold 2 2 3 1 2 2
Plazter

mold 2 1 I 3 2 3

Legend: 1 = Very good; 2 = good; 3 = fair

5.2 Repair of unmachined castings. Repair of minor discontinuities or
defecte in unmachined or raw castings should be permitted only when specitic
approval has been granted by the contractor Material Review Board (MRR), or
ls specified on the engineering documentation. Weld repair should be limited
to clage 3 and clagsg 4 caatings (clasze 1 and claza 2 repair should require
procuring activity approval) and to areas where no severe stress will be
encountered. Heat treatable alloya must be fully reheat treated after welding
to meet drawing requirements.

8.3 Repair of machined castings. Repair of defects in machined castings
ghould be permitted for class 3 and class 4 castings based on the
contractor’as MRB decision. Clasas 1 and class 2 casting repalr sghould require
procuring activity approval. Reheat treatment should be required unleszs
engineering analygis during MRB action can demonztrate it is unnecessary.

21-2
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REQUIREMENT 22
PARTS SELECTION AND CONTROL
1. Purpoge. Thisz requirement offers guidance as to parte gelection and
control which must be considered when preparing contractual documents. IT
DOES NOT ESTABLISH REQUIREMENTS AND MUST NOT BE REFERENCED IN CONTRACTUAL

DOCUMENTS. Parts selection and control! muzst be directly specified in the
contract or the system/equipment specification, as appropriate.

2. Documenta applicable to Requirement 22:
MIL-STD-965 Parta Contrel Program

MIL-STD-1546 Parte, Materials, and Processes Standardization Control
and Management Program for Spacecraft and Launch Vehicles

3. Definitiong. Not applicable.

4. Requirements. Not applicable.

8. Information tor guidance only

5.1 Parte control program. MIL-STD-068 establisheas two procedures covering
the submizeion, review, and approval of Program Parts Selection Lists and
changes thereto. The objective ig to achieve life cycle cost savings and cost
avoldances by: (1) assisting equipment or egyztem managera and their
contractore in the selection of parts commensurate with contractual require-
mentg, (2) minimizing the variety of parte usged in new deegign, (3) enhancing
nterchangeability, reliability, and mainteinability of military equipment

and supplies, and (4) congerving resourcesz and (8) agauring long term
availability of parts. MIL-STD-965 must be tailored when applied;
application guidance iz offered in the document.

5.2 Parte control program for spacecraft and launch vehicles. (Not
applicable to NASA programs) MIL-STD-18546 eatablishea the criteria and
requirements for the preparation and implementation of a Parta, Materials,
and Procegses Standardization Contrel and Management Program for use during
the deaign, development, fabrication, and teat of apacecraft and launch
vehiclea. The implementation of this standard is intended to: (1) ass8ure
total, integrated, and coordinated management of the selection, application,
procurement, control and standardization of parts, materials and proceszes
(PMP), (2) reduce program costa, {(3) improve the ptandardization and
reliability of program parts, materials, and procesgses and (4) agsure long
term availabllity of parts.

REQUIREMENT 22
12 February 1988
22-1
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REQUIREMENT 23

ADHESIVES

1. Purpose. This requirement eatablishes guidance for the selection and
application of adhesives.

2.Documents applicable to Requirement 23:

MMM-A-121
MMM-A-130
MMM-A-132
MMM-A-134
MMM-A-138
MMM-A-181
MMM-A-189
MMM-A-1617
MMM-A-10831
MIL-A-3920
MIL-A-5840
MIL-A-8576

MIL-A-223897

MIL-A-24179
MIL-A-25463

MIL-A-46050

MIL-A-46146

MIL-A-47088
MIL-A-47315
MIL-A-47317

MIL-A-47318
MIL.-A-48811

p ALt

MIL-A-52184
MIL-A-81236
MIL-A-81283
MIL-A-83377

MIL-A-87%138
MIL-HDEK-801
26 CFR 1810

Adhegive, Bonding, Vulcanized Synthetic Rubber to Steel
Adhesive, Contact

At om o= d aem - o e |
nuneaive, DEH.D HEBLHLHHL, .H.J.I xrame i:lbl'u(.bultll., Nebd.l. Lo meuval

Adhesive, Epoxy Rezin, Metal to Metal Structural Bonding
Adheaive, Metal to Wood, Struotural

Adheaive, Phenol, Resorcinol, or Melamine Baae

Adhegive, Synthetic-Rubber, Thermoplastic, General Purpose
Adhesive, Rubber Bama, (eneral Purpoze

Adhesive, Epoxy, Silver Filled, Conductive

Adheagive, Optical, Thermoaetting

Adheslive, Polychloroprene

Adhegive, Acrylic Bage, for Acrylic Plastice

Adheaive, Phenol and Resopcinol Regin Bage (for Marine
Service Ugza)

Adhesive, Flexible Unicellular-Plastic Thermal Insgulation
Adhegive, Film Form, Metallic Structural Sandwich
Conatruction

Adhesive, Cyanocacrylate, Rapid Room-Temperature Curing,
Solventless

Adhegive-Sealante, Silicone, RTV, Non-Corroasive (for Use
With Sensitive Metals and Equipment)
Adhegive, Metal Filled, Conductive,
Adhegive, Polyurethane

Adhegive, Air Drying, Silicone Rubber

Adhegive, Copolymer Polyurethane
Adhoagiva QUﬂ+Am

Al S Ve =Ll S

Adhegive, Epoxy (for Bonding Glags Reinroreed Polyeater)
Adheaive, Epoxy Reazin With Polyamide Curing Agent
Adheaive, Modified Epoxy Resin With Polyamine Curing Agent
Adhesive Bonding {Structural) for Aerospace and Other
:ysr.ems I(EQUII‘EIIIEHEB for
Adhezives, Non-Conductive,
Adhezive Bonding

Code of Federal Regulationsa,
1810

Electrical and Thermal

a-To-Matal

angu-ﬂ]nnfnmnnin for 3la

for Electronica Application

Title 28, Chapter XVII, Part

REQUIREMENT 23

15 December 1980
23-1
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3. Definitions

3.1 Adhesives. Adhesgives are substances capable of holding materials
together by surface attachment. Adheaive iz a general term and includes,
among others, cement, glue, mucilege and pazte. All of theze terms are
ioogely used interchangeably.

4. Requirements. Not appliecable.

§. Information for guidance only

5.1 Design of joint. The joint should be designed to minimize concentrations
of stresa. The basic stress should be in shear. The weakest design ig where
the bagle streeg ig in cleavage or peel and non-axial loading in tenglon
produces cleavage.

5.2 Deleterioug effectg. The user should ascertain that the formulation of
the adhesive gelected will have no deleterious effects on the bonded amsembly
or nearby items when the bonded assembly ia in atorage, transit or use under
the environmental conditiona for which it waa designed. Deletericur effects
may be caused by the zlow relesase of trapped solvents which can damage many
types of rubber and plastic, or cause other harmful regults degrading
operation of the equipment.

5.3 Application. Care should be taken to aveid starved joints which are the
regult of either absorption of adhesive by a porous material, poor
application, inadequate coverage, or excessive pressure. Where one or both ot
the adherenda are poroug, gucceasive thin coats of adhezive sghould be applied
to completely seal the surface, and each coat should be dry before the next
ocoat 1a applied. This procedure should be used instead of the application of
one thick adhesive coat to the porous surface, except in the ca=me of ailicone
adheeives. In general, the thicker the adhesive layer, the lower the shear
regigtance, but the higher the strength to impact and peeling.

8.4 Structural compatibility. Adhesives which are not compatible
gtructurally should be avoided. For example, a brittle adheajve should not be
uaed for glasza bonding because excessive shrinkage during setting or curing
will load the glass in tension. For azaemblies whioh may be flexed or
gubject to impact, a brittle adheaive should not be used.

§.5 Carcinogens. Certain chemicalz have been identified in the Occupational
Safety and Health Act (0SHA) az cancer producing substances (carcinogena).
Before uzing any materials which might contain carcinogensz, they should be
evaluated in accordance with 26 CFR 10810. Consideration of the toxicity of a
gubstance should be given prior to material selection.

23
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5.6 Thermoplastic. All thermoplastic adhegives have a tendency to creep
under load, egpecially at elevated temperature, and should not be usged in
critical structural applications. Many thermoplastic adhezives have limited
or poor resgistance to certaln solvents.

5.7 Materials to be bonded. The materials to be bonded assume critical

importance ag there are gome materials, such aa fluerocarbon, polyethylene,
and nylon that cannot be bonded matisfactorily without prior treatment,

apecial adhesaives, or both.

5.8 QGuide for gelection and application. The following, although not a
complete list, may be umsed as a guide in selecting adhesives and bonding
procedures to meet desglgn requirements in electronic equipment.

MMM-A-121 MMM-A-1617 MIL-A-25463 MIL-A-48611
MMM-A-130 MMM-A-1631 MIL-A-46050 MIL-A-52104
MMM-A-132 MIL-A-3920 MIL-A-46146 MIL-A-81236
MMM-A-134 MIL-A-5540 MIL-A-47089 MIL-A-81283
MMM-A-138 MIL-A-8576 MIL-A-47318 MIL-A-83377
MMM-A-181 MIL-A-22397 MIL-A-47317 MIL-A-871356
MMM-A-189 MIL-A-24170 MIL-A-47318 MIL-HDBK-691

Many of theae gpecifications have no requirements pertaining to electrical
properties. Where electrical propertieg are important, the suitability of the
material for the application should be established.

23-3
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REQUIREMENT 24
WELDS, RESISTANCE, ELECTRICAL INTERCCONNECTIONS
1. Purpoge. Thia requirement establishes criteria for reatztance weldas of

electrical and electronic interconnections and part leads. This requirement
does not include structural welds.

2. Documents applicable to Requirement 24:
MIL-W-80386 Welding, Resistance, Electronie Circuit Modules
3. Definitiona. Not applicable.

4. Requirements. Welds and welding processes shall be in accordance with
MIL-W-8839.

8. Information for guidance only

5.1 Contaminanta. All surfaces of leads or parts to be welded should be
free of contaminants which would adversely affect forming of the welded
loint.

5.2 Electrical connections. Except where needed to meet electromagnetic
interference or system compatibility requirements, welded electricsl
connactiona should not be used where it may be neceszary to dizconnect,
replace, or reconnect a part or module during servicing.

5.3 Exceas conductor wire. Excess conductor wire ghould be trimmed
gufticiently close to provide adequate clearance to prevent poaaible
eiectrical shorting but not so cloBe ae to cause damage to the welded joint.

5.4 Strain relief. Each part lead terminating at a connection point should
have allowance for stirain relief to minimize tengile or shear astress.

REQUIREMENT 24
12 February 1088
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REQUIREMENT 25
ELECTRICAL POWER
1. Purpose. This requirement establighes eriteria for electrical power.

2. Documents applicable to Requirement 25:

MIL-STD-20% Frequencies for Electric Power
MIL-STD-255 Electric Voltages, Alternating and Direct Current
MIL-STD-704 Aireraft Electric Power Characteriztices

MIL-STD-1275 Characterigticg of 28 Volt DC Electrical Systems in
Military Vehiclesa

MIL-STD-1368 Interface Standard for Shipboard Syatemsa

MIL-STD-1539 Electrical Power, Direct Current, Space Vehicle Dezign
Requirements

3. Definitiona. Not applicable.

4. Requirements

4.1 Q@eneral. Except az szpecified below, the electrical power gounce
required for electronic equipment and associated equipment and for portions
of gystems employing electronic equipment zhall be in accordance with
MIL-STD-205 and MIL-STD-285.

4.2 Ajrborne. The electrical power requirementz for airborne and azsociated
equipment shall be in accordance with MIL-STD-704.

4.3 Shipboard. The electrical power requirements for shipbeard and
agzzoclated equipment ghall be in accordance with Type I or Type II of
Section 300 of MIL-STD-1388.

4.4 Space. The electrical power requirements for space equipment shall be

in accordance with MIL-5TD-1539.

4.5 Qround vehicles. The electrical power requirementa for military ground
vehicles shall be in accordance with MIL-STD-1275.

5. Information for guidance only. Not appiicable.
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REQUIREMENT 26
ARC-RESISTANT MATERIALS
1. Purpose. This requirement establishes critaria for the gelection and
application of arc-resistant materials uged for insulation of electrical

power circuits.

2. Documents applicable to Requirement 26:

L-P-516 Plagtic Sheet and Plastic Rod, Thermosetting, Cast

ZZ-R-765 Rubber, Silicone

MIL-I-10 Ingulating Compound, Electrical, Ceramic, Clase L

MIL-M-14 Molding Plastica and Molded Plagtic Parte, Thermosmetting

MIL-P-76 Plastic Rod and Tube, Thermoszetting, Laminated

MIL-P-097 Plagtic Material, Laminated Thermozetting, Electrical
Inaulation, Sheetz, Glass Cloth, Silicone Resgin

MIL-P-15037 Plastic Sheet, Laminated, Thermosetting, Glass-Cloth,
Melamine-Resin

MIL-P-18161 Plagtic Sheet, Laminated, Glaasas Cloth, Polytetra-
fluorocethylene Regin

MIL-M-24328 Molding Material, Plagtic, Epoxy Compounds, Thermosetting

MIL-P-25518 Plastic Material, Silicone Rezin, (Glasa Fiber Base,
Low-Pregsure Laminated

MIL-P-46112 Plaztic Sheet and Strip, Polyimide

FED-STD-406 Plagtics: Methoda of Tegting

ASTM D495-T73 Standard Method of Test for High-Voltage, Low-Current Dry
Arc Resistance of Solid Electrical Insulation Materials
29 CFR 1810 Code of Federal Regulationsz, Title 28, Chapter XVII, Part

10140
AT L

3. Detfinitions. Not applicable.

4. Reguirements. Materiala gshall conform to table 26-I. The materials
listed have pasased the minimum requirements of 115 szeconds when subjected
to the arc-resistance teat of ASTM D405 or Method 4011 of FED-STD-406, and
are listed in approximate order of arc rezigstance,

5. Information for guidance only

5.1 Applicationa. Materials may be masked, if necessary, during any
treatment of the equipment in which they are used which might result in
degradation of the arc-resiatant propertiea of the material. For parts which

mavy ha avnnpad tn nthan than high-vnltnda law-Arumnant anning tha motaniale
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ghould be evaluated for overall thermal and electrical characteristics.
Suitability for the specific application and the potential for satisfactory
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performance in elevated humidity, a8 defined in the detail equipment
gpecification, should alao be congidered.

5.2 Carcinogenz. Certain chemicalz have been identified in the Occupational
Safety and Health Act (0SHA) aa cancer-producing subatances (carcinogens).
Before using any materials which might contain these chemicals, they should
be evaluated in accordance with 289 CFR 1810. Conasideration of the toxicity
of a substance should be given prior to material selection.

TABLE 26-]. Arc-regigtant materials.

Materials Specification Types
Ceramic MIL-I-10 All
Plagtic(s), thermosetting, MIL-M-14 CMI-5, GDI-30, GDI-30QF,
Molding MAG, MAI-30, MAI-60,

MAI-100, MAT-30, MDG,

MME, MMI-5, MMI-30, MSG
MSI-30, SDbG, SDG-F, SDI-30
Molding, epoxy compounds MIL-M-24325 MEE

Laminated rods and tubes MIL-P-T79 GMG

Laminated sheets

Glasg cloth, melamine MIL-P-15037 GME

Glass cloth, polytetra- MIL-P-19161 GTE
fluorcethylene resin

@Glass cloth, gilicone MIL-P-997 G3G
resin

Low pressure laminate, MIL-P-25518 All

gilicone regin, glass
fiber bage

Sheet and rod, cast L-P-5186 E-2
Sheet and gtrip, polyimide MIL-P-481132 All
Silicone rubber Z2Z-R-765 All
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REQUIREMENT 27

BATTERIES

1. Purpose. This requirement establishes the criteria for the aelection and
application of batteries, including installation and marking criteria.

*2.

MIL-B-18

MiL-B-10154
MIL-B-11188
DOD-B-15072

MIL-B-49030
MIL-B-48430
MIL-B-48436
MIL-B-4B6458
MIL-B-49461
MIL-B-8B118
MIL-B-55130
MIL-B-55252
MIL-B-81787

MIL-B-83769
DOD-STD-1578

3. Definitions.

4. Requirements

4.1 Uae.
activity.

4.1.1

Documents applicable to

Requirement 27:

Batteries,
Batteries,
Batteries,
Batteries,

Non-Rechargeable, Dny

Primary, Water-Activated (Dunk Type)
Storage, Lead-Acid

Storage, Lead-Acid, Portable, General

Specification for (Metric)

Batteries,

Batteries,
Batteries,

Batteries,
Batteries,
Batteries,
Batteries,
Batteries,

Dry (Alkaline)

Non-Rechargeable, Lithium Sulfur Dioxide
Rechargeable, Nickel-Cadmium, Sealed
Non~Rechargeable, Lithium Manganese Dioxide
Non-Rechargeable, Lithium Thionyl Chloride
Storage, (Cellg), Vented, Nickel-Cadmium
Rechargeable, Nickel-Cadmium, Sealed
Magneaium, Dry

Batteries and Cells, Storage, Nickel-Cadmium, Aireraft,
@eneral Specification for

Batteries,

Storage, Lead-Acid, General Specification for

Nickel-Cadmium Battery Usage Practicea for Space Vehicles
Regulation 700-83, Army Materiel Command

Not applicable.

Batterliea sghall not be used unleas approved by the procuring

Army applications. Battery power for Army equipment (development and

non-development type) and other-service-developed equipment adopted by the
Army shall be selected in accordance with Army Materiel Command Regulation

700-83.

4.1.2

Space applications.

Batteriea for space applications shall be

gelected and applied in accordance with DOD-STD-1578.

4.1.3 Lithium batteries.
equipment, direction on their use, tranaportation, storage, and dispozal

When 1lithium batteries are to be uged In an

REQUIREMENT 2%
30 June 18862
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should be requestad through the procuring activity from the following
gourcesa:
For Army: US Army Laboratory Command

Electronice Technology and Devices Laboratory

ATTN: SLCET-P
Ft Monmouth NJ 07703-5302

For Navy: Department of the Navy
Naval Sea Systems Command
ATTN: NAVSEA 6852
Waghington DC 20362

For Air Force: Sacramento Alr Logistics Center
ATTN: MMIEC

MceClellan AFB CA 08652

4.2 Rechargeable batterieg. Rechargeable batteriez ghall conform to
MIL-B-11188, DOD-B-15072, MIL-B-45436, MIL-B-85118, MIL-B-55130, MIL-B-81757,
MIL-B-83769, or DOD-8TD-1578.

4.3 Nonrechargeable batteriea. Nonrechargeable batterieas shall conform to
MIL-B-18, MIL-B-10184, MIL-B-49030, MIL-B-495430, MIL-B-49458, MIL-B-468461, or
MIL-B-55282.

4.4 Installation marking. Connections, polarity, minimum acceptable
voltage for equipment operation, nominal voltage, and type(a} of batteries
required shall be markad az applicabhle in a prominent place on or adjacent to

the hattany ocompartment
WA - Sl ik W W R A ’ Ulura. o L

4.6 Warning label. Battery-powered equipment, with the exception of
equipment requiring permanent battery inatallation, shall be labeled
externally as follows:

WARNING
REMOVE BATTERIES BEFORE
SHIPMENT OR INACTIVE STOHRAGE
OF 30 DAYS OR MORE

Examples of equipment requiring permanent battery inatallation are gonobuoys,
miesiles, and fuses.
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disagsembly of the equipment. The battery compartment should prevent pressure
build-up from heat, gases, liquids, or chemicals released during battery
operation, charging, deterioration, or rupture, and should alzo prevent

such materials from entering the electronic compartment. When magnesium dry
batteries are umed, extra precautions should be obaerved since these
batteries give off heat at high rates of discharge (less than 10 hours) and

evolve hydrogen.
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REQUIREMENT 28
CONTROLS

1. Purpose. This requirement establishes criteria for the selection and
application of controls.

2. Documents applicable to Regquirement 28:

MIL-K-3926 Knobsg, Control (For Use with Electronic, Communications,
and Allied Equipment)
MIL-XK-28040 Xnob, Control, Equipment, Aircraft
MIL-D-28728 Dial, Control, Multiturn Countera, General Specification for

3. Definitions

3.1 Operating control. Operating controle are controle that may be required
for use during the normal operation of the eguipment.

3.2 Adjustment controls. Adjuastment controls are contrelsz that are used for

alignment and ecalibration of the equipment and are not used during normal
operation of the equipment.

4. Requirements

4.1 (eneral. All controls shall be marked, indexed, sized, and located =0
that the control position can be readily identified. Controls sghall have
tixed guide marks it pre-getting of the controla iz required. Controls
located adjacent to thelr amaociated displaye shall be go positioned that
operation of the control will not obscure the display. Controls shall be go
connected in the circuilt that the controlled characteristics (e.g.,
gengitivity, volume, or voltage) increage with clockwise rotation of the
control as seen from the operating position. In general, movement of a
control forward, clockwize, to the right, or up, shall turn the equipment on,
cauge the quaniity to increase or cause the equipment to move forward,
clockwige, to the right or up.

4.2 Accesgibility

4.2.1 Operating controls. Controls necessary for the operation of the
equipment shall be readily accessible, and unlegs otherwize specified shall
be located on the front panel of the unit.

4.2.2 Adjustment controls. Adjuatment controla that are required for
periodic alignment or calibration azhall be mounted behind covered openings,

REQUIREMENT 28
10 September 18687
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such as acceszsg doors, on the surfaces of the equipment accessible when
inztalled. When not adjustable by hand, controls gzhall be designed to accept
a common gorewdriver blade tip. Controlz which infrequently require
adjuatment need not be accessible from the operating panel, but shall be
readily accegasible for servicing when the equipment ie opened for maintenance
purpoges.

4.3 Mechanical characterigtics

4.3.1 Stops. Mechanical stops shall be provided for all adjustable
controlas, except controls designed for unlimited rotation. Where flexible
control shafts are employed, or where atope integral to the adjustable
control or the mechanism could be damaged by exceasive torque, astops ahall be
provided on the driving end of the zhatt.

4.3.2 Loocking devices. Control locking devicea shall be capable of
retaining the controls in any given setting within the range of control. The
locking and unlocking action shall be easily and quickly accomplished, and
ghall not affect the asetting of the control. When in the unlocked position,
the locking devices shall not interfere with the normal operation of the
control. Where vernier controle are used, the locking devices shall operate
on both main and vernier controls if necessary to prevent damage.

4.3.3 Nonturn devices. All nonturning controla and bodiez or casesg of
turning controls shall be equipped with a positive device to prevent their
turning in the panel or assembly on which they are mounted.

4.3.4 Shafta and couplings. Coupling between or to shafte ghall be
accomplished by means of metallic or inaulated couplingas rigidly secured.

4.3.5 Control knobs and handleg. Control knobs conforming to MIL-K-3826 or
MIL-K-25040 shall be used wherever suitable. For knobs not covered by a
military specification, color, tactile information, and flammability
requirementa ghall be in accordance with MIL-K-3826. Control knoba and
handles shall have high impact strength and shall be firmly secured to the
control shafta by uae of setscrewa wheraver that type of faatener is
applicable. Plastic knoba and handles shall have metal inserts for setacrews
and shall not warp or crack.

4.3.6 Multiturn counters control dialg. Manually operated multiturn
counters control dials shall conform to MIL-D-28728.

4,3,7" Stability. All controls shall be so degigned that the zetting,
poaition, or adjustment of any contrcl 2hall not be altered when the
equipment is subjected to the service conditiona specified in the detall
equipment specification.
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include "factory”™ or sealed adjustment controla, unleas gspecifically approved

by the detail equipment gpecification.

5. Information for guidance only

B.1 Arrangement and location. Controls should be arranged to facllitate
amooth and rapld operation. All controles which have zequential relations,
which are related to a particular function or operation, or which are
operated together szhould be grouped together along with their associated

Uillil oUuFsEs b airull 2 L1l LilcSlil aasuvcla

displays. Controls should be convenjently located with reaspect to associated
vigual displays. Controla should be of such size and sc spaced that the
manipulation ofa given control does not interfere with the setting of an
adjacent control. Adjustment controlz with required test pointg ghould be
grouped and 2o marked ag to provide for simpliicity and ease of maintenance.

5.2 Mechanical operation. Infrequently required controls should be
screwdriver adjuated. Play and backlash in controls should be held to a
minimum commensurate with intended operational functions and should not cause
poor contact or inaccurate msetting. Controls should operate freely and
smoothly without binding, scraping, or cutting. Controls may be lubricated
when lubrication doeg not interfere with operation and iz specified in the
detall equipment specification.

8.3 Shafts and couplings. Shafts subject to removal may have their
couplinga zecured by two set screwsz 80 to 120 degrees apart. Flexible
couplings may be used for controls where the uase of rigid couplings would
interfere with the satistactory operation or mounting of aueh controla.
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REQUIREMENT 28
ELECTRON TUBES

1. Purpoge. This requirement establishes criteria for the gelection and
application of electron tubes.

2. Document applicable to Requirement 20:
MIL-STD-200 Electron Tubes, Selection and Uszse of

3. Definitions. Not applicable,.

4. Requirementg. Electron tubez shall be melected and applied in accordance
with MIL-STD-200.

8. Information for guidance only. Not applicable.

REQUIREMENT 28
20 September 1988
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REQUIREMENT 30

SEMICONDUCTOR DEVICES

1. Purpoge. Thias requirement establishes criteria for the selection and
application of semiconductor devices.

2. Documentz Applicable to Requirement 30.

MIL-8-19500 Semiconductor Devicea, General Specification for
MIL-QTD-701 Ligte of Standard Samiconduntor Davipas

A was Al Urasdlariaa'Ud SFEAdL L wrsslanan, UL ¥ o i

MIL-STD-750 Tezt Methods for Semiconductor Devices
MIL-S8TD-1547 Parts, Materials, and Processes for Space and Launch
Vehicles, Technical Requirementg fop

3. Definitiong. HNot applicable.
4. Requirements.

4.1 Selection and application. Semiconductor devices shall be gelected and
applied in accordance with MIL-STD-70! and, for Space Divieion, AFSC (S8D),
MIL-STD-1547. :

4.1.1 BReliability. Discrete semiconductor devices in military systems
during full scale development and production shall, az a minimum, conform to
MIL-8-16500, product assurance JANTX level. JANS level shall be used for

gpace applications.

4.1.2 Order of Precedence. Unlezs otherwige gpecified, the order of
precedence ghall be ag followa:

4.1.2.1 For Packaged Devices:

a. MIL-5-19500 - Qualified semiconductors listed in MIL-STD-701.

b. Other MIL-S5-108500 - Other qualified semiconductors subject to
procuring activity approvals.

o Artdrr
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d. Other semiconductor documents (gee 4.1.3) subject to procuring
activity approval. All devicea ghall be goreened and tested in accordance
with 4.1.3.4.

4.1.2.2 For Dice:

REQUIREMENT 30
6 May 1001
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a. MIL-S-16500 JAN C program (See paragraph 1.2.1.2, Appendix H,

and detailed specifications).
b. Other semiconductor documentz subject to procuring activity
approval,

4.1.3 Qualified Devices. When the contract for a design apecifies the use
ol TX equivalent quality level or higher or DESC drawingas, and there ig a
JANTX, JANTXV, or JANS device avallable, the qualified JANTX, JANTXV, or JANS
geamiconductor shall be the only device authorized for use.

4.1.3.1 JANS Level. JANS level devices shall be used in gpace flight, and
ocritical applicationas for Space Division, AFSC (SD). When JANS level parts,
in accordance with MIL-8-108500, are not available or cannot be qualified by
the manufacturer, the requirementsz of MIL-STD-1847 shall apply in accordance
with procuring activity direction.

4.1.3.2 JANTX, JANTEV, and JANS Levels. JANTYE, JANTXV, or JANS level
devicea zhall be used in Army Missile Command, Army Laboratery Command, Naval
Air Systems Command and Air Force applicationz other than 8D space, launch,
and reentry equipment. When a quaiified JANTX, JANTXV device does not exist
and an active DESC drawing device of the required generic chip and package
type or cage outline does exist, the DESC drawing device shall be the
preferred device authorized for that design.

4.1.3.3 JAN Level. JAN level iz no longer authorized for new designs. When
JAN level does not exigt or is not available (for old desgign), the
appropriate substitutions shall be JANTY, JANTXV, or JANS when avatlable.
When JANTX, JANTXV, or JANS leve]l devices are not available, JAN level may be
used gubject to the procuring activity approval provided the devices are
gcreened per JANTX requirements of table Il and be tested in accordance with
requirements of table III (group A) and table IV (group B) of MIL-S-106500.

4.1.3.4 Other Semiconductors. When MIL-5-18800 qualified devices are not
available, other gzemiconductora may be used subject to procuring activity
approval. All devices ahall be ecreened and tested ag in 4.1.3.3 above.

All semiconductor devices used in equipment shall be

::'nlb
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T
v sealed in glaza, metal, metal oxide, ceramic, or a combiy

e inat
of thege. Use of plastie (organie or polymeria) enaapsulated or gealed
devices requirea the approval of the proouring activity.

8. Information for guidance only. Semiconductor devices are zusceptible to
electrostatic discharge damage. Appropriate discharge procedures ghould be
obzerved prior to handling theae parts, and design selections of deaired
devices should include a consideration of the effectiveneass of the input or
other protective elements included in the device deaign.
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REQUIREMENT 31
MOISTURE POCKETS

1. Purpoge. This requirement establishes criteria for the treatment and
drainage of moiasture pockets.

2. Documents applicable to Requirement 31. Not applicable.

3. Definitions. Not applicable.

4. Requirements. Where moizture pockets are unavoidable in unsealed
equipment, provision shall be made for drainage of such pocketa. Deslccants
or moigture-absorbent materiala shall not be used within moilsture pockets.

5. Information for guidance only

5.1 Pockete, welis, and traps. Pocketa, wells, traps, and the like in which
water or condensate could collect when the equipment ig in normal position
ghould be avoided.

5.2 Sealed equipment. In sealed equipment or amszemblies such ag waveguides,
the use of desiccanta or other methods, such as gas purging, is permitted.

REQUIREMENT 31

10 September 1887
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REQUIREMENT 32
TEST PROVISIONS
1. Purpoge. Thig requirement establishez criteria for test proviaions.

2. Documents applicable to Requirement 32:

MIL-8TD-415 Test Provisions for Electronic Systems and Associated
Equipment, Design Criteria for
MIL-8TD~216%5 Testability Program for Electronic Systems and Equipments

3. Definitions. Not applicable.

4. Requirements

4.1 Built-in test devices. Built-in test devices shall maintain their
accuracy under all operating conditiona required by the equipment under test.
These devices shall be provided with connections or accegs for their
operational checkout or calibration.

4.2 External test points. Protection shall be provided in the test point
cirouitry to prevent equipment damage caused by the external grounding of
teat points.

4.3 Fajilure effect. Unleas otherwize specified, provisions for testing ghall
be zo designed that any failure of built-in teast devicez will not degrade
equipment operation or cause equipment shut down.

4.4 Test provisiona. Test provisions to provide meansz for monitoring
performance, calibration, and fault lszolation shall be in accordance with
MIL-8TD-415.

5. Information for guidance only

5.1 Testability program. When specified by the procuring activity, a
teatability program should be implemented in accordance with MIL-STD-21685.

REQUIREMENT 32
12 February 1688
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REQUIREMENT 33
RESISTORS

1. Purpoge. This requirement establishes criteria for the aelection and
application of reaistors.

2. Documents applicable to Requirement 33:

MIL-T-23648 Thermigtor (Thermally Senzitive Reazistor), Inzulated,
General Specification for
MIL-8TD-19086 Resistora, Selection and Uze of

3. Definitiona. Not applicable.

4. Reguirements

4.1 Selection. Reaistora shall be selected and applied in accordance with
MIL-STD-100.

4.2 Thermigtora. Thermigtors shall conform to MIL-T-23648.

5. Information for guidance only. Not applicable.

REQUIREMENT 33
20 September 1988
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REQUIREMENT 34
NOMENCLATURE

1. Purpoge. Thise requirement establishes criteria for nomenclature (item name
and type designation).

2. Document applicable to Requirement 34:

MIL-STD-196 Joint Electronics Type Degignation System
3. Definitions. Not applicable.

4. Requirements. Item names and type designations for electronic equipment
ghall be eatablished in accordance with MIL-STD-108.

5. Information for guidance only. The assignment of type designations does
not congtitute approval of equipment or the uze aof a particular item in a
gpecific #et and doea not waive any requirements of the contract involved,
nor does the approval of the equipment constitute approval of the type
designation asaignment.

REQUIRMENT 34
12 February 1988
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REQUIREMENT 3§
RELIABILITY

1. Purpeose. This requirement offers guidance as to reliability requirements
which must be considered when preparing contractual documents. IT DOES NOT
ESTABLISH REQUIREMENTS, AND MUST NOT BE REFERENCED IN CONTRACTUAL DOCUMENTS.
Reliability program tasks, quantitative requirements, and verification or
demongtration requirements muat be directly specified in the contract or the
gyetem/equipment gpecification, as appropriate.

2. Documents applicable to Regquirement 35.

MIL-STD-721 Definitionz of Terms for Rellability and Maintainability

MIL-STD-786 Reliability Modeling and Prediction

MIL-S8TD-781 Heliability Deaign Qualification and Product Acceptance
Teats: Exponential Distribution

MIL-STD-785 Reliability Program for Systems and Equipment Development and

Production

MIL-STD-1629 Procedures for Performing a Fajlure Mode, Effects and
Criticality Analysis

MIL-HDBK-217 Reliability Prediction of Electronic Equipment

3. Detinitions. Not applicable.

4. Requirements. Not applicable.

5. Information for guidance only.

8.1 HReliability program. Reliability engineering and accounting tasks aimed
at preventing, detecting, and correcting reliability design deficienclies,
weak parts, and workmanship defects and providing reliability related
information ezaential to acquiszition, operation, and support management
should be included in contract requirements with the objective of
egtablighing and maintaining an efficient reliability program according to
life cycle phase. MIL-STD-785 is the overall program document for the area.
It is sectionalized into individual task statements and requires extenszive
tailoring when it is applied. Detailled application guidance az to the nature

6! the teglks and whan thayv ahauld he imnpzed iag nrnavidad Nehan maliahildd
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documents which may be invoked through MIL-STD-785 or which may be cited
directly as a bagig for contract requirements include MIL-STD-721,
MIL-3TD-786, MIL-8TD-7B}l, MIL-8TD-1628, and MIL-HDBK-217.

8.2 Quantitative requirementa. Quantitative reliability requirements and
verification or demonatration requirements should be established appropriate
to program phase.

REQUIREMENT 38
3 May 1091
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REQUIREMENT 36
ACCESSIBILITY
1. Purpose. This requirement establisghes criteria for accessibility.

2. Documentg applicable to Requirement 36:

MIL-STD-280 Definition of Item Levela, Item Exchangeabillty, Models,
and Related Termsa

MIL-8TD-721 Definitions of Terms for Reliability and Maintainability

MIL-STD-1472 Human Engineering Design Criteria for Military Systems,

Equipment and Facilities
3. Definitions

3.1 Accepaibdility. Accessibility ia as defined in MIL-STD-721.

3.2 Part, subassembly, and assembly. Part, subaasembly, and aasembly are ags
defined in MIL-STD-280.

4. Requirements

4. Access. Each article of equipment and each major subassembly forming a

part thereo! zhall provide for the necesaary accesa to ita interior parts,

terminals, and wiring for adjustments, required circuit checking, and the
removal and replacement of maintenance parta. Acceegibility for testing and
replacement does not apply to parta located in nonrepairable subazzembliesz or
asgemblies. For routine servicing and maintenance, ungoldering of wirez, wire
harnegges, parts or subassembliez shall not be required in order to gain
accese to terminala, soldered connections, mounting screws and the like.
Inspection windowe shall be provided where necessary. 5izez of openings,
maximum reach requirements, and allowable sizes and weighte of replaceable
aggemblies shall conform to limits establiahed in MIL-STD-1472.

4.2 Connectionsz. Connectione to parta inside a removable container shall be
arranged to permit removal of the container without threading connection
leade through the container.

4.3 Parte._ Parta which are identified as replaceable parte ghall not be
mounted by meang or riveta, spot welding, or hard curing compoundsz. No
unsoldering or soldering of connectiong ghall be necesesary when the front
panel or any subchazzis iz removed for maintenance purposes. Design shall be
guch that where plug-in modules or agsembliea are used, they can be eazily
inzerted in the proper location when correctly oriented without damage to
equipment or parts being engaged.

REQUIREMENT 36
12 February 1688
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4.4 Enclosures. Accessibility to chassis, assemblies, or parts contained
within cabineta, consoles or other enclosures zhall be provided from outaide
the basic equipment through the use of acceszg doors, by mounting such items
on withdrawal glidez, 2winging doors, through cable extenders and cable
retractors, provigions for circuit card extenders which will allow part or
module operation in the open position, or other arrangements to permit
adequate access for properly gervicing the equipment. Automatic or manually
operated lockse zhall be provided to lock the chazsis in the servicing
pogition. When withdrawal alides are used they shall be of guided sectional
congtruction with tracks and rollere. Complete removal and acosese for
gervicing of electroniec equipment contained within cabineta, consoles or
other enclosurea shall be provided from either the front or rear of the
equipment.. Guide pine or locating pina, or the equivalent, shall be provided
for mechanical alignment during mounting. Shipboard equipment sghall have
complete acceas for maintenance and gervicing from the front of the
equipment .

o 4
on F 3

4.5 Bolt-together racks and enclosures. For Navy ship and shore
applications, when bolt-together racka are required, faastening shall be
provided to bolt adjacent racks together at the top with external brackets
and through the bottom of the rack to a base or foundation. Bottom mounting
ghall be accegsible from the front with minimum disassembly of internal parts
or subaggemblies.

5. Information for guidance only

5.1 Compatibility. Equipment should be designed for optimum acceasibility
compatible with operating, maintenance, electromagnetic compatihility, and
enclogure requirements.

5.2 Parta. If, in order to check or remove a part, it 18 neceszary to
digplace zome other part, the latter part should bhe 20 wired and mounted that
it can be moved without being disconnected and without causing circuit
detuning or inetability.
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REQUIREMENT 37

CIRCUIT BREAKERS

1. Purpose. This requirement establishes criteria for the selection and
application of circuit breakers.

2. Documents applicable to Requirement 37:
MIL-STD-1408 Circuit Breakers, Selection and Use of

3. Detfinitions. Not applicable.

4. Requirements

4.1 Selection and application. Circujit breakers shall be selected from
MIL-3TD-1408. Trip-free circuit breakerz shall be used. Nontrip-free circuit
breakers shall be used only when the application requires overriding of the
tripping mechanism for emergency usze.

4.2 Manual opepration. Circuit breakers shall be capable of being manually
operated to the ON and OFF positions. Cipouit breakeraz shall not be uged a=z
ON-OFF awitches unless such breakera have been specifically designed and
tested for that type of service.

4.3 Poeition identification. Circuit breakers sghall have eazily identified
ON, OFF and TRIPPED pozitions except that the TRIPPED position may be the
game ag the OFF pogition with no differentiation between OFF and TRIPPED
being required.

4.4 OQrientation, Circuit breakers ghall operate when permanently inclined
in any direction up to 30 degrees from the normal vertical or normal
horizontal pesition. The trip point of an inclined unit shall not vary more
than + 8 percent of the current apecified for normal pozition mounting.
Circuit breakers used on flight equipment and portable teat equipment shall
operate within the limita of the detall specification when the equipment is
in any position or rotation about ita three principal axea.

5. Information for guidance only. Not applicable.

REQUIREMENT 37
20 September 1088
37
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REQUIREMENT 38
QUARTZ CRYSTALS AND OSCILLATOR UNITS

1. Purpose. This requirement establishes criteria for the selection of
quartz corystal units and corystal osclllators.

2. Documents applicable to Requirement 38:

MIL-0-55310 Qacillators, Cryatal
MIL-5TD-683 Crystal Units, Quartz; and Holdersz, Crystal

3. Detinitions. Not applicable.

4. Requirements

4.1 Quariz eoryastals. Quartz oryatal unitz shall be selected in accordance
with MIL-STD-683.

.2 C

ryetal cacillator units. Crystal oscillator units shall conform to
_N_.RR"Z
B A e

ta
in
40

8. Information for guidance only. Not applicable.
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REQUIREMENT 38
FUSES AND FUSE HOLDERS

1. Purpose. Thig requirement eatablishes criteria for the selection and
application of fuaeas, fuseholders, and associated hardware.

2. Document applicable to Requirement 39:

MIL-STD-1360 Fuaeg, Fuseholders, and Associated Hardware, Selection
and Uze of

3. Definittionz. Not applicable.

4. HRequirements

4.1 8Selection and application. Fusea, fuseholders, and asagocilated hardware
ghall be selected from MIL-8TD-1360.

4.2 Extractor post type fuaeholders. The locad shall be connected to the
fuseholder terminal that terminates in the removable cap aszembly

5. Information for guidance only

5.1 Branch circuits. Fusing should be so applied that fuses in branch
cirouita will open before the fuses in the main ecirouit.

5.2 Thermal considerations. Fuzes are thermally activated devices. In
general, time delay fuses are most susceptible to ambient temperature
extremes: current limiters the least.

§.3 Load current congiderations. Fuse ratings are in terma of HMS, not
average, line currents measured using true RMS reading instruments. Direct

current lines having a pulsating component should be measured using a true
RMS nnndiqg ingtrumant .

Al SR as SiiE Ui wsaie
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REQUIREMENT 40
SHUNTS

1. Purpogse. This requirement establigshes criteria for the selection of
external meter shunts.

2. Documents applicable to Requirement 40:

MIL-5-61 Shunt, Instrument, External, 50 millivolt (Lightweight Type)

MIL-1-1361 Ingatrument Auxliliaries, Eleatrical Measuring; Shunte,
Regiators, and Transformers

3. Definitiona. MNot applicable.

4. Requirements. External meter ghuntz shall conform to MIL-S8-61 or
MIL-I-1361, aes applicable.

5. Information for guidance only. Not applicable.
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REQUIREMENT 41

SPRINGS

This requirement esgtablishes criteria for the desgign,

gelection, and application of gprings.

%¥2. Documents applicable to Requirement 41:

QQ-5-766

QQ-W-321
MIL-S-7047
MIL-S5-13282
MIL-8-13572

MIL-C-19311
MIL-S-46049
MIL-C-81021

ASTM A20/A29M-
88

ASTM A228/
A228M-83

ASTM A313-87
ASTM A682-79
ASTM AB84/

AGB4M-86

ASTM B122-86

Steel, Stainless and Heat Resgiszting, Alloys, Plate, Shaet,
and Strip

Wire, Copper Alloy

Steel, Sheet and Strip (1005) Alrcraft Quality
Silver and Silver Alloy

Spring, Helical, Compression and Extension

Copper-Chromium Alloy Forgings, Wrought Rod, Bar and Strip
(Copper Alloy Numbere 182, 184 and 185)

Strip, Metal, Carbon Steel, Cold rolled, Hardened and
Tempered, Spring Quality

Copper-Beryllium Alloy (Copper Alloy Numbers C17500 and
€17810), Strip

Steel Bara, Carbon and Alloy, Hot Wrought and Cold
Finished, General Requiremente for

Steel Wire, Music Spring Quality

Chromium-Nickel Stainlemszs and Heat Resisting Steel Spring
Wire

Steel, Strip, High Carbon, Cold Relled, Spring Quality,
General Requirementz for

Steel, Strip, High Carbon, Cold Rolled

Plate, Sheet, Strip and Roller Bar, Copper Nickel Tin Alloy,
Copper Nickezinc (Nickel Silver), and Copper Nickel Alloy

REQUIREMENT 41
30 June 1892
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ASTM B139/ Bronze, Rod, Bar

B139M-90

ASTM B151/ Alloy (Nickel Silver) Copper Nickel Zink and Copper Nickel
B151-11.88 Rod and Bar

ASTM B194-88 Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar

ASTM B186/ Copper-Beryllium Alloy Rod and Bar

B1o6M-88 '
ASTM B187%/ Copper-Beryllium Alloy Wire

B197M-89

ASTM B206-864  Copper Nickel Zinc Alloy Wire and Copper Nickel Alloy WIre

ASTM B206M-87 Copper Nickel Zinc Alloy Wire and Copper Nickel Alloy Wire
Metric

~

A4
L4 =0}

)

Metals Handbook, Vol I (1978), American Society for Metals
3. Definitiong. Not applicable.
4. HRequirements

4.1 Helical gprings. Helical aprings shall conform to MIL-S8-13572.

4.2 Electrical contact gprings. Electrical contact gprings shall use
materials gelected from table 41-I.

1T ommdonds ahall ha metddak 1. =1 m ok oad  amem
4.3 (Carbon ste gpringg. Carbon steel springs shall be guitao.y plaiea or

finished to resi
5. Information for guidance only

5.1 Corrosion registing steel. Corrosion reaisting steel springs are
preferred where electrical conductivity iz not a conaideration and where
they

are adequate for the purpose intended.

5.2 Fatigue limits. Fatigue limitas of the gprings should not be adversmely
atfected by corrosion, cperating temperature, and other environmental

41
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conditiona in service. Fatigue limits should be consistent with the maximum
gpecified operating cycles for the respective part or equipment or, if such
iz not specified, with the maximum duty cycle to be expected during the
equipment gervice life.

R.3

o e et E t i - IO\-“& Y
should not be adversely afiected by corrosi
other environmental conditions in service.

nductivi

+ n +
I‘J A w
n, operating temperatur

ectpical condr

5.4 Enclosure. Where practicable, aprings ghould be enclosed in housings or
otherwige captivated in order to prevent broken pleces from entering and
advergely affecting the equipment.

8.5 Heat treatment. Springs made of materials that achieve their desired
properties by heat treatment, such as copper-beryllium alloys, annealed
carbon steels, CRES ateels, or heat resisting alloys, should be heat treated
to the specified temper after forming.

5.6 Qrain orientation. Flexure and forming of springa should be designed to
socur perpendicular to the grain of the material. Deviation from the

perpendicular should not exceed 45 degrees.

5.7 Documentz for specifying materials. When the materials lisated in tables
41-1, 41-11, and 41-III are used, they should conform to the gpecifications

listed for each material.
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*TABLE 41i-I. Materials for electrical spring application.
Material
Material Form Specification
Copper-nickel-zinc alloy {Plate, sheet, gtrip and ASTM B122
rolled bar
Rod, shapes and flat products QQ-C-586
with finighed edgea (flat ASTM B122
wire, strip and bar) ASTM B151
ASTM B206
Copper-beryllium alloy Barg and rod ASTM B196
Wire ASTM B197
Strip ASTM B194
Copper alloy Wire, spring QQ-w-321
Copper-cobalt-beryllium |[Strip MIL-C-81021
alloy
Copper-chromium alloy Bar, rod, and strip MIL-C-18311
Phosphor bronze Bar, rod, plate, sheet, gtrip,]! ASTM B139
and flat wire
Platinum-iridium alloy Strip ASTM B522
Silver-copper alloy Bar, rod, plate, gheet, strip,| MIL-S-13282
and wire
Palladium-copper alloy Metals

Handbook, Vol
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TABLE 41-II. Corrosion resisting steel for springs.

Material
Material Form Specification
g Steel, CRES Wire ASTM A313
Strip QQ-S-766

TABLE 41-III. Carbon steel for springs.

Material
Material , Form Specification
Steel, high carbon Wire, gpring, musgic ASTM A228
Steel, carbon and alloy Strip, cold rolled ASTM AGB2
(for gprings) untempered spring ASTM A684
Steel, carbon and alloy Bars, round, square ASTM A29
{for springs) and flat
Steel, carbon, gtrip Cold rolled, hardened MIL-5-46049
and tempered sgpring
Steel, carbon (1095) Sheet and gtrip A-annealed MIL-S-7947
{condition 1) H-hard temper
{condition 3) cold finished
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REQUIREMENT 42
TUNING DIAL MECHANISMS

1. Purpoge. Thie requirement establishea criteria for the dezign of tuning
dial mechanigmz.

2. Documents applicable to Requirement 42:

MIL-S-3644 Shaft Assembly, Flexible
MS33558 Numerals and Letters, Aircraft Instrument Dial, Standard
Form of

3. Definitiona. Not applicable.

4. Requirements

4.1 Dial. The division marking and lettering on tuning dials shall be
suitably etched or printed with characters of style MS833588. Dial markings
shall be legible at a distance of 0.6 meter from any point within a asolid
angle of 80 degrees defined by a surface of revolution about a linme through
the center of the dial and perpendicular to the panel. Minimum space between
charactersz ghall be one gtroke width. The width of the lubber line or pointer
tip #hail not exceed the width of the graduastion marke. Except for digital
tuning indicatorg, for which only one calibration number will be geen, dials
ghall he marked 2o that at least two calibration numbers on each band can be

geen at any dial getting.

4.2 Balance and friction. Weighted tuning knobs shall be counterbalanced.
Friction in tuning dial mechanism ghall allow smooth and eaay adjustment of
the operating knob over the entire operating range of the mechaniasm, but
ghall have gufficlient resigtance or shall incorporate a pogitive locking
device to maintain the getting under all specified gervice conditions.
Friotion ghall be achieved through dry or elastic resiatance rather than by

fluid resistance.

4.3 Flexible control ghafts. Flexible shaft aggemblies conforming to
MIL-8-3644 2hall be ugsed when a flexible mechanical connection iz required
between the tuning knob and the tuned device.

8. Information for guidance only

5.1 Tuning ratio. The tuning ratio used should be the optimum which will
permit both rapid and precize getting.

42
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REQUIREMENT 43

LUBRICANTS

Thie requirement establishez criteria for the zelection and

application of lubricants.

2. Documents applicable to Requirement 43:

VV-L-800

YV-P-236

MIL-L-2105

MIL-L-3150

MIL-L-39018

MIL-L-6085

MIL-L-6086

MIL-L-15719

and

MIL-L-17331

MIL-H-17672

MIL-L-23388

MIL-G-23827

MIL-G-241389

DOD-G-245808

MIL-L-46010

MIL-G-81322

Lubricating 0il, General Purpose, Pregervative (Water-
Digplacing, Low-Temperature)

Petrolatum, Techhical

Lubricating 0il, Gear, Multi-Purpoze

Lubricating 0il, Preservative, Medium

Lubricating 0il, Instrument, Jewel Bearing

Lubricating 0il, Instrument, Aircraft, Low Volatility
Lubricating 0il1, Gear, Petroleum Bace

Lubricating Grease (High-Temperature, Electric Motor, Ball
Roller Bearinga)

Lubricating 0il, Steam Turbine (Noncorrosgive)

Hydraulic Fluid, Petroleum, Inhibited

Lubricant, Solid Film, Alr Cured, Corrosion Inhibiting, NATO
Code Number 8-740

Greage, Aircraft and Instrument, Gear and Actuator Screw
Greage, Multi-Purpose, Quiet Service

Orease, High Performance, Multi-Purpose (Metric)
Lubricant, Cleaner, and Presgervative

Orease, Aircratt, General Purpoze, Wide Temperature Range

REQUIREMENT 43
185 August 1680
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MIL-L-81328 Lubricant, Solid Film, Extreme Environment, NATO Code Number
8-1737
29 CFR 1910 Code of Federal Regulationg, Title 28, Chapter XVII, Part

1910
3. Definitions. Not applicable.

4., HRequirements

4.1 General. Lubricants shall conform to one of the following:

VV-L-B00 MIL-L-6086 MIL-G-24138
VV-P-238 MIL-L-18718 DpOD-G-24508
MIL-L-2108 MIL-L-17331 MIL-L-48010
MIL-L-3180 MIL-H-17672 MIL-G-81322
MIL-L-3918 MIL-L-23308 MIL-L-81326
MIL-L-6085 MIL-G-23827

4.2 Silicones.

Silicone compounde shall not be used a2 lubricante.

4.3 QGraphite bagse lubricants. AQdraphite bage lubricants shall not be used.

8. Information for guidance only.

5.1 Variety. The number of different lubricantz should be held to a
minimum,

5.2 Volatility. Low volatility lubricanta should be uszed where practical.

§.3 Compatibility. The lubricant should be chemically inert with regard to
the materialas 1t contacts.

5.4 Carcinogens. Certain chemicals have been identified in the occupational
Safety and Health Act (0SHA} as cancer-producing substances (carcinogens).
Before using any materialas which might contain thege chemicala, they ashould
be evaluated in accordance with 20 CFR 1910. Consideration of the toxicity
of a subatance should be given pricr to material melection.
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REQUIREMENT 44
FIBROUS MATERIALS, ORGANIC

1. Purpose. Thie requirement establiszhea criteria for the selection and
application of organic fibrous materials.

2. Documentz applicable to Requirement 44:

v-T-276 Thread, Cotton

V-T-285 Thread, Polyeater

v-T-201 Thread, Linen

V-T-208 Thread, Nylon

CCC-C-428 Cloth, Duck, Cotton; Fire, Water, Weather, and Mildew
Registant

MIL-W-8530 Webbing, Textile, Cotton, General Purpose, Natural or in
Colors

MIL-C-572 Cords, Yarng, and Monofilaments, Organic Synthetic Fiber

MIL-T-3530 Thread and Twine, Mildew Resistant or Water Repellant
Treated

MIL-W-4088 Webbings, Textile, Woven Nylon

MIL-C-0074 Cloth, Laminated, Sateen, Rubberized

MIL-W-27265 Webbing, Textile, Woven Nylon, Impregnated

29 CFR 1810 Code of Fedaral Regulationz, Title 29, Chapter XVII, Pant
1910

3. Definitions. Not applicable.

4. Requirements

4.1 Webbing

4.1.1 Cotton. Cotton webbing shall conform to MIL-W-530, class 4 or 7. Claszs
7 shall be used when webbing will come in contact with natural or gynthetic
rubber or clasa 4 when prolonged contact with the gkin may occun.

4.1.2 Nylon. Nylon webbing shall conform to MIL-W-4088 or claza R of
MIL-W-27268.

4.2 Cotton duck. Cotton duck used for protective enclosures ashall conform to
type I or type II of CCC-C-428. Medium texture number 4 shall be used for
heavy duty service and hard texture numbar 12 shall be u=zed for gervices
requiring light welght.

4.3 Thread. Thread shall conform to V-T-276, V-T-285, V-T-201, or V-T-208.

REQUIREMENT 44
8 May 1091
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4.3,1 Treatment. Cotton and linen thread shall be treated in accordance with
MIL-T-3530. Type I, clasg 2 mildew .inhibiting agent shall be uged when thread
will come in contact with natural or aynthetic rubber or type I, claze 1 when
prolong contact with the skin may occur.

teen shall conform to

nged contact with the

4.4 Sateen. Laminated, two-ply rubberized cotton =a
olo

MIL-C-007T4. This gateen shall not be used when pro
gkin may occur.

4.8 (Cordas, varn, and monofilamente. Corda, yarns, and monofilamentz shall

conform to MIL-C-572. Types PVCA, AR, VCR, and CTA shali not be used where
they may be exposed to fungus attack

5. Information for guidance only

5.1 Ehrinkage. Fabric and thread should be preshrunk or allowance ghould be
made for shrinkage in order to provide for zatisfactory fit of finished iltems
both before and after they are immersed in water and then dried.

] 0 Canpingsg
o . WO O AU E aib v
e

o n in n
Safety and Health Aect (OSHA) ae cancer producing gsubstances (carcinog na)
Before using any materials which might contain theae chemicalz, they should
be evaluated in accordance with 29 CFR 1810. Conszideration of the toxicity of
a zubatance should be given prior to material selection.
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REQUIREMENT 45
CORONA AND ELECTRICAL BREAKDOWN PREVENTION

1. Purpoge. This requirement establishes criteria for the prevention of
corona and electrical breakdown,

2. Documents applicable to Requirement 45:

ASTM D149-87 Dielectric Breakdown Voltage and Dielectric Strength of
Solid Electrical Insulating Materials at Commercial Power
Frequenciaesg

ASTM D1868-81 Detection and Measurement of Partial Digcharge (Corona)
Pulzes in Evaluation of Insulation Systems

3. Definitio

ong

3.1 Corona {air). A luminous disgcharge due to ionization of the air
gurrounding a conductor cauged by a voltage gradient exceeding a certain
critical value, called the partial discharge (corona) inception voltage

oy

{CIV).

3.2 Partial discharge (corona) inception veltage (CIV}). The lowest rma
voltage at which continucus partial discharges above some stated magnitude
(which may define the limit of permissible background noise) cccur as the
applied voltage ig gradually increased.

3.3 Partial disgcharge (corona) extinction voltage (CEV). The highest rms

voltage at which partial discharges above some ztated magnitude no longer
goour ag the nnnlvnd voltade id ﬂfﬂdjﬂ]‘“ decreadged from above the inggptign

W W was Yaii 42T FVaVaEn = Sasy WMTWITOROTW

voltage.

3.4 Breakdown. A disruptive digcharge through insulatioﬂ. involving a sudden
and large increasge in current through the insulation becausze of complete
failure under electrostatic stress. Also calied puncture.

4. BRequirements

4.1 (Corona prevention. The CEV shall be at least 150 percent of the peak
circult voltage, corresponding to the maximum specified szteady-atate rms
supply voltage. Thie requirement appliea:

a. When the equipment is terminated with the cabling or other accessory
quipment with which it iz intended to be uzed and

a pradn s ¥Wa Wed rradatmii 4 W az 4 W aata e _—— =

fb

L Y el rl Y trh tiss]
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c. When the equipment is supplied with the specified power source frequencies
and voltages including commonly recurring tranzients.

4.2 Electrical breakdown prevention. The equipment shall be designed and
manufactured with electrical clearance spacing, leakage {creepage) distances,
and insulation characterigtics adequate to prevent electrical breakdown. This
requirement appliea under all apecified environmental service conditions

including service life and uging the specified operating voltages (including
trangients). Liquid dielectrica, gazes other than air, or pressurization to
prevent electrical breakdown shall not be used unless approved by the
procuring activity.

5. Information for guidance only

§.1 Effects of corona. Corona occurring at the interface of an insulator and
a metal can damage or reduce the life of an insulating system. In general,
inorganic insulating materials are more resistant to the damaging effecte of
corona than organic insulating materiala. Corona also generates
electromagnetic interference and liberates ozone, a toxie, oxidant ga=s.

5.2 Insulation gystemas. Corona can occur within cavitiez between an
ingulating material and & metal surface which are in contact. Therefore, care
ghould be exercised to avoid cavities at such interfaces where high voltages
are encountered.

5.3 Metal parts. Sharp edges and points should be avoided on metal parts
which are included in high intensity electric fields

5.4 Corona testing. There are many factorz which determine whether or not
corona will occur, including temperature, humidity, amblent preszsgure, teat
apecimen shape, rate of voltage change and the previouz history of the
applied voltage. Teast methods such as ASTM D1868 may be used but the test
results lack accuracy and repeatability and require great care due to the
peraonnel hazards involved.

5.5 Electrical breakdown tezting. The breakdown voltage of a given
insulating material is dependent upon electrode gize and ghape, insulator
thicknegg, temperature, humidity, rate of voltage application, voltage
waveform and voltage frequency. When teating, care muat be exercized to

aggupe that the 1nﬂn]n!-in6 matenial is evaluated under the actual

aiva w PR LI-RSF R-RVF B [T —F 8 X -] s A Al LEL L.

environmental conditions which apply to the equipment and that the occurrence
0f{ corona or localizad heating does not magk the true breakdown voltage. A
test usable at power frequencies (25 to 800 Hz) is ASTM D1490.
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REQUIREMENT 46

MOTORS AND ROTARY POWER CONVERTERS

1. Purpose. This requirement esatablighes criteria for the gelection and
application of motors and rotary power converters.

*2. Documents applicable to Requirement 46:

MIL-D-24
MIL-(3-3111
MIL-G-3124

MIL-M-4820

MIL-M-8609

MIL-F-B367

MIL-M-17058

MIL-M-17080

MIL-M-17413
MIL-M-17556

MIL-M-18087
MIL-M-18160

MIL-M-19633

MIL-B-23071

3. Definltionsa.

Dynamotors, @General Specification for

Qenerator, Electriec, Direct Current (Naval Shipboard Usze)
Generator, Alternating Current, 60 Cycle (Naval Shipboard
Uae)

Motor-Generator, Skid Mounted, Type MD-4

Motor, Alternating Curr

Yy
Aireratt, (General Specificat
Motors, Direct Current, 28 Volt System, Aircraft, (eneral
Speci!icatian for
Frequency Converter, Mobile, Type MC-14A
Motor, 60 Cycle, Alternating Current, Fractional Horsepower
(Ehipboard Uze}
Motorz, 60 Hertz, Alternating Current, Integral Horsepower
(Shipboard Use)
Motora, Direct Current, Integral Horszepower, Naval Shipboard
Motor, Direct Current, Fractional Horaepower, (Shipboard
Uze)
Motor-Generatorg, DC to AC, Shipbocard Service
Motor-(enerator, 60 Hertz AC to 400 Hertz AC, Shipboard

Casmerd ma

=CI'ViIUVC

Motor-Generator, 60 Cycle AC to 400 Cycle AC (Voltage and
Frequency Regulated) Shipboard Service

Blowers, Miniature, for Cooling Electronic Equipment,
General Specification for

Not applicable.

4. Requirements

#4.1 Motors - alternating current. Alternating current motors shall conform
to MIL-M-7068, MIL-M-17089 or MIL-M-17060, except that any motor used with a
miniature blower for cooling electronic equipment shall be in accordance
with MIL-B-23071.

IREMENT 46

REQUI
30 June 1993
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*4.2 Motorg - direct current. Direct current motors shall conform to

MIL-M-8609, MIL-M-17413 or MIL-M-17556.

*4.3 Motor-generatorg. Motor-generators shall conform to one of the
following: '

MIL-M-4820 MIL-M-10160
MIL-M-8307 MIL-M-19633
MIL-M-1909%

conform to MIL-G-3124.

4.4 (@enerators - alternating current. Alternating current generators shall

4.8 @enerators - direct current. Direct ocurrent generators zhall conform to
MIL-G-3111.

4.6 Dynamotora. Dynamotore shall conform to MIL-D-24.

8. Information for guidance only. Not applicable.

s
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REQUIREMENT 47
ENCAPSULATION AND EMBEDMENT (POTTING)
1. Purpose. This requirement establishes criteria for encapsulating and
embedding (potting) a part or an amsembly of discrete parts. Conformal

coating of printed circuit assemblies is excluded from thiz requirement.

2. Doouments applicable to Requirement 47:

MIL-5-8516 Sealing Compound, Polysulfide Rubber, Electric Connectors and
Electric Systemz, Chemically Cured

MIL-I-18923 Ingsulating Compound, Electrical, Embedding

MIL-8-23548 Sealing Compound, Electrical, Silicone Rubber, Accelerator
Required

MIL-M-24041 Molding and Potting Compound, Chemically Cured, Polyurethane
(Poiyether Based)

MIL-I-81550 Ingulating Compound, Electrical, Embedding, Reversion
Resiztant Silicone

29 CFR 1910 Code of Federal Regulations, Title 28, Chapter KVII, Part
1610

3. Definitions

3.1 Encapgulation. A procese for encaging a part or an aggemb 1

A an 1
e A& Aidite S pras s a2 A wmRmED WD Sl el Fe2

a
parts within a protective material which is generally not ovenr
and doee not require a mold or container.

3.2 Embedment (potting). A process for encasing a part or an assembly of
discrete parta within a protective material which ig generaily over 2.3 mm
thick, varies in thickness, fills the connecting areas within an aagembly,
and requires a mold or container to confine the material while it is
hardening. Potting is an embedding proceass where the protective material

bonds to the mold or container 2o that it becomes integral with the item.

4. Requirements. Encapsulation and embedment materials shall be of a
nenrevergion type and ghall be selected from the following specificationa:
MIL-S-8516, MIL-I-16023, MIL-8-23586, MIL-M-24041, and MIL-I-81850. The

matarialg gelantad ghall ha nanzhla nf fiT‘inﬁ all uvnide and ain apaces in

e el b Al DT A e Vel daive s s p=wat Ya aaamss TAe A Foawatam Sal =i

and around the items being encased For Air Force applications, approval for
uge of any material other than transparent gilicone in accordance with
MIL-I-818580 shall be requested through the procuring activity from the Wright
Research and Development Center, ATTN: MLSE, Wright-Patterson AFB OH

A anm_aspnn

5. Information for guidance only

REQUIREMENT 47
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5.1 Selection. The following points should be considered when selecting an
encapsulation or embedment material:
a. Need for precautions due to hazardous characteristica of the material
b. Electrical, mechanical and thermal properties, including tear resiztance,
registance to flame, chemicalsz, moisture, water, humidity, fungus, and
temperature extremes
c. Color or transparency
d. Disgipation factor
e. Specific gravity
1. Shrinkage
g. Heat distortion parameters
h. Stresses on parts
i. Durometer hardness
j. Adhesion to substrates (and priming)
k. Temperatures of application and curing
1. Repairabllity
m. Dielectric constant
n. Volume resistivity
o. Reverglon rezistance, including hydrolytic stability
p. Viscosity
q. Solvent affects
r. Compatibllity with parts or azsembliea to which applied.
5.2 Application. The encapaulation or embedment of micrcelectronic modules
and equipment modules ghould be avoided, except where gpecifically indicated

by the requirements of & particular application. In such instancesa, the
module deaign should be completely verified for the particular encapasulation
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or embedment materials and procesgsesz to be employed. Any changes in module
degign, materials, and procesgses may require re-evaluation of the modules. In
particular, extreme temperature aging and temperature cycling tests should be
performed to verify adequacy of the dezign. Wherever economically feagible,
the module to be encapsulated or embedded should be designed as a throw-away

unit.

5.3 Carcinogeng. Certain chemicals have been identified in the Occupational

Safety and Health Act (0OSHA) as cancer-producing gubstances (carcinocgens).
Ratopa uging any materialg whioch misht contain thegme nhnm‘lnn'ln the},’ gshould

MLTIULMVT WUOLilp Sily MM uCiliGid WAL LoV LU UGLH VUTOU LaUdawita

be evaluated in accordance with 28 CFR 1810. Consideration of the toxiecity
of a substance should be given prior to material =zelection.
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REQUIREMENT 48
GEARS

1. Purpose. Thie requirement establishes criteria for the selection and
application of geara.

2. Documents applicable to Requirement 48:

Index American (Gear Manufacturers Asmsociation (AGMA)

3. Detinitions. Not appliecable.

4. Requirement. Gears not operating in a lubricant bath shall be made of
corrogion resistant materials. Qears operating in a lubricant bath containing
a corroslion inhibiting additive may be made of noncorroslon reaistant
materials.

5. Information for guidance only

5.1 Designation. @earz should be degignated, dimensioned, toleranced
and inspected in accordance with the applicable AGMA apecifications.

5.2 Planetary or epicyclic gearing. Planetary or epicyclic gearing is
preferred to worm gearing.

5.3 MNonmetallic gears. Nonmetallie gears may be used when they meet
load, life, and environmental requirements of the appliecable
gpecification.

REQUIREMENT 48
i0 September 1887
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REQUIREMENT 49

HYDRAULICS

1. Purpoge. This requirement establishes criteria for the design and
installation of a hydraulie system when it functionz as an integral part of

an electronlic gystem.

2. Documents applicable to Requirement 48:

MIL-H-B8440

MIL-H-8881

MIL-H-25475

ANSI

ANSI
ANSI

ANS]I

ANSI

ANSI

ANSI

ANSI

ANSI
ANSI
ANSI

ANSI
ANSI

BO3.

BO3.
BO3.

BO3.

BO3.

BO3.

B8O3.

B93.

BB3.

BO3.

BO3.

SAE
SAE

1-1964

2-1971
3-1068

4M- 1981

5-1879

6-1072

7-1068

8-1088

BM-1669
10-1668
11M-10681

J514¢
JBlée

Hydraulic Systems, Airoratt, Types I and II, Degign,
Inatallation, and Data Requirementaz for

Hydrauljic Systems, Manned Fiight Vehicleas, Type III,
Design, Installation, and Data Requirementz for
Hydraulic Systems, Missile, Design, Installation,
Tests, and Data Requirements, General Requiremente
ton

Fluid Power Cylinders, Dimension Identification Code
for

Fluid Power, Glossary of Terme for

Cylinder Bore and Pigton Rod Sizeg for Fluid Power
Cylinders

Electric Resistance Welded Mandrel Drawn Hydraulie
Line Tubing

Uze of Fire-Resgistant Fluids for Fluid Power Systems,
Practices for the

Mounting Flanges and Shatfts for Pogitive Digplacement
Fluid Power Pumps and Motors, Dimensions and
Identification Code for

Mounting Surfaces of Sub-Plate Type Hydraulic Fluid
Power Valves, Dimenaions for

Bore and Rod Size Combinationg and Rod End
Configurations for Cataloged Square Head Industrial
Fluid Power Cylinders

Symbols for Marking Electrical Leads and Portz on
Fluid Power Valvesz

Static Prezsure Rating Methoda of Square Head Fluid
Powepr Cyclindere

Seamlezs Low Carbon Steel Hydraulle Line Tubing
Hydraulic Tube Fittinga

Hydraullie Flanged Tube and Hose Connectionz, 4 Bolt,
Split Flanged Type

3. Detinitionse. Not applicable.

4. Reguirements

REQUIREMENT 48
10 September 1987
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4.1 Aircraft or manned flight vehicles. The deaign and installation of
hydraulic systems for aircraft or manned flight vehicles shall conform to the
applicable type and clags or ayatem described in MIL-H-5440 or MIL-H-8801.

4.2 Misgilez. The dezign and installation of hydraulic systems for missiles
ahall aonfarm ta tha annlicahle tvna and onlaga of gvugtem gshown In

(=X 11 = W Wl & WA AH oW o b e “rr‘ﬁ\-bﬁu“— I'Jr"— =TI e ol Tl Bl - . Y RS N Am aa - AS T TTAS -a-n
MIL-H-25475.

8. Information for guidance only. The following documents contain additional
information on hydraulic desgign:

ANSI BB3.1 ANSI B83.8
ANSI B83.2 ANSI BO3.OM
ANSI B83.3 ANSI BO3.10
ANSI B83.4M ANSI BO3.11M
ANSI B93.58 ANSI BSAE JG514
ANSI B93.6 ANSI SAE J518
ANSI B83.%7
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REQUIREMENT 50
INDICATOR LIGHTS

1. Purpose. This requirement establighez criteria for gelection and
application of indicator lighte and amssociated items.

2. Documentg applicable to Requirement 50:

MIL-L-3661 Lampholderse, Indicator Lightas, Indicator-Light Housinge, and
Indicator-Light Lensea, General Specification for

MIL-L-6363 Lamps, Incandeacent, Aircraft Service, General Requirements
for

MIL-L-7806 Light, Panel, Plastic Plate Lighting

MIL-L-7661 Lights, Indicators, Preas to Test

MIL-L-15088 Lamp, Glow, General Specification for

MIL-8-18500 Semiconductor Devicez, General Specification for

MIL-STD-1472 Human Engineering Dezign Criteria for Military Syatems,
Equipment and Facilities

3, Definitions. Not applicable.

4. Requirements

4.1 Lights and accesgsorieg. Indicator lights, indicator 1ight housinga,
lampholders, lenses, and lampg shall be gelected in acoordance with table
80-I.

4.2 Vigual digplay and legend lights. Visual display and legend lights shall
comply with the requirements in MIL-STD-1472.

4.3 Light emitting diodes (LED’'z). LED'a when used ag indicator 1ights shall
conform to the applicable detall specifications of MIL-8-16500.

8. Information for guidance only. Not applicable.

REQUIREMENT 50
1 May 1891
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Indicator lighte and agsociated ftems.

MIL-L-
3661

MIL-L-
1808

MIL-L-
7961

MIL-L-
6363

MIL-L-
15098

MIL-8-
16500

WL-
00111

W-L-
00116

Indicator lights

X

X

X

Indicator
light housings

Lamp holders

Lenges

Incandescent
lampg, general
purpose

Incandescent
lamps, gevere
environmant

Beon lamps

Fluoredcent
lamps
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REQUIREMENT 51
METERS, ELECTRICAL INDICATING

i. Purpoge. This requirement establizhes oriteria for the selection and
application of electirical meters.

2. Documents applicable to Requirement 51:

MIL-M-7793 Meter, Time Totalizing

MIL-M-16034 Meter, Electrical Indication {Switchboard and Portable Typee)
MIL-M-161285 Meters, Electrical, Frequency

MIL-I-81218 Indicator, Elapsed Time, Electrochemical

MIL-STD-1279 Meters, Electrical Indicating, Selection and Uze of

3. Definitions. Not appliecable.

4. Requirements. Meters shall be selected and applied in accordance with
MIL-8Tb-1279. Meterz required other than thosze listed in MIL-8TD-1278 shall
conform to one of the following specificationa: MIL-M-7793, MIL-M-16034,
MIL-M-16128, MIL-I-81219.

8. Information for guidance only. For analog meters, the normal operating
value of the quantity to be indicated should be between 1/3 and 3/4 of full

goale deflection, wherever practicable.

REQUIREMENT 51
20 September 1888
51-1
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REQUIREMENT 52
THERMAL DESIGN

l1. Purpogse. Thisz requirement establishes criteria for thermal design.

2. Documents applicable to Requirement 52:

F-F-300 Filter, Alr Conditioning, Viscous-impingement and Dry Typez,
Cleanable

MIL-F-16852 Filter, Air Environmental Control Syastem, Cleanable,
Impingement (High Velocity Type)

MIL-B-23071 Blowers, Miniature, for Cooling Electronie Equipment,

@eneral Specification for
MIL-HDBK-281 Reliability/Dezign, Thermal Applications

3. Definitions

3.1 Auxiliary heating or cooling. External heating or cooling devices not
normally part of the equipment configuration.

3.2 Cold plate. A heat transfer surface cooled by forced air or other heat
transfer fluid to which heat dissipating parts are mounted.

3.3 Contaminant. Any foreign substance contained in air or other heat
trangfer fluid which adversely affecte cooling performance, guch az dust
particles, lint, oil, sludge, eto.

3.4 Direct impingement. Pazmsing cooling air over partas without the use of
cold plates or heat exchangers.

3.5 Entrained water. Water condensed from the cooling air and carried along
with the cooling air.

3.6 External gource supplied cooling air. Forced air supplied from a
conditioning source such aa an air conditioner or aircraft environmental
control gystem which is not normally a part of the electronic equipment.

3.7 Forced air cooling. The disgipation of heat to cooling air, including
ram ain, supplied by a source with sufficient pressure to flow through the
unit.

3.8 Heat axchanger. An air-to-air or liquid-to-air finned duct arrangement
which iz used to transfer dizsipated heat from a hot recirculating fluid teo
the cooling tluid by conduction through the finned surfaces.

REQUIREMENT 52
30 June 1989
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3.9 Natural cooling. The disgipation of heat to surroundings by conduction,
conveotion, radiation, or any combination thereof without the benefit of
external cooling devices.

3.10 Part. An element or component used in the production of an electronic
equipment or subaystem, such as a microecircuit, diode, tranziztor, capacitor,
resistor, relay sawitch, or transformer.

3.11 Pressure drop (differential pressure)_  Rezsiastance to flow usually
meagured as the static pressure difference acrogag the electronic equipment
from inlet to coolant cutlet.

4. Requirements

4.1 Forced air cooling. Forced air cooling ahall be used only when natural
cooling is not adequate. Exhaust and recirculating fanz and blowers ghall be
driven by ac brushlegs motors or by properly shielded dec motora. Miniature
blowerg ghall conform to MIL-B-23071. Air filters shall be provided for air
intakes for fan and blower cooled units when required to protect internal
parts. Filters, when used, shall conform to F-F-300 or MIL-F-16552, and shall
be removable for cleaning without dizasaembly of the equipment. All
ventilation openings shall be designed and located to comply with
electromagnetic interference, undesired radiation and enclogure requirements.
Air exhaust shall be directed away from operating personnel.

4.1.1 External source. For equipment designed for use with external source
supplied cooling air, which may contain entrained water or other contaminantas
detrimental to the equipment, precautionary measuresz gshall be taken to avoid
direct impingement on internal partz and circuitry by channeling or use of
heat exchangers.

4.1.2 Aircratt application. Equipment that ig intended for usze in aircraft
and requireg forced air cooling shall be dezigned uging cold plates or heat
exchangera 80 that none of the cooling alr will come into contact with
internal partg, circuitry, or connectors.

4.2 Other cooling methods. Prior approval ot the procuring activity shall be
obtained when heat densitieas or other design requirementz make the uze of aip
for cooling impractical and alternate methodz, 2uch ag liquid, evaporative,
change of phase material, or heat pipea, are required.

5. Information for guidance only. The design factors which should be
congldered in determining the required fan or blower characteristice include
guch factors as amount of heat to be dissipated, the quantity of air to be
delivered at the preszure drop of the enclosed equipment, the allowable noize
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level, the permissible level of heat that may be exhausted into the
gsurrounding environment, and other pertinent factors affecting the cooling
requirement of the equipment. Induced draftz and ventilation by meana of
bafflea and internal vents ghould he uszed to the greateast practicable extent.
When practicable ventilation and air exhaust openings should not be located

............ & an o [rere F Tl A imn dmemnn~nbdanl $#$a awvnid

].l'l Bnﬂ lrup Ul EHLLQHUIEH (50 o Lll i I Ulll.r paincio. wacil L!.n 48 dJuplrfavuvivas W avuiud
direct impingement on internal parte and circuitry by channeling or use of
heat exchangers, the water and contaminants should be removed from the
cooling air by auitable water and contaminant removal devices.

5.1 External source. For equipment designed for use with external szource
gupplied cooling air, minimum differential presaure (prezsure drop) of the
cooling air through the equipment heat exchanger or cold plate should be
maintained, conaistent with adequate cooling.

5.2 Degign guidance. MIL-HDBK-251 may be used as a guide for detail
information on thermal degign of electronic equipment.
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REQUIREMENT 53

WAVEGUIDES AND RELATED DEVICES

1. Purpoge. Thie requirement establishes criteria for the selection and
application of waveguides and related devices.

2. Documents applicable to Requirement 53:

MIL-G-24211
MIL-5-55041
MIL-STD-1327

MIL-STD-1328

MIL-STD-1320
MIL-STD-1352
MIL-STD-1358
MIL-STD-1636
MIL-STD-1837

I
1

MIL-STD-1638
MIL-STh-1638

MIL-STD-1640
MIL-STD-2113
MIL-STD-2162

MIL-HDBK-218
MIL-HDBK-660

3. Definitions.

Gagkets, Waveguide Flange, @General Specification for
Switches, Waveguide, (eneral Specification for

Flanges, Coaxial and Waveguide; and Coupling Assemblies,
Selection of

Couplers, Directional (Coaxial Line, Wavegulde, and Printed
Circuit}, Selection of

Switohes, RF Coaxial, Selection of

Attenuators, Fixed and Variable, Selection of

Waveguides, Rectangular, Ridge and Circular, Selection of
Adapters, Coaxial to Waveguide, Selection of

Dummy Loada, Electrical, Waveguide, Coaxial, and Stripline,
Selection of

Wavegulde Aggembiies, Rigid and Flexible, Selection of
Power Dividerz, Power Combiners, and Power Divider/
Combinera, Selection of

Mixer Stages, Radio Frequency, Selection of

Radio Frequency Ciroulatore and Isolators, Selection of
Amplitiers, Radio Frequency and Microwave, Solid State,
Selection of

RF Transmission Lineg and Fittin
Fabrication of Rigid Waveguide A

Twigte)

Not applicable.

R R

4. Requirements. Waveguides and related devices shall be selected in
accordance with the atandards appearing in table 83-1 and shall conform to
specification listed in the table or to a specification imposed by the

listed standard.

8. Information for guidance only

§.1 RF transmiesion lines and fittings. MIL-HDBK-216 should be used as a
technical information guide for RF transmission lines and fittings.

5.2 Rigid waveguide assemblies. MIL-HDBK-660 should be uzed as a guide to

the fabrication of rigid waveguide assemblieg where bends and twiste are
required to satiafy a particular application.

REQUIREMENT 853
53-1 20 September 19588
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Waveguidesg and related devices.

Applicabie
I{em Degcription Docurent
Adapters Coaxial to Waveguide MIL-STD-1636

Amplifier, BF and Microwave

DIP, Coaxial, %0, and
Flatpack

MIL-STD-2162

Attenuators

Fixed and Variable
Coaxial and Waveguide

MIL-5YD-1352

Circulatord BF-5M8 and Waveguide MEL-STD-2113
Couplers Directional Coaxial MIL-51D-1328
Waveguide and Prtd Cki
Goupling Assembiies Quick-Digconnect for MIL-STD-1327
Subminjature Waveguide
Flanges
Durmy Loads Waveguide, Coaxial MIL-57D-1637
and Stripline
Flanges Waveguide and Coaxial MIL-STD-1327
Gagkets Preggure Sealing for MIL-g-24211
Uge With Cover Flanges
and Flat Face
Isolators BF-SMA and Stripline MIL-5TD-2113
Mixer Stages RF-DIP, Flatpack, MIL-51D-1640
T0 and Connector
Power Dividers, Combiners Solder Terminals, NIL-5TYD-1639
and Divider/Combiners Plug-In, Flatpack,
10 and Connector
Switches Waveguide to Waveguide MIL-5-55041
Manual and Eleotro
mechanically Operated
BF Coaxial NIL-STD-1320
Waveguide Aggembiies Fiexibie and Higid HIL-57D-1638
Waveguides Rigid Rectangular NIL-5¥D-1358

Bigid Circular, Single
and Double Ridge
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REQUIREMENT 54
MAINTAINABILITY

1. Purpose. Thig requirement offers guidance as to maintainability
requirements which must be conasidered when preparing contractual documents.
IT DOES NOT ESTABLISH REQUIREMENTS, AND MUST NOT BE REFERENCED 1IN
CONTRACTUAL DOCUMENTS. Maintainabillity program tasks, quantitative
requirements, and verification or demonatration requirements must be
divectly apecified in the contract or the aystem/equipment specification, as

appropriate.

2. Documentg applicable to Requirement 54:

MIL-STD-470 Maintainability Program for Systems and Equipment
MIL-STD-471 Maintainability Verification/Demonstration/Evaluation
MIL-STD-721 Detinitions of Terms for Reliability and Maintainability

MIL-HDBK-472 Maintatinability Prediction

3. Definitionag. Not applicable.

4. Requirements. Not applicable.

5. Information for guldance only

5.1 Maintainabillity program. Maintainability engineering and accounting
tazka aimed at preventing, detecting, and correcting maintainability deasign
deficiencies and providing maintainability related information eazsential to
acquisition operation and support management should be included in

______ mamid maman i bk R n
contract requirements with the objective of establishing and maintaining an

efficlent maintainability program according to life cycle phase. MIL-3TD-470
ig the overall program document for the area. Other maintainability
documente which may be invoked through MIL-STD-470 or which may be cited
directly as a basis for contract requirements inelude MIL-3TD-471,
MIL-8TD-721, and MIL-HDBK-472.

5.2 Quantitative requirementa. Quantitative maintainability requirementa
and verification or demonstration requirements should be established as
appropriate to program phage.

REQUIREMENT 54
12 February 19888
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REQUIREMENT &5
ENCLOSURES

1. Purpose. Thie requirement eastablishez criteria for the design and
congtruction of enclosures.

2. Documents_applicable to Reguirement 85:

MIL-C-172 Cages, Bagesg, Mounting, and Mountz, Vibration (For Uge
With Electronic Equipment in Aircraift)

MIL-M-81288 Mounting Bases, Flexible Plastic Foam

MIL-STD-108 Detinitions of and Bamic Requirements for Enclosures for

Electric and Electronic Equipment
EIA RS-310-C-77 Racks, Panels, and Associated Equipment

3. Definitions
3.1 Enclosureg. Enclosures are housdings such as consoles, cabinets, and
cages, which are degigned to provide protection and support to mechanieme,

part2, and assemblies.

4. Requirements

4.1 Cageg and mounting bageg for ainborne nQJiggent= Materials, bonding
ghielding and performance requirements of MIL-C-172 shall apply to all
cages. Mounting bageg zhall conform to MIL-C-172 or MIL-M-81288, a=

applicable.

4.2 Degree of enclosure. Enclosures shall be designed in accordance with
MIL-STD-108, table I for the degree of enclosure beat guited to the
application. Molature absorbent materials such ag open-celled foam ghall
not be used to fill moisture pockets.

4.3 Maternilals. Materials used shall be corrozion and deterioration
resistant or coated to resist corroaion and deterioration.

ernal clearance and the equipment mounting
1 be in accordance with EIA RS-310-C.

(]

[]

4.4 R
h

cka and pa
oles ]

n
{f rack

=]

4.5 Test requirements. Encloaures shall be tested as specified in
MIL-STD-108.

T, 2 TR

5. Informa n for guidance only

REQUIREMENT 55
10 September 1087
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5.1 Cagesg for asrogfpace ground sgupport e

-------- aerogpace groun rt eq
1

Ca uipment. The detailed equipment
specification or contract for the particular equipment will specify the type
of cage to be zupplied by the contractor. Transit caaes and combination type
cageg may not be required for ship, depot, or field shopa wherever the area
of use is protected or controlled for human occupancy.

5.2 Desiccants. Where moisture build up in sealed equipment cannot be
tolerated, the use of dezmiccants or dehydrating agents should be conzidered.

§.3 Materials. Materiale for the enclosure should be the lightest practical
congistent with the strength required for sturdiness, gerviceability and
gafety.
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REQUIREMENT 56

ROTARY SERV(O DEVICES

1. Purpose. Thig requirement eatablishez criteria for the selection and
application of rotary servo devices such as servomotors, aynchros,
eleotrical resolvers, tachometer generators, encoders, and transclvers.

#2. Documents applicable to Reguirement 56:

MIL-5-22432
MIL-5-22820

MIL-T-22821
MIL-R-80781
MIL-E-81812

MIL-8-81746
MIL-5-81963

MIL-E-85082
MIL-3STD-710
MIL-STD-1451
MIL-HDBK-218
MIL-HDBK-225
MIL-HDBK-231

Servomotora, (eneral Specification

Servomotor-Tachometer (Generator AC, (General Specification
for

Tachometer Generator AC, (eneral Specification for
Resolver, Electrical, Linear, General Specification for
Encoder, Shaft Foazition to Digital, Contaat Type, Altitude
Reporting, General Specification for

Serviorqe, General Specification for

Servo Componentsg, Precision Inatrument, Rotating, Common
Requirementa and Teasts, General Specification for
...........

Encodera, Shaft Angle to Digital, General Specification for
S8ynchrog, 60 and 400 Cycle

Regolvers, Electrical, Selection of

Application of Electrical Regolvers

Synchros, Description and Operation

Encoder, Shaft Angle to Digital

3. Detinitiona. Not applicable.

4. Requirements

4.1 Rotary servo devicea. Rotary servo devicee shall conform to MIL-85-81863
ag applicable.

4.2 Servomotorsz. Servomotors shall conform to MIL-5-22432.

4.3 Synchroa. Synchros ahall be selected and applied in accordance with
MIL-8TD-710.

4_ 4 Electrical resolvera. Electrical pregolvers ghall be gelected and
applied in accordance with MIL-STD-1481.

4.5 Eleetrical linear regolvers. Electrical linear resolvers shall conform
to MIL-R-50781.

REQUIREMENT S6
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4.6 Tachometer generators. Tachometer generatora zhall conform to
MIL-T-22821.

4.7 Transolverz. Transolvers shall conform to MIL-T-83727.

4.8 Encodera. Encoders shall conform to MIL-E-85082 for general
application. For altitude reporting applications, encoders shall conform to
MIL-E-81812.

4.9 Servomotor-tachometer generators. Servomotor-tachometer generators
ghall conform to MIL-8-22820.

4.10 Serviorgs. Servtorqs shall conform to MIL-S-81746.

¥5. Information for guidance only. The following documentsz contain
additional information for application:

MIL-HDBK-218 (Resolvers)
MIL-HDBK-225 (Synchros)

MIL-HDBK-231 (Encoders)

86
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REQUIREMENT 57
RELAYS

1. Purpose. This requirement establishes criteria for the zelection
and application of relays.

2. Documents applicable to Requirement 857:

MIL-R-83818 Relaya, Reed, Dry, General Specification for
MIL-8TD-1346 Relayas, Selection and Application

3. Definitions. Not applicable.

4. BRequirements

4.1 8Selection. Unleas otherwise aspecified, the order of precedence for
relay selection shall be ar follows:

a. Relays ligted in MIL-STD-1346. Reed relays shall conform to MIL-R-83516.
b. DESC zelected item drawing relays, subject to procuring activity approval.
c. Other relays, subject to procuring activity approval. Sufficient detail
must be presented (e.g., contact loads, coil voltagez of requested relay vs
the standard part) to justify the use of the nonstandard part.

4.2 Application. Relays shall be applied in accordance with MIL-STD-1346.

The uge of reed relays in airborne applicationa reqguires procuring activity

§. Information for guidance only. Not applicable.

ember 1888
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REQUIREMENT 58
SWITCHES

1. Purpose. This requirement establishes criteria for the selection and
application of switches and associated hardware. This requirement is not

h o - R T | .

applicable to RF coaxial switches.

2. Documents applicable to Requirement 58:

MIL-S5-12285 Switch, Thermostatie

MIL-8-18743 Switches, Rotary, Encloged

MIL-5-18396 Switches, Meter and Control, Naval Shipboard

MIL-8-83731 Switch, Toggle, Unsealed and Sealed Toggle, (3eneral
Specification for

MIL-8TD-1132 Switoher and Agsociated Hardware, Selection and Usze of

3. Definitione. Not applicable.

4. Requirements

4.1 Selection and application. Switchesz and associated hardware shall be
gelected and applied in accordance with MIL-STD-1132. Switchea required other
than those listed in MIL-STD-1132 shall conform to one of the following
gpecifications: MIL-S-12285, MIL-S-18743, MIL-S-18366, and MIL-S-83731.

5. Information for guidance only. Not applicable.
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REQUIREMENT 59
BRAZING
1. Purpose. This requirement establigher oriteria for brazing.

2. Document applicable to Requirement 50:

MIL-B-7883 Brazing of Steels, Copper, Copper Alloys, Nickel Alloys,
Aluminum and Aluminum Alloye

3. Definitiong. Not applicable.

4. Requirements. Brazing of gteel, copper, copper alloysz, nickel alloys,
aluminum, and aluminum alloys shall be in accordance with MIL-B-7883.

5. Information for guidance only. Electrical connectione of stranded or
ingulated wire or thoge having construction which may entrap fluxez ehould

not be brazed.

REQUIREMENT 59
12 February 1088
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REQUIREMENT 60
SOCKETS AND ACCESSORIES

1. Purpose. Thia requirement establishes criteria for the =zelection and
application of socket2 and accessories for plug-in parts.

2. Documents applicable to Hequirement 60:

MIL-5-12883 Socket and Accessorieg for Plug-In Electronic Compeonents,
@eneral Specification for

MIL-5-24251 Shield, Retainer {Baaes), and Adapterz, Electron Tube, Heat
Diggipating, General Specification for

MIL-M-38527 Mounting Pads, Electrical-Electronic Component, General
Specitication for

MIL-5-83502 Socketa, Plug-In Electronic Components, Round Style,
General Specitfication for

MIL-5-83734 Sockets, Plug-in Electronic Components, Dusl-in-line (DIPa)

and Single-in-line packages (8IPz), (General Specification for
3. Definitiona. Kot applicable.
4. Requirements

4.1 Sockets. Sockets for plug-in electronic parts 2hall be of the aingle
unit type and ghall conform to MIL-8-12883, MIL-8-83502 or MIL-S-83734. The
uge of gockets for microcircuita requires approval of the procuring activity.
4.2 Shields. Heat dissipating tube sghields shall conform to MIL-8-24231.

4.2 Mounting pads. Where mounting pads are required for use with small
electrical or electronic devices, they shall conform to MIL-M-388527.

5. Inforggtion'for guidance only

§.1 1Uge of sockets. The use of zockets in mission related and ground
gupport equipment should be kept to a minimum, due to the poasibility of
intermittent connections during shock, vibration, and temperature cyecling.

5.2 Shield bases. Shield bazes, for uze with heat dissipating shields,
ghould be mounted on clean, smooth, metallic mating surfaces, to minimize the
contact registance (thermal and electrical) between the basze and the
gupporting chagais.

DE
s
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REQUIREMENT 61
ELECTROMAGNETIC INTERFERENCE CONTROL

1. Purpose. This requirement establishes criteria for electromagnetic
interference control.

2. Documents applicable to Requirement 81:

MIL-STD-461 Electromagnetic Emiassion and Susceptibility Requirements
for the Control of Electromagnetic Interference
MIL-STD-4632 Electromagnetic Interference Characterigticas, Meagurement of
MIL-STD-460 Radar Engineering Design Reqguirements, Electromagnetic
Compatibility

MIL-HDBK-253 @Guidance for the Design and Teat of Systems Frotected Against
the Effects of Electromagnetic Energy

NTIA Manual National Toelegommunicationsg and Information Adminigtration
Manual of Regulations and Procedures for Radio Frequency
Management

3. Definitions. Not applicable.

4. Hequirements

4.1 @eneral. Electromagnetic interference reguirementa shall be as
specified in MIL-STD-461.

¥4 2 Radar equipment. Radar systeme and equipment shall alsc conform to
the proviaiona of section 5.3 of the NTIA Manual ag specified in the contract
and to MIL-5TD-469 except that MIL-STD-469 shall not be used for Air Force
applicationg. In the event of conflict, the following descending order of
precedence shall prevaill: NTIA Manual, MIL-3TD-460, MIL-STD-461.

4.3 Tests. Tests and test methods ahall be am apecified in MIL-STD-462. For
other than Air Force applications, MIL-STD-468 ghall alao apply for radar
equipment and =ystems.

5. Information for guidance only. MIL-HDBK-253 provides guidance for the
design and test of electronic systemz which are to be immune to the
detrimental effecte of electromagnetic energy.

REQUIREMENT 81
30 October 1981
61
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REQUIREMENT 62
HUMAN ENGINEERING

1. Purpoge. This requirement offers guidance as to human engineering
requirements which must be considered when preparing contractual documents.
IT DOES NOT ESTABLISH REQUIREMENTS, AND MUST NOT BE REFERENCED IN CONTRACTUAL
DOCUMENTS. Human engineering requirements and related test and evaluation
requirements muat be directly specified in the contract or the
gystem/aquipment specification, aa appropriate.

2. Documents applicable to Requirement 62:

MIL-H-46855 Human Engineering Requirements for Military Syatems,
Equipment and Facilities

MIL-STD-1472 Human Engineering Design Criteria for Military Systens,
Equipment and Facilities

3. Definitiong. Not applicable.

4. Requirements. Not applicable.

5. Information for guidance only. Human engineering applied during
development and acquisition of military systems, equipment, and facilities
serveg to achieve the effective integration of personnel into the design of
the gystem. The objective of a human engineering effort is to develop or
improve the crew/equipment/zoftware interface and to achieve required
effectivene=s of human performance during aystem operation, maintenance and
control and to make economical demands upon perasonnel rezources, gkills,
training, and costs. MIL-H-46885 is the overall requirementz document for
the area. It must be tailored when applied; application guidance is offered
in the document. MIL-STD-1472 provides deaign eriteria which may be
gelectively applied as requirements or guidance.

REQUIREMENT 62
12 February 1088
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REQUIREMENT 63

SPECIAL TOOLS
1. Purpoge. Thig requirement establishes criteria for the gelection and
application of special tools.

2. documents applicable to Requirement 63. Not applicable.

3. Definitions.

3.1 Speclal tools. Toolsg, including jige, fixturea, atands, and templates,
not listed in the Federal Supply Catalog.

4. Regquiremente.

4.1 Approval. The use of any apecial tool ghall be subject to the approval
of the procuring activity.

4.2 Furnishing and stowing. Special tools needed for operation and
organization level maintenance shall be furnished by the contractor and shall
be mounted securely in each equipment in a convenient and accessible place,
or in a central accessible location for an equipment array requiring =such
tool=.

5. Information for guidance only. The design of equipment should be sguch
that the need for gpecial toole for tuning, adjusrtment, maintenance,
replacement, and installation iz kept to a minimum. Only when the required
function cannot be provided by an exiasting atandard tool should special tools
be conaldered. Necessary tools ghould be identified as early as possgible.

REQUIREMENT 63
10 September 1687
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REQUIREMENT 64
MICROELECTRONIC DEVICES

1. Purpose. This requirement establishes criteria for the gelection and
application of microelectronic devices. These criteria are based on the
_._ T SR . ....-\I.I.-. ol d o mdnd 1A

objectivea of achieving technological superiority, qualiiy, reliabiiliiy,
maintainability in military syatems.

="

2. Documents applicable to Requirement 64:

MIL-M-38510 Mierocirouits, General Specification for

MIL-H-38534 Hybrid Microcircuitse, @General Specification for

MIL-I-385358 Integrated Circuitz (Microcircuits) Manufacturing, General
Specification fonr

MIL-STD-T7885 Reliability Program for Systems and Equipment Development
and Production

MIL-STD-883 Test Methods and Procedurez for Microelectronica

MIL-STD-B75 NASA Standard Electrical, Electronic and Electro-
mechanical Parta List

MIL-~STD-1547 Parts, Materials and Processes for Space and Launch Vehicles,

Technical Requirements for
MIL-8TD-1562 Lists ot Standard Microcircults
MIL-STD-1686 Electroastatic Discharge Control Program for Protection of
Electrical and Electronic Parts, Aassembliesz and Equipment
{Excluding Electrically Initiated Explosive Devicesn)
MIL-BUL-103 List of Standardized Military Drawings (SMDs)
MIL-HDBK-217 Reliability Prediction of Electronic Equipment
ANSI/IEEE 1076-1987 VHSIC Hardware Deasoription Language (VHDL)

YEAT” Intanananashilitu Qtandands Inniudeg gnaniticationg for the TM-bhus

viooll interoperablllitly otangards. Incliudeg gpeCllilicationg 1071 Lhe us
bus, Pl bus, and VHSIC Electrical Specification. (Copies
avallable from Naval Research Laboratory, Code 5308,
Washington, DC 20375-5000).

Tezter Independent Support Software Sysztem (TISSS) Specificationz (Coples

available from TISSS Program Office, RL/ERD, Griifiss Air
Force Baze, NY 13441-85700).

1=
-3
=

3. Definitions

3.1 Microelectironic devices. Monolithic, hybrid, rf and microwave
(hybrid/integrated) circuits, multichip microcircuits, and microecircuit
modules.

3.2 VYery high speed integrated circuite (VHSIC). A technology development

program (18580-1088) for the dasign and manufacture of high speed digital

integrated circuits with 1.25 and 0.5 micrometer feature sgizes for military
REQUIREMERT 64
30 October 1001
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applications. Many VHSIC's incorporate Built-In-Test and later VHSIC'z will
incorporate interoperability features, Table 64-I1 describes VHSIC

characterigtics.

3.3 Microwave/millimeter wave monolithic integrated circuits (MIMIC).
Program to egtablish the capabilities to design, develop, manufacture and
teat analog microwave/ millimeter wave integrated circuitz for use in
military systems.

3.4 Advanced microcircuit technology. Microcircuit fabrication and design
technology which ie newly available for prototype designs and will be
available for production in the near future (2-5 yearg). VHSIC and MIMIC are
exampleg. For digital microcircuits, the performance capability can be
approximately characterized by the minimum feature gize, the clocking
frequency, and the functional throughput rate. (See 5.1)

3.8 VHSIC hardware description language (VHDL). A high level computer
language developed under the VHSIC program for describing the signal
gtructure of electroniec hardware (chipa, modules, and subayatemg)}. The
language deacribes the signal flow and the structure of the device in terms
of the bagic circuit models, fundamental logic blocks, and higher level
functional aszemblies of loglc blocks.

3.6 Qualified Device (Microcirgcuit). Any device or microcircuit which has
met the requirements of MIL-M-35510, MIL-H-38543, or MIL-I-3883% and is
Iiated on the associated QPL/QML listing=s.

3.7 Waveform and Vector Exchange Specification {(WAVES). A high level
computer language developed under the VHSIC and Advanced Tactical Fighter

(ATF} programs for describing test vector and waveform gtimuli for electronic
hardware (chips, moduleg, and subsystems). The WAVES ig compatible with the
VHDL szimulation language and simulation environments.

3.8 Application Specific Integrated Civouit (ASIC). Any microciprcuit that
ig custom degigned or any programmable miecrocireuit (e.g. EPROM, EEPROM,
UVEPROM, PLA, PLD, gate array, gea of gates, standard cell library, etc.)
that ia programmed or personalized to perform a specific equipment or cuztom
function.

4. Regquirements

4.1 ZSelection

4.1.1 Technology. At each stage in new and re-engineered system degigns,
i.2., oconcept atudles, demenatration and valildation, and full seale

DRI AL %2 # LA PR =R L ] ¥
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development, the advanced microcircuit technologies which meet reliability,
performance, and cost requirements of the application shall be evaluated for
uge in the production phase.

4.1.2 Reliability. Microelectronic devices in military systems in full
adcale development and production shall, ag a minimum, conform to the
applicable product assurance level of MIL-M-38510, MIL-H-38534, or
MIL-I-38838.

4.1.3 OQOrder of precedence. Unless otherwise specified, the order of
precedence shall be as follows:

a. Microcirocuita ligted in table I of MIL-STD-1562.

b. Other MIL-M-38510, MIL-H-38534, or MIL-I-38538 microcircuitz not ligted
in tables III, IV and V of MIL-STD-1562.

¢. Other microcircuits listed in table Il of MIL-STD-1562 aes preferred for
new design, subject to procuring activity approval.

d. Active Standardized Military Drawing (SMD) or DESC drawing microcirouite
not listed in tables III, IV and V of MIL-3TD-1562, subject to procuring
activity approval.

e. Other microcirculte {gee 4.1.8), subject to procuring activity approval.

4.1.4 Qualified devicez. When the contract or purchasge order for new
design, redesign, or part level upgrade of military hardware specifies the
uae of MIL-STD-883 class B or 8 microcircuits, and there is a qualified
device of the required generic chip and package type or cage outline, the
qualified class device shall be the only device authorized in that design.

4.1.4.1 Space Applications. When qualified devices are not available or
cannot be qualified by the manufacturer, the requirementz of MIL-STD-875 or
MIL-STD-1547 shall apply.

4.1.4.2 Other Applications. When a qualified device does not exist and a
SMD device of the required generic chip and package type or case outline does
exlat, the SMD device shall be the preferred device authorized for that
degign.

4.1.% Other miorocircuita. For other than qualified devices, the following
intormation shall be included in the nonastandard part approval requeat
{(except where identification of a military detail epecitication, cor SMD
number gatigfiea this requirement or other directicon 18 given):
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a. Device nomenclature, marking, configurat
g t

X N

parameters and limits sufficient to in

interchangeability.

on, functional requirements,

R e D S g}
€ reguirea 19rm, I1UncLions ana

b. Required environmental, endurance {(life) and other design capability
tests.

c. Quality assurance requiremente, including screening and lot quality
conformance (acceptance) testa. As a minimum, devicesz shall be procured to
all the requirements of MIL-STD-883 paragraph 1.2.1. Hybrid or integrated
microcircuite shall be procured to the requirements of MIL-H-38834 or
MIL-I-38535. The applicable detail specification, SMD or vendor/contractor
document shall be aspecified for electrical performance, mechanical, and final
electrical teat requirements.

d. An evaluation of the projected availability and product assurance status
for the time of production and through the projected life of the aystem.

e. Device design and teat doocumentation in the VHDL and WAVES format (=aee
4.5.3 and 4.5.4).

4.1.6 Electrostatic gsensitive parts. Microcircuite are gusceptible to
electrostatic diacharge (ESD} damage. Microcircuit sugceptibility i=
claggitied in MIL-STD-1686 and Teat Method 3015 of MIL-STD-883. When device
susceptibility is not available, it can be determined using Test Method 3018
or Appendix B of MIL-STD-1686. Microcircults from the ESDS Clasa necessary
to meet syztem ESD requirements shall be selected. ESD susceptibility ot
microcircuite are Iiated in the associated QPL/QML limtings of MIL-M-38510
for JAN devices and MIL-H-38534 or MIL-I-38835 for the individual device.

4.2 Programmable devices. Use of programmable devices, regardleszas of type,
requires approval of the procuring activity.

4.3 Fusible link devices. When fuaible link devices (PROMs, PALg, PLDs,
etc) are programmed by the user, parametric and functional electrical teats
in acecordance with MIL-STD-8B83, Method 5008, Group A, Subgroupg 7 and 9 as a
minimum, shall be performed after programming to verify the gpecific program
configuration and effectiveneas of link fusing. This teating shall be done
on a 100% bazig when performing board or subaystem/system aimulaticons.

4.4 Packages. Microcircult devices used in equipment ghall be hermetically
gealed in glass, metal or ceramic (or combjnationa of theme) packagesz. ¥o
organlc or polymeric materials such aa lacgquera, varnishes, coatings,
adhesiver, or greages ghall be uged inside the microcircuit package, unleas
otherwise apecified. No desiccante zhall be contained in the microcirecuit
package, unless otherwise specified.
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4.5 Device degign and test documentation

4.5.1 ASIC documentation in VHDL. Digital Application-Specific Integrated
Circuits (ASICs)} dezigned after 30 September 1888 ghall be documanted by
meang of gtructural and behavioral VHSIC Hardware Description Language (VHDL)
degeriptione Iin actordance with IEEE 1076. (See paragraph 8.7} Behavioral
VHDL descriptiong ghall include function and timing at the ports accurate
enough to enable the performance of test generation and determination of
tault detection/fault isolation levels at the integrated circuits pins when
performing board or aubsystem simulations.

4.5.2 Fault coverage. For all digital microcircuits developed or modified
after 31 December 10061, fault coverage shall be documented in accordance with
MIL-STD-883 Test Method 5012 for all manufacturing-level logic testa.

4.5.3 Qualified Device Documentation in VHDL. Digital qualified deviceas for
use in board level designs after 31 December 1801 shall be documented by
meang of behavioral VHDL descriptions in accordance with ANSI/IEEE 1076.
(See paragraph 5.7) Behavioral VHDL deascriptions shall include function and

timing at the port accurate enough to perform test generation and determine
fault detection/fault isolatien levels at the integpated cirouit pins

4.5.4 ASIC teat gtimuli documentation in WAVES. Digital ASICs designed
after 31 December 1081 ghall have all teat vectors and test waveforms
documented and delivered to the Government in the WAVES format.

4.6 Cost congiderations. Microelectronic devices shall be selected on the
bagiz of overall life oycle cost,

5. Information for guidance only

8.1 Technology progreazion. The uze of advanced microcircuit technology
should be conzidered and evaluated in the design of all systems/equipment.
For oritical weapon aystems applicationa, and for aystem development
gchedules projected to be longer than four yeara, the performance advantages
provided by advanced technologiea, such as VHSIC and MIMIC, should be
evaluated early in the system development phaseag for use in the procurement
atage.

§.1.1 Proijected availabilitv. The projected availabilitv of advanced
digital (VHSIC) technologies for use in progressive gtages of aystem
development is provided in table 64-I to aid in performing thiz evaluation.
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TABLE 64-I. Digital technology progression prediction.

Year Concept I D&V - II FSD III PaD
1987 .5 - 1.0 1.0 - 1.25 1.0 - 1.25 1.25 - 1.5
1988 .5 - .8 .B - 1.0 1.0 - 1.25 1.0 -1.25
1989 .5 - .7 7 - 1.0 .8 - 1.0 1.0 -1.25
1990 .4 - .6 .5 - .8 .6 - 1.0 .8 - 1.0
19691 .4 - .5 .59 - .6 .6 - .8 T - .8
1992 T .4 - .6 5 - .7 6 - .7
1983 .25 - .3 .3 - .5 4 -~ .6 .5 - .8
1994 .25 - .3 .4 .5

D&V: Demonstration and Validation

P&D: Production and Deployment
I, II, III: Syztem Development Milestones
5.1.2 Performance characterigticg. The numbers in table 64-1 repreasent the

"minimum feature gize" which generally characterizea the performance and
characteristics of digital technology. (See table 64-II.)

5.2 Reliability prediction. When required, microcirouit reliability
predictions should be prepared in accordance with MIL-HDBK-217.

5.2.1 Reliability prediction. When required, microcircuit reliabllity
predictions should be prepared in accordance with MIL-HDBK 217.

5.2.2 BReliability assgurance. A plan should be in place to assure that
microelectronic devices meet the reliability requirement of paragraph 4.1.2
at the time of full gcale development. Thiz plan should provide for

nannhmianian At mnaméa 1dad 14 s~ {wernlrad her mrmdbnnad dhmaridh NDEON JUDAAN
PERUOLagAV Wl palva Liguw, 42 DU JRVUWASUY Uy WUBuSav v, WiFUUBL MLOdw/i 0 wnd

prior teo procurement of parte to be used in actual production to assure that
all evaluationa are basgsed on the most recent ztandardization status.
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5.3 Microcircuit obsolescence. Due to rapid technology advances, many
miiitary and commercial microcircuits listed in speciiications and catalogs
are either obsolete or are nearing obsolescence. The use of these devices
will affect the mission objectiver of the uaing equipment. For Navy
equipment current information on microcircuits that may be nearing
obsolegcence may be obtained from the Naval Avionics Center, Code 435,
Indianapolisz, Indiana 46219-2180, telephone (317) 353-3767.

5.4 Use of non-hermetic microcircuits. Upon specific request and approval
by the procuring activity to waive the requirementz of 4.1, non-hermetic
microecircuits may be considered for use in ground fixed (GF) or ground benign
{GB) environmenty as defined in MIL-HDBK-217. They should meet all the
requirements of the equipment specification, temperature and humidity =hould
be completely controlled in transit, storage, and application. Proviaions
ghould be made for logimtic avallability.

TABLE 64-II. Performance characterietics - digital microelsctronics.

Characteristic Unitsg

Min feature size micrometers 1.25 0.5
Temperature range degreeg Celszius -55 to 125 -55 to 125
Min clock frequency MHz 25 100 on chip
FTR gate Hz/8q cm 5 exp 11 l exp 13
Tegtability 98% of detec- 98% of detec-

table faults table faults

BIT fault covarage

stuck at % 95 g5

gtuck open (CMOS) %* ' 75
Test bus ETM or TM» ETM or TM#
Interoperability yes yes

*IAW VHSIC Interoperability Standard
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5.5 Testability. New and upgraded aystems should exploit chip level
buijt-in-test featuree to enhance the testability and operational
availability of the module or aystem. When advanced digital modules or
boards are developed, microcircuits incorporating the VHSIC ETM-BUS or VHSIC
TM-BUS should be used. (See VHSIC Interoperability Standards.)

5.6 Life cyele cost evaluation. The following factors should be considered
in estimating lite cycle coats asasociated with gelection of microcircuit
devicea or technologiea: a) effect of built-in-teat on repair,
maintainability, operational availability, and recontigurability; and b}
value of VHDL descriptions of chipas, modules, and boards in resupply,
multiple source development, and deaign upgrade.

5.7 ASIC Documentation Reference. Data Item Description, DI-EGDS-80811,
provideg the documentation preparation and delivery instructions for ASIC
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REQUIREMENT 85
CABLE, COAXIAL (RF)

1. Purpoge. Thiz requirement establishea criteria for the melection and
application of coaxial radio frequency (rf) cable.

2. Documents applicable to Requirement 65:

MIL-C-17 Cable, Radio Frequency, Flexible and Semirigid, General
Specification for

MIL-L-3800 Lines, Radio Frequency Transmiszion (Coaxial, Air
Dielectric)

MIL-C-22931 Cable, Radio Frequency, Semirigid, Coaxial, Semi-Air
Dielectric, Q@enera] Specification for

MIL-C-23806 Cable, Radio Frequency, Coaxial, Semirigid, Foam

Dielectric, General Specification for
MIL-HDBK-216 RF Transmission Lines and Fittings

3. Definitiona. Not applicable.

4. Hequirements

4.1 Cable gelection. Selection of coaxial cable ghall be in accordance with
MIL-C-17, MIL-L-3890, MIL-C-22831 or MIL-C-23806. Other types of cable may
be used provided they are selected from apecifications acceptable for the
gpecific application and approved by the procuring activity.

#4.2 Application regtriction. Cablea with polyvinyl chloride insulation
ghall not be uzed in aerospace applicationg. Use of these cablesz in any
other application requires prior approval by the procuring activity.

5. Information for guidance only

5.1 Application guidance. MIL-HDBK-2168 may be used az a technical
information guide to applications of tranamissicn linea and fittinga.

5.2 Critical clrouits. For use above 400 MHz and in eritical rf circuits,
elementz such ag environmental requirements, short leadsz, and grounding
should be considered in design application, along with critical electrical
charaocteprigtice suoch as attenuation, capacitance, and atructural return
loas.

REQUIREMENT &8
15 December 1980
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REQUIREMENT 66

CABLE, MULTICONDUCTOR

1. Purpose. This requirement establishes criteria for selection and
application of electrical multiconductor cable for use within electronic

equipment.

2. Documents2 applicable to Requirement 66:

QQ-W-343
MIL-C-17%

MIL-C-442
MIL-C-3432

MIL-W-5086

MIL-W-5845
MIL-W-5846
MIL-W-5008
MIL-C-7078

MIL-W-8777
MIL-C-13777

MIL-W-16878
MIL-C-19547

MIL-W-22759

MIL-C-23437
MIL-C-24640

MIL-C-24643
MIL-W-25038
MIL-C-27072
MIL-C-27500
MIL-C-48055

MIL-C-88021

Wire, Electrical, Copper (Uninsulated)

Cablea, Radio Frequency, Flexible and Semirigid, General
Specification for

Cable (Wire), Two Conductor, Parallel

Cable (Power and Special Purpose) and Wire, Electrical (300
and 600 Volta)

Wire, Eleectric, Polyvinyl Chloride Insulated, Copper or
Copper Alloy

Wire, Electrical, Iron and Constantan, Thermocouple

Wire, Electrical, Chromel and/or Alumel, Thermocouple
Wire, Electrical, Copper and Conatantan, Thermocouple
Cablie, Electric, Aeroaspace Vehicle, General Specification
for

Wire, Electrical, Silicone-Insulated, Copper, 600 Volt,
200°C

Cable, Special Purpose, Electrical: @General Specification
for

Wire, Electrical, Inaulated, General Specification for
Cable, Electrical, Special Purpose, Shore Usze

1
olymer-Ingulated, Co

ldwa Tlantnin Fliiamnarn
'y W L UH J 1= Fr eyl

liS, LiCLwiiw, & ba

Alloy

Cable, Eleotrical, Shielded Pairs

Cable, Electrical, Lightweight, for Shipboard Use, General
Specification for

Cable and Cord, Electrical, Low Smoke, for Shipboard iise,
General Specification for

Wire, Electrical, High Temperature and Fire Resisztant,
Aircraft

Cable, Special Purpose, Electrical, Multiconductor

Cable, Electrical, Shielded and Uneshielded, Aerospace
Cabie, Power, Electrical (Flexible, Flat, Unshielded) (Round
Conductor), @eneral Specification for

Cable, Twigted Pairas and Triples, Internal Hookup, Genepal

Specification for
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MIL-W-81044 Wire, Electric, Crosslinked Polyalkene, Crosslinked
Alkane-imide Polymer, or Polyarylene Insulated, Copper or
Copper Alloy

MIL-W-81381 Wire, Electric, Polyimide-Inaulated, Copper or Copper Alloy
ASTM A580-90 Wire, Steel, Stainlezs and Heat Reslating
ASTM B33-74 Tinned Soft or Annealed Copper Wire for Electrical Purposes

3. Definition=z. Not applicable.

4. Hequirements

4.1 Selection and application. Selection and application of multiconductor
cable shall be in accordance with table 66-1.

4.2 8o0lid or stranded. Either golid or stranded conductora may be uszed
{within the restrictions of the particular wire or cable specification)
except that (a) with the exception of thermocouple and flat cable wire, only
gtranded wire shall be uzed in aeroapace applications, and (b) for other
applicatione stranded wire shall be used when so indicated by the equipment
application. Specifically, with the exception of flat multiconductor flexible
cable, gtranded wire shall be used for wires and cables which are normally
flexed in use and servicing of the equipment, such as cables attached to the
movable half of detachable connectors.

4.3 Application restrictions

4.3.1 Cable containing MIL-W-16878 wire shall not be used for Air Force or
Navy aerospace applications.

4.3.2 Cableg with polyvinyl chloride insulation ghall not be uged in
aerospace applicationgs. Use of these cables in any other application requires
prior approval of the proouring activity.

4.3.3 MIL-W-227590 wire with only single polytetrafluoroethylene ingulation
uged in Air Force space and miasile applications ghall require the approval
of the procuring activity.

4.3.4 8ilver plated copper wire shall not be used in applications involving
Army migsile systemsa.

5. Information for guidance only. Not applicable.
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REQUIREMENT &%

MARKING

1. Purpose. Thiz requirement establishes criteria for external and internal
markings on equipment, assemblies and component parts. Marking for safety,
shipping and handling is not within the scope of this requirement.

2. Documentg applicable to Requirement 67:

L-8-300

MIL-M-13231
MIL-P-15024
MIL-N-18307

MIL-5-81963

MIL-STD-12

MIL-STD-130
MIL-STD-156
MIL-STD-195
MIL-STD-186
MIL-STD-280

MIL-STD-411
MIL-STD-783
MIL-8TD-1189
MIL-STD-1285

IEEE 200-1975

Sheeting and Tape, Reflecting, Nonexposed Lens, Adhezive
Backing

Marking of Electronic Items

Plate, Taga and Bandz for Identification of Equipment
Nomenclature and Identification for Electronic, Aeronautical
and Aeronautical Support Equipment, Including Ground Support
Equipment

Servo-Components Precision Instrument, Rotating, Common
Requirements and Tests, General Specification for
Abbreviations for Use on Drawings, Specifications, Standards
and in Technical Documents.

Identification Marking of U.S. Military Property

Joint Photographic Type Designation Syatem

Marking of Connections for Electrical Assemblies

Joint Electronice Type Deaignation Syetem

Definitiona of Item Levels, Item Exchangeability, Medel=z, and
Related Terms

Aircrew Station Signals

Legendz for Use in Alrcrew Statione and on Airborne Equipment
Bar Code Symbology Standard

Marking of Electrical and Electronic Parts

Electrical and Electronic Parts and Equipments, Reference
Degignations for

3. Detinitiona. Not applicable.

4, Requirements

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 shall not

conflict with any specified equipment regquirements, such as marking,
enclogure integrity, controel and indicator locationz, ete.

REQUIREMENT 67
87-1 20 September 1988
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¢. Patent information shall not be located on or in equipment having a
gecurity classification of confidential or higher, with the exception that
patented items uged in security classified equipment, when marked, shall be
marked in such a manner that patent information will be vizible only when the
item is removed or disaszembled for repair or replacement.

4.2 Symbology

4.2.1. Reference designations. Except for external connectors and cables,
reference designations shall be employed to identify the location of each
item for ites particular circuit application. The identification and marking
of reference degignators for parts and equipment shall be in accordance with
IEEE 200. On subminiaturized assemblies, such as printed or etched boarda or
other forms of azsembly where s8pace ig at a premium, the reference
degignationg need not be marked. In lieu thereof, reference designation
marking shall be shown by means of pictorial diagrams, line drawings,
photographs, or other media to provide for circuit identification (by means
of reference deaignations) in the appropriate handbooks for the equipment. It
shall not be mandatory to mark the reference designations of parts in
nonrepairable subasszemblies. Connectorz may be further jidentified on that
gide of the panel to which the mating connector attaches, by a name denoting
the function of the cable attached thereto. External cables shall be assigned
reference deaignations Wl, W2, ete, in accordance with IEEE 260. The
numerical portiong of the reference deaignationsg shall be consecutive, where
practicable.

4.2.2 Abbreviationg and legenda. Abbreviationz and legenda shall conform to
MIL-STD-12, MIL-STD-411, or MIL-8TD-%83, as applicable.

4.3 Marking methods. Equipment, partz and assemblies shall be permanently
marked or identiftied. Permanency and legibility shall be asz required in
MIL-STD-130,

4.3.1 Direct marking. Markinge may be applied directly to a part or an
aggembly by dle or pubber stamping, etching, engraving, molding, casting,
forging, decalcomanla tranefer, stenciling, or milk acreening.

4.3.2 Platea. Information and identification plates shall conform to and
2hall be marked in accordance with MIL-P-18024.

4.3.2.1 JIdentification (ID) plates. The ID plate shall be fastened in such a
manner ag to remaln firmly affixed throughout the normal life expectancy of
the item to which it ie attached. Type @, adhezive-backed metal, ID plates
shall be uaed on hermetically sealed 1tems, magnesium cases, or other item=z
where mounting of a plate by mechanical fastenerz 1z impractical.
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4.3.2.2 1ID plate location. Plates shall be located go that they are not
obscured by other parts.

4.3.3 Marking cables, cords and wires. The following methods shall be used
to mark cables, cords and wires:

a. Moided on the cable or cord.
b. Stamped on the cable, cord or wire.
c. Bande in accordance with MIL-P-15024, securely attached or captivated.

d. Adhesive tag or tape that will withstand the applicable environmental
requirements.

4.4 Bar codes. Bar codes shall conform to MIL-STD-1188.

4.5 Type designated items. Each item which is type designated in accordance
with MIL-STD-196 or MIL-STD-185 shall contain an ldentification marking in
accordance with MIL-N-18307 for Navy and Air Force or MIL-M-13231 for Army.
Theze ltema are szystems (electrical-electronic), zeta, groups, and zome units
and agsemblies, as defined in MIL-STD-280.

4.8 Fuse holderz. The current rating of fuses shall be marked adjacent to
the fuse holder. In addition, "SPARE" shall be marked adjacent to each azpare
tuse holder.

4.7 Connectiong. Marking adjacent to plugs, jacks and other electrical
connectors shall identify the connected circuits to preclude crosgs
connectiona. The connections to electrical parta szuch as motors, generators
and transformer shall be marked in accordance with MIL-STD-185.

4.8 Servo-component connections and markings. Servo-component marking and
connection identification ghall conform to MIL-5-81863.

4.8 Controls and indicating devices. Markings shall be provided on the front
of each exterior and interior panel and panel door, algo on control mounting
surfaces of each chassie, subpanel, etc, to clearly (though necessgarily

briefly) designate the functionz and coperationz of all controle, fuses, and
indicating devicee mounted thereon, protruding through, or available through

accega holea therein. All markings zhall be located on the panel or chaasis
in correct relationship to the reaspective designated items.

4.10 Sockets. The chassis shall be marked to identify both sockets and

parts, modules or assembliesz to be plugged into the aocketa. The side of the
chagsis upon which items are plugged into socketz shall be marked, adjacent
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to each socket, with the reference designation for the item. The reverse gide
of the chasggis shall be marked, adjacent to each socket, with the reference
dezignation used in the circuit diagram and table of parte to identify the
gocket itmself. If apace does not permit marking of reference designations
for gockets and parts, modules, or assemblies mounted in gockets, a location

r‘iagnam ghall '\n n\ﬂnnﬂ nﬁin‘nn {+ 15 uia‘ih\n mhnh lrin!ﬂing th‘; hhaggig’ and

ghall display the markings desoribed herein.

4.11 Cables, cords and wires. All cables, cords and wires which require
disconnection to remove unite for servicing and maintenance shall be uniquely
identified.

4,12 Printed wiring boarda. Markinga on printed wiring boarda shall not
interfere with electrical operation. When ink iz used, it ghall be
non-conductive. Markinga shall be conaidered when leakage (creepage)
distances are determined.

4.13 BReplaceable parts and assemblieg. Replaceable partz and assemblies

shall be marked for identification in accordance with MIL-STD-1285 or
MIL-STD-130, as applicable.

4.14 Programmable items. Equipmentz which are software programmable shall
indicate the identifying number and revision of the software program which
has been loaded into memory. The preferred method iz to provide either a
local or a remote display which ia under the control of the software program.
However, when the uee of a digplay is not practical, the equipment enclosgsure
zhall be marked with the information as follows:

4.14.1 Preproduction and production equipment shall be marked with the
identifying number and revigion of the Boftware program. The identifying
number shall be preceded by the worde "software program’.

4.14.2 Development equipment shall be marked in a manner zimilar to

préproduction and production equipment, except that meanz shall be provi
to eagily change the revigion letter by the use of a matte surface for ha
marking or by using selfadhesive labels. The usze of the revision letter onr

number and a patch letter op number iz permissible.

K
ae

d
nd

4.14.3 The marking requirement does not apply when changes to the zoftware
program are accomplished by making a hardware change (for example, when the
gsoftware program resides in fusible link devices such as PROMs). In such

caged, the marking requirements applicable to a hardware change shall apply.

8. Information for guidance only

5.1 BReflective markers. Where reflective markers are required refleative
polyeater tape in accordance with L-S-300 may be used.
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REQUIREMENT 68
READOUTS AND DISPLAYS

1. Purpoze. This requirement establishes criteria for the selection of
readouts and dizplays.

#2. Documents applicable to Requirement 68:

MIL-D-28803 Display, COptoelectronic, Readouts, Segmented, General
Specification for

MIL-D-87157 Displays, Diode, Light Emitting, Sclid State, General
Specitication for

3. Definitions. Readouts and diaplays are devicea which are dezigned
primarily to convert electrical information into alphanumeric or zymbolic
pregentations. These devices may contain integrated circuitry to function as

decoderas or drivers.

4. Requirements

¥4.1 Optoelectronie type readouts. Incandezcent type readouts szhall conform
to MIL-D-28803.

4.2 Light emitting diode digplayvs. Vigible light emitting diode displays
ghall conform to MIL-D-87157, quality level A or B.

8. Information for guidance only. Not applicable.
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REQUIREMENT 89
INTERNAL WIRING PRACTICES

1. Purpose. This requirement establishes criteria for internal wiring
practices.

2. Documents applicable to Requirement 69:

MIL-T-152 Treatment, Moisture and Fungus Resiatant, of Communications,
: Electronic and Asaociated Electrical Equipment

MIL-V-173 Varniah, Moisture-And-Fungus Reszistant (For Treatment of
Communications, Electronic, and Associated Equipment)

MIL-1-631 Ingulation, Electrical, Synthetic-Resin Composgition,
Non-Rigid

MIL-T-713 Twine, Fibroug: Impregnated, Lacing and Tying

MIL-I-3158 Ingulation Tape, Electrical Glazs-Fiber (Resin Filled); and
Cord, Fibrous-Glass

MIL-I-3190 Inaulation Sleeving, Electrical, Flexible, Coated, General
Specification for

MIL-T-7928 Terminals, Lug: 8plices, Conductore: Crimp Style, Coppenr,
GGeneral Specitfication for

MIL-1-22076 Inaulation Tubing, Electriecal, Non-Rigid, Vinyl, Very Low
Temperature Grade

MIL-I-23083 Ingulation Sleeving, Electrical, Heat Shrinkable, General
Specification for

MIL-8-23180 Straps, Clamps, and Mounting Hardware, Plaztic and Metal for

Cable Harneaa Tying and Support
Tape, Lacing and Tying

NDafinition of and Bagio Raouin ante fan Ennlpn
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Electric and Electronic Equipment
MIL-S8TD-1130 Connections, Electrical, Solderless, Wrapped
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3. Definitions. Not applicable.

4. Requiraments

4.1 Clearance and leakage (creepage) disgtances. Clearance between sBolder
connectione or bare conductors, such as on terminal strips, s2tand offas or
gimilar connections, shall be auch that no acecidental contact can occur
between adjacent connections when gubjected to service conditions apecitied
in the equipment specification. For eleectrical clearance and leakage
distances, see table 69-1.

4.2 Through hole protection. Whenever wires are run through holes in metal
partitionas, shields, and the like, lezs than 3 mm in thiokneas, the holes

1634
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shall be equipped with suitable mechanical protection (grommet) of
ingulation. Panels 3 mm or more in thicknezss either shall have grommetg or
shall have the hole edges rounded to a minimum radius of 1.5 mm.

TABLE 69-1. Electrical clearance and leakage {creepage) distances.
Voltage ac Clearance Leakage Digtances (mm)
{rmg) or dc Condition {mm) Enclosgure 1 Enclosure II
To 150 A 1.5 I.5 1.5

B 3 3 6

C 6 2.5 19
150-300 A 1.5 1.5 1.5

B 3 3 6

c 6 12.5 19
300-600 A 1.5 3 3

B 3 6 6

c 6 12.5 19
800-1000 A 3 9.5 12.5

B 6 19 25

C 12.5 38 50

Condition A. For use where the effect of a sghort circuit is limited to the
unit, and where normal operating power doeg not exceed 50 watts.

Condition B. For use where short circuit protection in the form of fuaes,

oirouit breakers, ete, is provided, and where normal operating power does not
excead 2000 watta.

Condition €. For usge where short circuit protection in the form of fuses,
eircuit breakers, ete, ie provided, and where normal operating power exceeds
2000 watta.
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Enclogure I. Enclogure I ia an equipment enclosure which has no openings, or
in which the openings are so constructed that dropg of liquid or solid
particles gtriking the enclosure at any angle from 0_ to 15_ from the
downward vertical cannot enter the enclosure either directly or by striking
and running along a horizontal or inwardly inclined surface. (#Drip-proof
enclosure for other than motors, generators, and gimilar machinesg® of
MIL-STD-108 meets the description).

Enclogure II. Enclosure II is any equipment enclosure which affords less
protection than enclosure I.

4,3 Wiring arrangement. Wiring shall be arranged to permit bundling by one
or more of the following methods or permanently mounted in cable ducts.

4.3.1 Lacing. Twine shall be in accordance with Type P of MIL-T-713. Tape
ghall conform to MIL-T-43435. Cordage zhall be in accordance with Type 8Kk-4.5
of MIL-I-3158.

4.3.2 Binding. Tape for binding shall be ag specified in MIL-T-43435.

4.3.3 Sleeving insulation. Sleeving insulation shall conform to MIL-I-631,
MIL-I-3160, MIL-I-22076, or MIL-I-23083.

4.3.4 Wrapping and tying. Plastic devices for wrapping and tying of wirea
ghall conform to MIL-S-23180.

4.4 Solderiess wrapped wire connectiong. Soldarless wrapped wire connections
shall be in accordance with MIL-STD-1130. Procuring activity approval iz
required for Navy airborne and Army misgsile application=a.

4.5 Clamped connectionz. In no casa ghall electrical connectionz depend upon
wirea, lugs, terminala, and the like, clamped between a metallic member and
an ingulating material of other than a ceramiec or vitric nature. Such
connectiong shall be clamped between metal members, preferably, such ag an
aggembly ot two nuts, two washerz and a machine szcrew.

4.6 Connectorz, insulation sleeving. Unpotted connectors furnighed as
integral wired in parts of articles of equipment shall have a piece of
ingulating tubing placed over each wire in the connector. The tubing shall be
long encugh to cover the contact and at least 12.5 mm of insulation of the
wire attached to it; but in no case shall the length of the tubing exceed 50
mm. The minimum length of 12.85 mm may be reduced to 4.5 mm where reatricted
volume doea not permit longer tubing (2uch as in minlaturized electronic
gsubarsembliea). The tubing 2hall fit tightly over the contact or be tied
gecurely enough 2o that it will not glide off. If bare wire iz used, the
tubing shall be long enough to extend at least 6 mm beyond the contact, metal
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shell or clamp, whichever projects the farthest. Thisg paragraph does not
apply to connectors with body insulated crimp-on contacts, to insulation
digplacement connectors or mass soldered flat cable connectors, nor does it

apply to wire wrapped connectors in accordance with MIL-S8TD-1130.
5. Information for guidance oni

5.1 Wiring arrangement. All wiring should be arranged in a neat and
workmanlike manner. The usze of preformed cablee and wiring harness is
preferred to the point-to-point method of wiring. Wires zhould be bundled and
routed to minimize electrical coupling. Unlesz suitably protected, wire or
cable attached to sensitive circulte should not be placed adjacent te a
disturbing circuit.

however K golid wirae mav he

.
} SATERI Ve § o wi

N wining. Y may
uged in the equipment, provided auch wir ig Bo insulated or held in place
that it does not fail or show excessive motion likely to result in failure
when the equipment 1g subjected to vibration and ahock encountered under the
apecified mervice conditions. An uninterrupted wire is preferable to a
junction. The following descending order of preference exiata when junctions
are uged, and the choice of the listed junctionz should be determined by
congideration of reliability factors, maintenance factore, and manufacturing
procedures:

8.2 Internal wiring Stranded wire

(1]

n
13
'3
4]
Las ]
1]
]
'3
(1]
(=9

a. Permanent aplices.

b. Bolted connections.

fa) Cannantnng
o, Lannaftarg,

5.3 Wiring protection. The wiring should be secured and protected against
chating due to vibration or movement (such as slide out racks or drawens).
For securing of wiring, polyamide clamps or wrapping and tying devicea with
integral mounting facilities or adhesive bonding are preferred. Metal clamps,
1t used, should be cuszhioned. Individual conductorz thuz secured should lie
eagentially parallel.

5.4 Cable ducts. Where cable ducte are employed, provisions should be made
for the removal of any wire that may become faulty. For example, coversz may
be employed at intervala to aid in the removal of a faulty wire.

§.5 Bend radius. The bend radiuz of polyethylene cable should not be le=zs
than five times the cable diameter to avoid emstablishing a permanent zet in
the cable.
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5.6 Bleeving. Flexible plastic sleeving, either nonflammable, self
extinguishing, or flame retardant, ghould be used on cables subject to
flexing, such as panel door cables. The sleeving should be secured under
cable clamps at each end, and the cable should be formed and secured 2o that
the cable will not be subject to abrasion in it2 normal flexing motion. In
cageg where abrasion cannot be avolded, additional protection z2hould be
provided.

8.7 Panel door cables. Wiring to parts on a hinged door should be in a
gingle cable if poszeible, arranged to flex without being damaged when the
door ig opened and clozed.

5.8 Slack. Wires and cable should be as short az practicable, except that
gaufticlient slack sghould be provided to:

a. Prevent undue stresza on cable forms, wires and connectiona, including
connectlions to resiliently supported parts,

b. Enable parts to be removed and replaced during servicing without
disconnecting other parts,

¢. Facilitate field repair of broken or cut wires,

d. Permit units in drawera and slide out racks to be pullied out to the limit
of the glide or asupport travel without breaking connections. Unlts which are
difticult to connect when mounted, should be capable of movement to a more
convenient position for connecting and disconnecting cablea. When drawers or
racke are fully extended and rotated, if rotatable, the cable bend radiua
gahould not be lesz than three timeas the cable azsembly diameter. When flat
molded cable azsemblies are uzed, the bend radius should not be lessz than ten
times the cable assembly thickness,

e. Permit replacement of the connected part at least twice. Exceptions to
thiz provigion are caseeg where rf leads muat be as short as possible for
electrical reasone, when fixed path rotating igs gpecitied, or the amount ot
glack iz limited by space available,

. Ensure freedom of motion of luga or terminals normally intended to have
gome degree of movement.

5.6 Support. Wire and cable should be properly supported and secured to
prevent undue stresz on the conductors and terminalz and undue change in
pogltion of the wire or cable during and after subjection of the equipment to
gpecified egervice conditions, or after sgervice or repair of the equipment in
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a normal manner. When shielding on wire or cable is unprotected by an outer
inaulation, adequate support is necessary to prevent the shielding from
coming in contact with exposed terminala or conductors. Twine or tape should
not be used for zecuring wire and cable.

5.10 (Cable and harness design. Cableg and separable harnesses should be of
the two-connector type. The two connectora should he of the same number of
contacts and all contacts should be wired point-to-point (i.e., pin 1 to pin
1, pin A to pin A, or pin 1 to pin A and up in sequence). A minimum number of
connector types and contact configurations within a type shouid be uged
congiztent with non-crogsmating requirements and circuit and spare
congiderations.

5.11 Solderless crimp connectiong. Solderless crimp connections sghould meet
the following requirementsz:

a. Insulated, solderlegs luga are preferred and should conform to MIL-T-7828.

b. Where thermal or other congiderations prevent the use of insulated lugs,
non-ingulated solderiesa luge conforming to MIL-T-7828 should be used,
provided they are covered with an ingulating =leeve.

5.12 Fungus protection. Prior to attachment of terminals to prepared lengths
of cables which contain materialas that will support fungus, the ends should
be protected againat entrance of moiature and funguz by treatment with a
fungiocidal varnizh conforming to MIL-V-173 in accordance with MIL-T-182,

69

t

6


http://www.abbottaerospace.com/technical-library

MIL-STDHER54N
REGUIREMENT 70

ELECTRIEAL FILTERS

1. Purpose. This requirement establishes criteria for the selection and
application of electrical filters.

2. Document applicable to Reguirement 70:

MIL-STD-1395 Filters and Networks, Selection and Use of

3. Definitions. Not applicable.

4, Requirements. Electrical filters shall be selected and applied in
accordance with MIL-8TD-13%95.

3. Information for guidance only. Not applicable.

REQUIREMENT 70

20 September 1988
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REQUIREMENT 71

CABLE AND WIRE, INTERCONNECTION

l. Purpose. This requirement establishes criteria for the aelection and
application of electric cable and wire used for interconnection between

unita.

#2. Documents applicable to Requirement 71:

QQ-W-343
MIL-C-17

MIL-W-76
MIL-C-442
MIL-C-3432
MIL-W-5086
MIL-W-5845
MIL-W-5846
MIL-W-5908
MIL-C-7078
MIL-W-8777
MIL-C-13777
MIL-W-168%8
MIL-W-19150
MIL-C-1954%
MIL-wW-22759

MIL-C-23437
MIL-C-24640

MIL-C-24643
MIL-W-25038
MIL-C-27072
MIL-C-27500
MIL-C-88021

MIL-W-81044

Wire, Electrical, Copper (Uninsulated)

Cablea, Radio Frequency, Flexible and Semi-rigid, General
Specification for

Wire and Cable, Hookup, Electrical, Insulated

Cable, Two Conductor, Parallel

Cable (Power and Special Purpose) and Wire, Electrical
(300 and 600 Volts)

Wire, Electrice, Polyvinyl Chloride Insulated, Copper or
Copper Alloy

Wire, Electrical, Iron and Conatantan, Thermocouple

Wire, Electrical, Chromel and Alumel, Thermocouple

Wire, Electrical, Copper and Constantan, Thermocouple
Cable, Electrie, Aerospace Vehicle, (eneral Specification
for

Wire, Electrical, Silicone-Ingulated, Copper, 600 Volt,
200°C

Cable, Special Purpoze, Electrical: General Specification
for

Wire, Electrical, Ingulated, General Specification for
Wire, Insulated, Hard Drawn Copper

Cable, Electrical, Special Purpoge, Shore lze

Wire, Electric, Fluoropolymer-Insulated, Copper or Copper
Alloy

Cable, Electrical, Shielded Pairsa

Cable, Electrical, Lightweight, for Shipboard Usze, General
Specification for

Cable and Cord, Electrical, Low Smoke, for Shipboard Uae,
General Specification for

Wire, Electrical, High Temperature and Fire Reaistant,
@eneral Specification for

Cable, Special Purpogse, Electrical, Multiconductor

Cable, Elactrical, Shielded and Unshielded, Aerospace
Cablea, Twigted Paires and Triplea, Internal Hookup, deneral
Specitication for

Wire, Electric, Crosslinked Polyalkene, Crosglinked
Alkane-imide Polymer, or Polyarylene Insulated, Copper or
Copper Alloy

REQUIREMENT 71
30 June 1882
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MIL-W-81381 Wire, Electric, Polyimide-Inagulated, Copper or Copper Alloy

MS25471 Wire, Electrical, Silicone Insulated, Copper, 600 Volt,
200°C, Polyegter Jacket

MS27110 Wire, Electrical, Silicone Insulated, Copper, 600 Volt,

200°C, FEP Jacket
ASTM AB80-90 Wire, Steel, Stainlese and Heat Resistant
ASTM B33-74 Tinned Soft or Annealed Copper Wire for Electrical Purposes

3. Definitionsa

3.1 Interconnecting wire. Inasulated, single-conductor wire uzed to
carry eleotnie current between units.

3.2 Interconnecting cable. Two or more ingulated conductors contained in a
common covering or one or more inaulated conductors with a greoas metallic
ghield outer conductor uzed to carry electrical ourrent between units.

4. Reguirements

4.1 Wire selection. Selection of wire for interconnection between units
shall be in accordance with table 71-1.

4.2 Multiconductor cable selection. Selection of multiconductor cable for
interconnection between unite shall be in accordance with table 71-II.

4.3 Application restrictions

4.3.1 MIL-W-76 zhall be used for Army application only (mee 4.3.3).

4.3.2 MIL-W-16878 shall not be used for Air Force or Navy aerosgpace
applications.

4.3.3 Cable or wire with polyvinyl chloride insulation shall not be used in
aerospace applicationa. Use of these wires or cablea in any other
application requires prior approval of the procuring activity.

4.3.4 MIL-W-22759 wire with only single polytetrafluoroethylene ingulation
uged in Alr Foree space and missile applications shall require the approval
of the procuring activity.

4.3.% Usge of aluminum wire requires specific approval by the procuring
activity.

4.3.6 Silver plated copper wire shall not be used in applications involving
Army migsile ayatems.
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Information for guidance only

o

5.1 Pulsed or rf signals. All interconnecting cables carrying pulged or rf
gignala should be coaxial cablea or waveguides and should be terminated,
when possible, in the characteristic impedance of the tranamitting media.
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REQUIREMENT 72
SUBSTITUTABILITY

1. Purpoge. This requirement establishea coriteria for the selection and
application of subatitute parts.

2. Documents applicable to Requirement 72:

MIL-STD-480 Configuration Control - Engineering Changee, Deviationzs and
Waivers
MIL-S8TD-983 Substitution List for Microcircults

3. Definitiona. Not applicable.

4. Requirements

4.1 Military partg. Substitution of parts covered by military apecifications
and standards that include gubstitutabillity or supersesazion information is
acceptable. This type aubstitution does not require submission of engineering
change proposalas, deviationz, or waiveras in accordance with MIL-STD-480.

4.2 Commercial parts. When the eguipment design specifiesz a commercial part,
a military specification part may be substituted when the form, fit and
functional characteristics of the military part are equal to or better than
thoge af the gpecified commercial part under equivalent environmental
conditions. Applicable microcircuita are listed in MIL-STD-9B3. Other
gubstitutiong are subject to applicable configuration control procedures of
MIL-STD-480.

4.3 Unavailable parts. When the equipment design apecifies a part that is
unavallable, a substitute part which meets the form, fit and functional
characterigtica of the specified part may be substituted atter approval i=s
obtained from the applicable procuring activity. Applicable microcircuits are
liated in MIL-STD-883. Other subatitutions are subject to the applicable
configuration control procedurea of MIL-STD-480.

4.4 Initial gualifiocstion/reliability demonstration. Substitute partz with
quality/reliability characterigtica guperior to those apecified in the parta
list ghall not be used in equipment to be subjected to initial qualification
or demonatration teste.

5. Information for guidance only. Not applicable.

REQUIREMENT 72
16 December 1886
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REQUIREMENT 73
STANDARD ELECTRONIC MCDULES

1. Purposge. This requirement establishes criteria for the zelection and
application of standaprd electronic modules (SEM).

#2. Documents applicable to Requirement 73:

MIL-M-28787 Moduleas, Standard Electronic, General Specification for

MIL-3TD-1378 Requirements for Employing Standard Electronic Modules

MIL-STD-1388 Deaign Requirements for Standard Electronic Modules

MIL-HDBK-246 Program Managerz @Quide for the Standard Electronic Modules
Program

3. Definitions. Not applicable.

4, Requiremente. Requirements for the degign and application of standard
electronic modules shall be in accordance with MIL-STD-1389 and
MIL-STD-1378. Standard electronic modules shall be in accordance with
MIL-M-28787.

#5. Information for guidance only. Guidance for program and acquisition
managers ag to the applicabllity of SEMs for =zpecific system/equipment

acquigitions is provided in MIL-HDBK-246.

REQUIREMENT 73
30 June 1962
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REQUIREMENT 74
GROUNDING, BONDING, AND SHIELDING

1. Purpose. This requirement establishez grounding, bonding, and gshielding
interface criteria for installation of electronic equipment.

2. Documents applicable to Requirement 74:

MIL-B-5087 Bonding, Electrical,

Quatames
YD wSme

Grounding, Bonding, and Shielding for Common Long
Haul/Tactical Communication Systems Ineluding Ground Basged
Communicatione-Electronics Facilities and Equipments
Shipboard Bonding, Grounding, and Other Techniques for
Electromagnetic Compatibility and Safety Shielding
Electromagnetic Compatibility (EMC) and Grounding
Requirementas for Space System Faclilities

Grounding, Bonding, and Shialding Daezign Practicer

ground, Bonding, and Shielding for Electronic Equipmentz and
Facilities

and Lightning Protection, for Aerospace

MIL-8TD-188-124

MIL-STD-1310
MIL-STD-18542

MIL-8TD-18587
MIL-HDBK-418

3. Definitions. Not applicable.

4. Requirements. Grounding, bonding, and shielding provisions sha
incorporated into equipment deeign, as necessary, to enable installation of
equipment into the applicable platform or facility. The grounding, bonding,
and sghielding installation and interface requirements are gpecified in the
tollowing documents:

1

17 R
11 D&

pr
o

Aerogpace ground support facilities MIL-B-5087

Alrcraft and =zpace vehicles

Ground telecommunicationa C-E equipment
Shipboard equipment

Ground space syatems facilitie=s

Other Army ground equipment

8. Information for guidance only Exten
and sahialddns ma ha nyy l'l" =Unnow.
[-3FL™Y ﬂllll:iul.lls um‘y 9} =3 UIJ L A AN

74

MIL-B-5087

MIL-STD-1688-124
MIL-STD-1310

MIL-STD-1542
MIL-STD-185%

sive guidance for grounding, bonding,

REQUIREMENT 74
15 December 15859
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REQUIREMENT 75
ELECTROSTATIC DISCHARGE CONTROL

1. Purpoge. This requirement offers guidance regarding the handling and
control of electronic parts and assemblies that are sugsceptible to damage or
degradation from electrostatic discharge. IT DOES NOT ESTABLISH REQUIREMENTS
AND MUST NOT BE REFERENCED IN CONTRACTUAL DOCUMENTS. Requirements for the
eatablishment and implementation of an electrostatic discharge (ESD) control
program in accordance with MIL-STD-1686 must be directly z2pecified in the

contract or equipment aspecification.

2. Documents applicable to Requirement 75:

MIL-M-38510 Microcirecults, Qeneral Specification for

MIL-8TD-883 Test Methods and Procedures for Microelectronics

MIL-S8TD-1686 Eleoctrostatic Digcharge Control Program for Protection of
Electrical and Electronic Partz, Aszemblies, and Equipment

(excluding electrically initiated explogive devices)
DOD-HDRK-2673 Elaotnagtatin Nigohandgs Cantnal Handbonk faorn Prnotaction of

& 5 L Sanwbuiwevavss Saohaali g 2i WA W a Adwiaiid wi s vl vas

Electrical and Electronic Parts, Agsembliea, and Equipment
(excluding electrically initiated exploaive devices)

ble terminology may be found in

, and DOD-HDBK-263.

[
oo
[«

4, Requirements. Not applicable.

5. Information for guidance oniy

8.1 ESD control program. MIL-STD-16868 establishes the requirementz for the
egtablishment, implementation, and monitoring of an ESD conirol program,
including identification of electrostatic discharge gensitive (ESDS) items,

alaggifioation aof ESD genzitivity levaelz, control program elements, extent of

program element applicability to each acquisition protective meagures to be

employed in equipment design, handling, storage, and packaging of ESDS items,
protected work areas, personnel training, ESD audits and program reviews, and
tailoring. Appendix A of MIL-STD-1686 establisheg the criteria and procedure

for classifying ESDS parts by tesi. Appendix B of MIL-5TD-1888 identifies and
nlagaifiea ESDS 1tema. DOD-HDBK-263 provides guidelines for the establiahment
and implementation of an ESD control program in accordance with MIL-STD-1686.

5.2 (@eneral guidelines for an ESD control program. Any program degigned for
the preventlion of ESD damage to ESDS parts and assemblies should be based on
the following conalderations:

REQUIREMENT 75
12 February 1988
75-1
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Identification of ESDS parts and assemblies and determination of

Izclation of ESDS parts (Faraday shielding and line transient protection)

:éneitivity

b. Minimization of static charge generation

¢. Reduction of stored charges (grounding)

d.

a. Proper handling, storage, and transportatio
1. Pergonnel training and certification

g. Protected work areas.

75-2
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REQUIREMENT 76
FIBER OPTICS

i. Purpose. Thig requirement eatablishes the coriteria for the gelection,
application and testing of fiber optic material, devices and accesddories,.

2. Doouments applicable to Requirement 76:

MIL-STD-188-111 Subsystem Dezign and Engineering Standards for Common
Long Haul and Tactical Fiber Opticz Communicationsa

MIL-STD-700 Product Assurance Program Requirementz for Electronic
and Fiber Optic Partas Specitfications

DOD-STD-1678 Fiber QOptic Test Methodz and Instrumentation

DOD-STD-1863 Interface Dezigns and Dimensiona for Fiber Optic
Interconnection Devices

DOD-STD-1864 Fiber Optic Symbols

MIL-STD-2163 Insert Arrangements for MIL-C-28876 (Navy)
Environment Resisting Fiber Optic Connectors

MIL-C-22520/10 Crimping Tool, Terminal, Hand

DOD-D-24620 Detector, PIN, Fiber Optic (Metric)

MIL-C-24621 Coupler, Passive, Fiber Optic, General Specification
for (Metrio)

DOD-5-24622 Sourges, LED, Fiber Optic (Metrig)

MIL-5-24623 Splice, Fiber Optic Cable, General Specitication for
{(Metric)

MIL-H-24626 Harnezs Agsembllesz, Cable, Presaure Proof, Fiber

Optic

MIL-P-24627 Penetratora, Bulkhead, Connactorized, Fiber Optico

(for Inboard Usze on Navy Ships and Submarines)

MIL-P-24628 Penetrators, Hull, Connectorized, Connectors,
Presggure Proof, Fiber Optic, Submarine

REQUIREMENT 76
30 October 1861
76-1
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MIL-S-24725

MIL-A-24726

MIL-R-24727

MIL-I-24728

MIL-M-24731

MIL-1.-24732

MIL-C-24733

MIL-F-24734

MIL-T-24735

MIL-M-24736

MIL-R-24737

MIL-C-28876

MIL-T-29504

MIL-F-46201

MIL-STD-454N

Switcheg, Fiber Optic, Shipboard, Electrical
Nonlatching, Bypass, Multimode Cable, Standalone
{Metric)

Attenuatorsg, Fiber Optic, Shipboard, General
Specification for

Rotary Joints, Fiber Optic, Shipboard (Metric),
General Specification for

Interconnection Box, Fiber Optic, Metric, @eneral
Specitication for

Multiplexers, Demultiplexers, Multiplexers,
Demultiplexers (Muldems), Frequency Division, Fiber
Optic, Interfaceable, Shipboard (Metrie), General
Specificaticn for

i
P

ght Soure
t

g, Rigid and Flexible, Fiberazcope, Fiber
ie (Metrie), General Specification for

O i

Controllere, Interface Unit, Fiber Optic {Metric),
General] Specification for

Fiberacope, Fiber Optic (Metric), General
Specitication for

Tranamitters, Light Signal, Analog, Fiber Optic
(Metrio), General Specification for

Multiplexers, Demultipiexers, Multiplexers,
Demultiplexera {(Muldems), Time Diviaion, Fiber Optic,

Specification for

Recejvers, Light Signal, Analog, Fiber Optic,
Shipboard (Metric), QGeneral Specification for

Connectors, Fiber Optic, Environment Registing (for
Navy Shipboard Applications)

Termini, Fiber Optic Connector, Removable

Fiber, Optical, General Specification for

76-2
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MIL-C-4902982

MIL-I-816689

MIL-C-83522

MIL-T-83523

MIL-M-83524

MIL-K-83525

MIL-C-83526

MIL-C-83532

MIL-M-83833

DOD-C-85048

MIL-HDBK-277

MIL-HDBK-278

MIL-HDBK-282

MIL-HDBK-415
Systems

IEC-683-80

IEEE-STD-812-84

3. Definitionsz.

MIL-STD-454N

Cable Assembly, Nonpressurized, General Specification
for

Installing and Removal Tools, Electrical Contact,
@eneral Specitication for

Connectora, Fiber Optic, Single Terminuz, General
Specification for

Toola, Fiber Optic, General Specification for

Microscope, Optical, for Field Inspection of Optical
Fibers

Kit, Portable Optical Microscope, Militarized, 200X
Magnitication for Field Inapection of Optical Fibers

Connector, Fiber Optie, Circular, Environment
Registing, Hermaphroditiec, General Specification for

Connectora, Fiber Optic

Maintenance Kit, Fiber Optic Components, General
8pecifiction tor

Cable, Fiber Optie, Environment Rezisting (for Navy
Shipboard Application), General Specification for

Fiber Optic Checkout Procedure for Military
Applications

System Degign Quide for Applying Fiber Optic
Technology to Shipboard Systems

Fiber Optic Cable Installation Procedures

Deaign Handbook for Fiber Optic Communicationsz

Optical Fibersg, Dimensions of

IEEE Standard Definitione of Terms Relating to Fiber
Optics

3.1 Definitions of terminology used in fiber optics technology ghall be as
contained in IEEE-STD-812.

76-3.


http://www.abbottaerospace.com/technical-library

MIL-STD-454N

4. Requirements

4.1 8ymbology. Graphic eymboles for fiber optic parts for uae on engineering
drawinga, specifications, etc, ghall be az contained in DOD-STD-1864.

4.2 Dimensions. Dimensiona for optical fibers shall be as apecified in
IEC-693-80 and MIL-F-49201].

4.3 Interface degigns and dimensiona. Standard interface designs,
Afmammlans am A ¥+ammimmndina drrmam Fam 1ma tn fihan antia Amrmnantane and
QiAo LWIID alld U!:i uu.unu.l.uu h.’)"y:ﬁ Wi Uuow Jll + AWRF WPYVLL SUNRINTLUWTa anu

couplerg ghall be ag specified in DOD-STD-1863.

4.4 System and subsystem demign. Fiber optic gyatem and subesyaztem degigns
ghall be in accordance with the coriteria gpecified in MIL-STD-188-111 (see

8.1 alao).

4.5 Test procedures. Standardized teat procedures for fiber optic
components shall be as apecified in DOD-STD-1878.

4.6 Light sources.

4.6.1 Light emitting diodes (LEDe). Fiber optic LED sources ghall conform
to the requirements of DOD-S-24622.

4.6.2 Fiberacope light sources. Fiber optic 1ight acurcez for rigid and
flexibie fiherscopes ghall conform to the requirements of MIL-L-247332.

4.7 BSplices. Fiber optic 2plicea shall conform to the requirements of
MIL-8-24623.

4.8 Cables. Fiber optic cables shall conform to the requirements of
DOD-C-B85048.

4.9 Cable agaemblies., Cable assemblieg shall conform to the requirements of
MIL-C-48202.

4.10 Harness asgemblies. Fiber optic harness assemblies shall conform to
dha wmamriilmasmants 4 MTT _B_NHAROR
Ll l'equ;rr:muuun Ji Ml il HTRaU.

4.11 Connectora. Fiber optic connectors shall conform to the requirements
of MIL-C-28876, MIL-C-83822, MIL-C-83526 or MIL-C-83832. Ingert arrangements
tor MIL-C-28876 connectors shall conform to MIL-STD-2183. Hemovable
terminalz for fiber optic connectors ghall conform to MIL-T-20504.

4.12 Penetrators. Fiber optiec penetrators (hull or bulkhead} shall contorm
to the requirements of MIL-P-24627 or MIL-P-24628.

-
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4.13 Detectors. Fiber optic detectors shall conform to the regquirements of
DOD-D-24620.

4.14 Couplers. Fiber optic couplers shall conform to the requirementz of
MIL-C-24621.

4.15 Rotary jointg. Fiber optic rotary joints shall conform to the
requirements of MIL-R-24727.

4.16 Interconnection boxes. Fiber optic interconnection boxes shall conform
to the requirements of MIL-I-24728.

4. 17 Multiplexersz and demultiplexers.

4.17.1 Frequency division. Fiber optic frequency division multiplexers and
demultiplexers ghall conform to the requirements of MIL-M-24731.

4.17.2 Time divigion. Fiber optic time division multiplexeras and
demultiplexers ghall conform to the requirementa of MIL-M-24734.

4.18 Controllers, interface unit. Fiber optic contrellerz shall conform to
the requirements ot MIL-C-24733.

4.19 Fiberscopes. Fiber optic fiberscopes ghall conform to the requirements
of MIL-F-24734.

4.20 Transmitters. analog. Fiber optic analcg transmitters shall conform to
the requirements of MIL-T-24735.

4.21 BReceivera, analog. Fiber optic analog receivers 2hall conform to the
requirements of MIL-R-24737.

4,22 Attenuators. Fiber optic attenuators shall conform to the requirements
of MIL-A-24726.

4.23 8witches. Fiber optic switches ghall conform to the requirementsz of
MIL-8-247258.

4.24 Toole and inapection equipment. Fiber optic tools, inspection
equipment, and related kite ashall conform to the requirements of MIL-1-818608,

MIL-T-838523, MIL-M-83524, MIL-K-83525, MIL-M-83533 and MIL-C-22520/10.

5. Information for guidance only.

8.1 Degign guides. Fiber optic syatem design guide information iz available
in MIL-HDBK-418% and MIL-HDBK-278.
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5.2 Inetallation and checkout procedurezs. @Guidance for installation and
checkout procedures is contained in MIL-HDBK-277 and MIL-HDBK-282.

5.3 Product assurance program. When a requirement exists for the

implementation of a fiber optic product assurance program, refer to
MIL-STD-700.
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ANST BO3.B-T2.. . . ivirinsernnnn 49
ANSI BO3.7-68.................. 49
ANSI B93.8-68.................. 49
ANSI BO3I.OM-68................. 49
ANSI B93.10-89.........00vvunnn 49
ANSTI BO3.11M-81................ 49
ANSI COB.1-82................... 1
ANSI €95.2-82.. ... .. v eriennnnn 1
ANSI N2.1-69...........iivunnrn. 1
ANST Z38.1-72....... . ... 1
ANSI Z35.2-68........ 00 it inuss 1
ANSI Z238.4-73. ... .. . ..., 1
ANSI 283.1-78....... .. ... .. ... 1
ANSI/AWS A2.4-86............... 13
ANSI/AWS A% .0-85............... i3
ANSI/IPC-D-32%2........ .. ... 17
ANSI/IPC-DW-425/11............. 17
ANSI/SAE JS14f................. 40
ANSBI/SAE J818c0...... ..., 40
ASM Metals Hdbk, Vol 1-1978....41
ASTM A20/A20M-88............... 41
ASTM A122-86............cc.... 41
ASTM Al39/A130m-00............. 41
ASTM Al151/A151m-89............. 41
ASTM A206-88a/A206m-87......... 41
ASTM A22B8/A228M-83............. 41
ASTM A313-87........ ... .. .. 41
ASTM AS80-90................ 87,71

Document Requirement

ASTM A6B2-79............ .. ... 41
ASTM AG84/A6B4M-86 ............. 41
ASTM B33-74. ..., 66,71
ASTM Bl9O4-88.............ccvn... 41
ASTM B1O6/BI1G6M-88.............. 41
ASTM BI1O7/BIO7M-8C, . ...... ..., 41
ASTM B822-80.................... 41
ASTM D149-87........ iivvevnnnnn 45
ASTM D4OS-73. ... ... .. 26
ASTM D56B-T7. ... vt i ternnnas 3
ASTM DB35-81......... .. 3
ASTM DIQO00-8B2.................... 3
ASTM DI1B68-81............civn... 45
ASTM D3295-81............ciun... 11
EIA-207-A.......................10
EIA-310-C.....cciiiiieininnnns 55
IEC-603-80........ ... .. 16
IEEE 812-84.............ccovn.. 76
IEEE 200-1878.......... ... ... .... 87
IEEE 1076=1887. ... ... . ... 684
NAS 488........ e e 12
NAS B47. . ... v iiieiinennans 12
NAS 1B86.........00iiv .. 12
NAS 1887 . ... .. it 12
NFPA 70-10890................... 1,8
UL 84-80........000 i, 3
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Subject Requirement Subject Requirement
Abbreviations .. ._................. 67  Conformal coating.................... 17
Accens devices....................... i3 Connections
Aceesibility. ... ...l 36 Accemsibility of ... .. ............ 368
Adaptara Clamped....... e teareenaen s 89
Bt comnecton........................ 10 Crlmp. .o 68
Wavegulde................. ...l 83 Marking of......................... &
Mhegives .. ...... ... ... 23 Soldeped..............ooiiialll 5
Antigeize compound................... 12 Welded...... ... ... 2
Arc-resintant materlals.............. 28 Wire WPap..............llLl LY
Attenuatora, »f... ... ...l B3  Connectore
Barriers, eleetrloal.................. 1 Eleetefeal. ... ..., I, 10
Batterdes..... ... ... .. ...iiiie. " Filter pln.....cvviein i 10
Bearing azsemblies.................... ] Bf coaxdal... ... ... ... ....... 10
Beardngs. ...l 6 Containment........................... 8
Boards Contrala.........ooeiiiiiniiniaa... 28
Macrete wirdng. ........... ... ... 17 Ingulation of....................... I
Printed wiring..................... 17 Flexible ahafts for............ i, 42
Bolta. ... 12 Converters, rotary.powes............. 46
Bonding ‘ Coolimg......oooviiiiiiiiiiies 52
Mheadve .. _..........28  Corona nrevention .. .. ...............48
Rleatpdeal............ooiill, 1, 4  {Corrosion protection............. 18, 186
Beazing. . ... 88  Couplers, directional................ 53
Cabinete.............. et 88  Creepage distance.................... 0
Cable, coaxfal....................... 85 Crystal wnits........................ 38
Cable, multiconductor Derating.....coooiiiiiiiiiiiiiieea 18
Interconnection.................... 71 Deafeemnts....................... 31, 85
Intepmal. .. .. ....ovveian.at.. 86  Devices, microsleotronio............. 84
Capacitors. .............coiviivnennn.. 2  Devices, gemlcondunrtor..........._... 30
Carcinogensl, 4, 11, 23, 26, 43, 44, 47  Dial mechanisms, tuning.............. 42
Cames. . ... 58  DMals, control..............c....onllL 28
Cagtings........ccoovvivinnennnnn.... 21 Diacharging devices................... 1
Circult breakera.................. 8,37 Displaye..... .........coiiiiieanaans 8
Cleaning. ... 8 Dissimilar metals.................... 18
Cleapance ... .. .................0, 80  Dymamobors................cooooonnnl 48
Coaxial cable........................ 63
COILE. ..o 14
Coemepoial parts..................... mn
INDEX 2

15 Deceamber 1989
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Subject Requirement
Eleptrical
Breakdomn. ... oo 13
Connections.............. 9, 10, 24, 89
Filters..............oi..... 10, 70
Ingulating materiale................ 11
Metene. .. e 51
Overload protection.................. 8
oM. i 2%
Electromagnetio
Interfarence control................ 81
Electronic part derating.............. 18
Electron tubes........................ 18
Electrogtatic
Diacharge control................... 78
Sengitive parte............. 30, 64, 78
Embadment......... ...l 17
Encapsulation.. ... ......... ... ... 41
Enclosures..................... 1, 38, 88
Encoders..........ocvviiiiinnennnennns 98
Fabele. ... 1)
Fastener hardware..................... 12
Fastenerg, threaded................... 12
Fiber Opties.............coooi... 76
Fibrous mateprial, organic... ......... H
Filters, sleoctrdeal............... 16, 70
Fimighee. .. ... ... i, 15
Flammabildty........ccovveiiiiiiinnts 3
Flanges, waveguide.................... 83
Funguz ineet materinle... ............. 4
Fungus pretection.............. 4, 44, 60
. Puse holdera..... ..........c...i. 38
FuBeB. ..o i 8, 3
Fusible link devices.... .. ............ 64
Qear traina.............. ...l 43
4TV 48
Genepators. ... .. ... iieeann, if
Grounding... . ... .............. 1,8, ™
Guarde, electrdeal..................... 1
Handlem, control...................... 28
Hardware, fastener. ................... 12
Beatdng............coiiiiiiil, 82
Hookup wire................., e 20

Subject Requirement
Buman engineerdng..................... 82
Bpdeaulios. ... .. ...l 10
Tdentitication marking ........... 0, 87
Indicator lighta...................... 50
Induetora..............ooiiiiiiitt. 14
Inzulating materials,
electrienl. . ..ot 11
Inteschangeabidity.. ... oL 1
Interference,
electromagnetic..................... 61
Interlocks. .. .................co.oa.. 1
Intarnal wiring practices............. 60
~ Tien namez nomemclature. ... .. .... M

Jacka, telephone/test. .. ............. 10
Knobg, control..................... 1, 28
Lacing.......c..ooiiiiiiiiL, 9, 69
Lamps.....oooiiiiii i 80
Leakage distanes .. ................... 11
Legenda. ... ... ..cociiiiiiiiiinn, 67
Light emitting diodes............. 80, 68
Lighte, indicator..................... 50
Lines, »f transmigsion............ 83, 68§
Loada, dummy, »f. ... ......... .. ... 83
Locking devieeg................... 12, 28
Lubricants. ........................ g, 43
Lug terminala .. . ................... 10
Inintainabillty ....................... 54
Markingd. ... 67
Battery 1n3tallat1on ................. i
Diale.. ... . 42
Fuge................ooilll 38, 87
Radioactive materdal.................. 1
Wamning. . ... e, 1
Materials
Avo-preaistant.......... ... ...l 25
Carcinmogens. ...............ccoolll
........... I, &, 11, 23, 26, 43, 44, 47
Electrical ‘inaulating... . ............ 1l
Fabrle.......ooooiviiiiiiiinnes 11
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Subject Requirement
Materiala (cont)
Fibrous organic.........covvvvevnnns 1
Flammable......ccovvencerianiaaninnss 3
Funguz fnert.....coooiiiiniinienanens 4
Glags fibers......oviviiiiniiininians 1
Potding.......oonviiiiiiiiiiii, L AT
) 115 4 1 U 1
MePOUPY. ... 1
Metal finishes.................. ..., 15
Netals, dissimilar.................... 18
Motera, eleetrfeoal.............. ... 51
Microelectronic devices............... 64
Mildew treatment...................... i
Modules
Microolrouit......... .o il 64
Standard electrondo.. ... ......... 3
Moisture pockete....................l 31
Motor-generators. ..................... i
Motore. .. ..o 46
Multiconductor cable
Interconnection..................... )|
Intemnal. ... . ..o 86
Nowenclature. .......................L. H
Nonatandard parts..................... 2
ButB. .o vi e i2
Obsolegcence, mfcrocirouit............ 84
Organic fibrous material.............. 4
Ogeillators, eryetal.................. 38
Overload protection, eleotriea........ 18
Padg, mounbing. .. ............o..ill 60
Panele, enclogure..................... 55
Parts selection and contre....17, 22, 72
Plastic material, insulating.......... 11
Plugs, telephone...................... 10
Pobting.....ocovverniniininnn 10, 47
Power, electrical.................. 1, 15
Printed wirdng............... Neraenes 17
Marking of . ...l 67
Protection
Rleotrical overload.................. 8
High voltage/ourpent.. .............. 1

Subject Requirement
P¥W....ovvvvneents 4, 11, 20, 65, 68, M
Quarts orystal units................. 38
;7Y < AN 36, 58
Badiation (laser,
micromave, E-ray).........00hicnln 1
Radioactive material.................. 1
Readouta............ccoveeiiiiialt, L]
Beference designations............... 67
Bolags.....oocieieiiie i 87
ReliabiMty.......oooiiiiiiiniian, 33
Mleorocireult. .. ...t 64
Prediction............cooiiiilt 64
Resiatance welds. .................... 24
Begiators. .......cocoviiiiiinnnnennnn 33
Resolvera.............cocoiiviinnnnn. 8
Rf connectors...........cveiiiiinann, 10
Rotary power converters.............. 46
Rotary gervo devices................. 56
Safety (personnel hazard)............. 1
1] 1 . 12
Semiconductor deviees................ 3
Sepvo deviees........ ...l 58
Setaorems....... .....ciiiiiinnnn.. 12
. Shafte, control.............. 12, 28, 42
Shielding
Electrical........ocooiiinnen, 1,8, T4
Electromagnetic.................. 81, 1
Shlelds.........covvviiiiiiiii 80
Shock, electrical, effectz of......... 1
Shunts (meter).................ooo.. 40
Signa, accident preveniton............ 1
Sleeving..............coivnennt 11, 69
Socketd........oviiiiiiininnriianeaay 60
Soldering.....oovvveiiiiiiiiniinents 5
Special tools.........coviiiiiiiiiis 83
Splices.......covnviiiiiiiiiiniinee 69
Speinge. ... )
Standard electronic modules.......... 73
Standapd items.................olll 1
P8, .o 8
Strepa velief. .. ...l p1]
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Subject Bequirement Subject Requirement
Structupal welding. . .......... ... ... 13 Trangmission lines, »f................ LX]
Substitutability. ..................... 72 Trangolvera..............c.cioiiiiinn. 88
Switchea...........coviiiiiiiiian, 58 fYube shields.......................... 80
Battleshort........ ...l 1 Tubes, electron....................... 2%
Circult breakers used az............ 37 Tuning dial mechaniams................ 41
Interlook.......oovmvirnniennntss 1 Type designations................. 3, 0
A 1, 83 Varnish, insulating................... 11
Safety.......ooiiiii s 1 Vehieles, ground...................... 28
Wavegulde. .. .............iiin. B3 VHBIC. ... 64
SymbOlOgY. ... 67 Warning labels..................... 1,
SynchPoB........coiii e 88 Washera..................oiell 12
Tachometers............coviiniiinnnnn, 56 Waveguides.......................... 53
Tape Webbing...............liit e 4
Blectrleal..........................1]1 Welding, structural................... 13
Laedmg. ..o 60 Welds, resistance................. 13, 3
Beflactive ... ... . ... .ooveo.... 67 Wire
Perminal boards, atrips............... 18 Bookup. ..ot 20
Terminal luga............. ... ...... 19 Intercomnection................... ..M
Terminations................... 1, 18, 69 Solid or atranded............... 26, 66
Teat provisions................... 16, 31 Thermocouple. .. ..........coveennnn., 20
Therma) desifn....... .. ... ... ..... 52 Mirewrap.............coiiiiiial 20
Thermistors............ccoiieeintL. 33  Wire ldentification................... 20
Thermocouples..................... 10, 20 Wiring
Yhread........cooviiiii e, “ Arrangement...................... 9, 68
Threaded devices. ..................... 12 Comnestor. ... ... ...l 10
Theeads. . ..o, 12 Internal ... ... .................. a0
Toole, gpeedal........................ 83 Printed.......covvmiiiie, 17
Toxic materialz........................] Rigld-flex..........................17
Yransformers..................ieall 14  Workmanship................ ..ol 9
Transdatora.......................... 30
R S e !
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