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FOREWORD

This standard is the technical baseline for the design

MIL-STD-454J
30 April 1984

and construction
of electronic equipment for the Department of Defense. It captures in one
document, under suitable subject headings, fundamental design requirements for
twelve general electronic specifications. The opportunity to focus on a single
document, afforded to contractors, results in substantial savings to the
Government. This standard was prepared and is biannually updated through the
cooperative efforts of Government and industry. The following Government
documents are Intimately associated with this standard:

MIL-I-983

MIL-E-4 158
MIL-E-5400
MIL-E-8189

PIIL-E-8983

MIL-P- 11268
MIL-E-11991

MIL-E-16400

MIL-F-18870

MIL-T-21200

MIL-T-28800

FAA-G-21OO

Interior Communication Equipment , Naval Shipboard, Basic Design
Requirements for
Electronic Equipment, Ground, General Requirements for
Electronic Equipment, Airborne, General Specification for
Electronic Equipment, Missiles, Boosters and Allied Vehicles,
General Specification for
Electronic Equipment, Aerospace, Extended Space Environment,
General Specification for
Parts, Materials, and Processes Used in Electronic Equipment
Electrical-Electronic Equipment, Surface Guided Missile Weapon
Systems, General Specification for
Electronic Interior Communication and Navigation Equipment,
Naval Ship and Shore, General Specification for
Fire Control Equipment, Naval Ship and Shore, General
Specification for
Test Equipment for Use with Electronic and Electrical Equipment,
General Specification for
Test Equipment for Use with Electrical and Electronic Equipment,
General Specification for
Electronic Equipment, General Requirements
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STANDARD GENERAL REQUIREMENTS FOR ELECTRONIC EQUIPMENT

1. SCOPE

1.1 Requirements aDDlicable to electronic eauiwraent. This standard covers
the common requirements to be used in military specifications for electronic
equipment.

1.2 ~ion of requirement>. Revisions of individual requirements are
indicated by a date below the requirement number located at the bottom of the
page. A note, ,Isupersedes Requirement (no. ) (date)”, ia placed in the 10wer

corner of each revised page, opposite the requirement number and date. When
the basic document ia revised, those requirements not affected by change retain
their existing date.

1.2.1 ~K . Although individual requirements are reviewed and updated
or validated biannually (or oftener aa required) , requirements are not redated
unless technical changes are made.

1.3 Method of reference. Requirements contained herein shall be referenced
in the individual specification by specifying this standard and the requirement
number.

1.4 Interrelationship of reau ireme~d. Each requirement is intended to
cover some discipline in the design of equipment, such as a procedure, a
process or the selection and application of parts and materiala. Many of
these disciplines, however, cannot retain a clear-cut separation or isolation
from others ao that when requirements of MIL-STD-454 are referenced in a
specification some requirements will undoubtedly have a direct interre-
lationship with other requirements. This interrelaticnmhip should be taken
into consideration when invoking or using these requirements.

2. APPLICABLE DOCUMENTS

2.1 ~yidual requirements. See each individual requirement for reference
to any applicable documents contained therein. Documents referenced in the
individual requirements apply to the extent specified therein.

2. 1.1 .A6Dlicable issues . Unless otherwise specified, the applicable issues
shall be those in effect on the date of the invitation for bids or request
for proposal. The applicable issue of industry documents shall be the issue
sp<cified.

2. 1.2 CoDies. Copies of specifications, standards, drawings, and publi-
cations required by contractors in connection with specific procurement
functions should be obtained from the procuring activity or as directed by
the contracting of fice”r.

Downloaded from http://www.everyspec.com
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2.1.3 Industrv addresses. Addresses for obtaining documents referenced herein
but not obtainable from the Government are as follows:

AGMA

ANSI

ASt4

AsTM

AWS

NAS

NFPA

UL

American Gear Manufacturers Association
1330 Massachusetts Ave. , NW
Washington, DC 20005

American National Standards Institute
1430 Broadway
New York, NY 10018

American Society for Metals
Metals Park, OH 44073

American Society for Testing and Materials
1916 Race Street
Philadelphia, PA 19103

American Welding Society
2501 NW 7th Street
Miami , FL 33125

National Standards Association
1321 Fourteenth Street, NW
Washington, DC 20005

National Fire Protection Association
470 Atlantic Avenue
Boston, MA 02210

Underwriters Laboratory, Incorporated
207 E Ohio Street
Chicago, IL 60611

3. DEFINITIONS

3.1 As used in this standard, the word “airborne” denotes those applications
peculiar to aircraft and missile or other systems designed for operation
primarily within the earthts atmosphere; !,~pace, ! de”Otes application peculiar

to spacecraft and systems designed for operation near or beyond the upper
reaches of the earth ts atmosphere; and ,raerospace!! includes both airborne and
space applications.

3.2 Other terms are defined in the individual requirements.

4. GENERAL REQUIREMENTS

4.1 ADDli Ca&i~ The requirements contained herein are intended to provide
uniform requirements applicable to electronic equipment and shall be
incorporated by reference in general equipment specifications. Other documents
may reference requirements when applicable.

2
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4.2 ~ election aDDlication standards. When a selection and appli-.
cation standard is invoked in a requirement, the devices or parts selected
shall conform to the applicable military specifications referenced in the
standard.

5. DETAIL REQiJIREMENTS

5.1 Individual requirements for electronic equipment follow.

6. NOTES

6.1 The margins of this standard are marked with asterisks to indicate where
changes (additions, modifications, corrections, deletions) from the previous
issue were made. This is done as a convenience only and the Government assumes
no liability whatsoever for any inaccuracies in these notations. Bidderg and
contractors 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 issue.

Custodians:

Army - ER
Navy - AS
Air Force - 11

Review activities:

Army - AR, AV, CR, ME, MI, TE
Navy - EC, SH, OS
Air Force - 17, 19, 85

Preparing activity:
Air Force - 10

Project GDRQ-0017

Other:
DLA - ES
FAA
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REQUIREMENT 1

SAFETY (PERSONNEL HAZARD)

1. Puroose. This requirement establishes criteria for the design and
development of ❑ilitary electronic equipment to promote maximum safety for
personnel and equipment .

# 2. D Ut~ irement 1:

MIL-B-5087 Bonding, Electrical, and Lightning Protection, For
Aerospace Systems

MIL-STD-131O Shipboard Bonding, Grounding, and Other Techniques
for Electromagnetic Compatibility and Safety
Shielding

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

MIL-HDBK-600 Guidelines for Identification, Markings, Labeling,
Storage, and Transportation of Radioactive
Commodities

ANSI C95 .1-1982 Safety Levels with Respect to Human Exposure to
Radio Frequency Electromagnetic Fields, 300 KHz to
100 GHz

ANSI C95.2-7982 Radio Frequency Radiation Hazard Warning Symbol
ANSI N2.1-1969 Radiation Symbol
ANSI Z35 .1-1972 Accident Prevention Signs, Specification for
ANSI Z35.2-1968 Accident Prevention Tags, Specification for
ANSI Z5?.1-1976 MarkinK Phvsical Hazardg, SafetY Color Code for
NFPA 7011981 -”- Nation~l Eiectric Code -
Code of Federal Regulations, Title 10, Chapter 1, Part 20
Code of Federal Regulations, Title 21, Chapter 1, Subchapter J
Code of Federal Regulations, Title 29, Chapter XVII, Part 1910

3. i!! s. The following definitions apply to Requirement

3.1 c hassig. electrical eaui Dment. The chassiq is a structural : tern
fabricated in such manner aa to facilitate assemblage and interconnection of
electrical or electronic items for the specific purpose of providing a basis
for electrical or electronic circuits. It normally has drilled or stamped
holes to accommodate the items but ❑ay include only the items necessary for its
own mounting and support.

3.2 -. The frame is any construction system fitted and united together,

designed for mounting or supporting electrical or electronic parts or units.

3.3 Ed&aafQ. The design feature of a part, unit or equipment which causes
the item to fail only into a non-hazardous mode.

Supersedes
REQUIREMENT 1

30 August 1983
1-1

REQUIREMENT 1
30 April 1984
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u. General consideration. The design and development of all military
electronic equipment shall provide fail-safe features for safety of personnel
during the installation, operation, maintenance, and repair or interchanging Of
a complete equipment assembly or component parts thereof.

4.1 ~tional considerations. Proper instructions in accident prevention and
first-aid procedures should be given all persong engaged in electrical work to
fully inform them of the hazards involved.

a. Current rather than voltage is the most important variable in establishing
the criterion for shock intensity. Three factors 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 necessary to produce the fatal
current is dependent upon the resistance of the body, contact conditions, and
the path through the body. See table 1-1.

Table l-I. Probable Effects of Shock

1=

Current values (milliamperes )
AC

~-
DC I Effects

Perception
Surprise
Reflex action
Muscular inhibition
Respiratory block
Usually fatal

b. Sufficient current passing through any part of the body will cause severe
burns and hemorrhages. However, relatively small currents can be lethal if the
path includes 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 arc which occurs
when the body touches a high-voltage circuit, and those caused by passage of
electrical current through the skin and tissue. There are various methods of
incorporating adequate safeguards for personnel, many of these methods being
implicit in routine design procedures. However, additional degign requirements
and relative information pertaining to safety of personnel are outlined and
detailed in this military standard. While current is the primary factor which
determines shock severity, protection requirements of this standard are based
upon the voltage involved to simplify their application. All voltages
expressed in this standard apply to the dc value or the rms value for ac. In
cases where the maximum current which can flow from a point is lesg than the
valuea shown above for reflex action protection, requirements may be relaxed
with the approval of the procuring activity.

REQUIREMEN’I 1
30 April 1984

1-2

Supersede
REQUIREMENT 1
30 August 1983
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c. Human engineering factors aFfecting safety should also be considered
when establishing generbl or detailed design criteria. Rigorou9 detailed
operational or maintenance procedures are not acceptable substitutes for an
inherently safe design. Hazard and safety requirements of MIL-STD- 1472 should
be used as a guide.

5. Qectrical. The design shall incorporate methods to protect personnel
from accidental contact with voltagea in excess of 3D volts rms or dc during
nornal operation of a complete equipment. Meana shall be provided so that
power may be cut off while installing, replacing, or interchanging a complete
equipment, aasembly, or part thereof. Personnel shall be protected From
capacitor discharges and when changing fuses or tubeg. The main power ON-OFF
switch located on the equipment (clearly labeled as such) shall cut off all
power to the complete equipment. The power input side of the switch and the
incoming power line connections ghall be given physical protection against
accidental contact. Suitable internal protective meaaures are defined in table
T-II .

5.1 Electrical Dower. Interface with electrical power sources shall be in
accordance with the applicable regulationa or requirements. ( For example,
commercial power input shall be in accordance with NFPA ’70. )

5.2 Ground DOtential . The design and construction of the equipment shall
insure that all external parts, surfaces, and shields, exclusive of antenna
and transmission line terminals, are at ground potential at all times during
normal operation. The design shall include consideration of ground cu~renta
and voltage limits (possible arcing ) established on a bagis of hazardous
location. Any external or interconnecting cable, where a ground is part
of the circuit, shall carry a ground wire in the cable terminated at both
ends in the same manner as the other conductors. In no case, except with
coaxial cables, shall the shield be depended upon “for a current-carrying
ground connection. Antenna and transmission line terminals shall be at ground
potential, except for radio frequency (rf ) energy on their external surfaces.
Plugs and convenience outlets for uae with metal cased portable tools and
equipment shall have provisions for automatically grounding the metal frame or
case of tools and equipment when the plug is mated with receptacle, and the
grounding pin shall ❑ake first, break last.

5.3 Grounding. Ground connections to shieldg, hinges, and other mechanical
parts shall not be made to complete electrical circuits. A point on the
electrically conductive chassis or equipment frame shall gerve as the common
tie point for static and safety grounding. The path from the tie point to
ground shall:

a. Be continuous and permanent.

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

Supersedes
REQUIREMENT 1
30 August 1983

1-3

REQUIREMENT 1
30 April 1984
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c. Have impedance sufficiently low to limit the potential above ground and to
facilitate the operation of the overcurrent devices In the circuits.

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

5.3.1 ilin~ed or all~moun ted Danela and @QCS. Panels and doors containing
meter3, switches, teat points, etc, shall be attached or hinged in such a
manner as to insure that they are at the same ground potential as the equipment
in which they are mounted whether in a closed or open position. Hingea or
slides are not considered adequate grounding patha, therefore doors and panels
with hinges or slides shall be grounded by use of a flexible ground strap. A
ground shall be considered satisfactory if the electrical connection between
the door or panel and the system tie point exhibits a resistance of O. 1 ohm or
less and haa sufficient ampacity to insure the reliable and immediate tripping
of equipment over-current protection devices. Hardware used for mounting of
meters, switches, test points, etc, shall be grounded whenever possible.

5.4 Grounding to cha ssia. ..Ground connection’ to an electrically conductive
chassia or frame shall be mechanically secured by soldering to a spotwelded
terminal lug or to a portion of the chassis or frame that has been formed into
a soldering lug, or by use of a terminal on the ground wire and then securing
the terminal hy a screw, nut, and lockwasher. The screw shall fit in a tapped
hole in the chassis or frame or it shall be held in a through-hole by a nut.
When the chagsia or frame is made of steel, the metal around the screw bole
shall be plated or tinned to provide a corrosion resistant connection. When
aluminum or alumium alloys are used, the metal around the grounding screw or
bolt hole may be covered with a corrosion resistant surface film only if the
resistance through the film is not more than 0.002 ohm.

5.5 Shielding. Except where a conflict with single-point shield grounding
requirements would be created, shielding on wire or cable shall be grounded to
the chassis or frame in a manner specified in 5.4. The shielding shall be
secured to prevent it from contacting exposed current-carrying parts or

- “grounding to the chassis or frame at any point other than the ground
termination. The shielding shall end at a sufficient distance from exposed
conductors to prevent shorting or arcing between the conductor and the
shielding.

5.6 Bonding in hazardous area%. Electronic equipment to be installed in areas
where explosive or fire hazards exist shall be bonded in accordance with
MIL-B-5087 for aerospace systems, MIL-STD-131O for shipboard sytema, and NFPA

70, Chapter 5, fOr ground systems, or as otherwise specified in the detail
equipment specification.

5.7 il@’ds and barrierq. All contacta, terminals and like devices having
voltages between 70 and 500 volts rms or dc with respect to ground shall be
guarded from accidental contact by personnel if such pointa are exposed to
contact during direct support or operator maintenance. Test probe holes may be
provided in the barriers or guards where maintenance testing ia required.

REQUIREMENT 1

30 April 1984
1-4

Supersedes
REQUIREMENT 1

30 August 1983
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5.7.1 ~izh voltage au arding. Assemblies operating at potentials in excess of
500 Volts shall be completely enclosed from the remainder of the assembly and
interlocked in accordance with 5.8.

5.7.2 kermanent terminati~. Termination such as soldered connections to
traflSfOrmers, connectors, splices, etc, which are normally permanent and not
used during routine maintenance testing, may be protected by permanent
insulation such as shrink sleeving, tubing, insulating shields, etc , provided
the material is rated for the potential exposed voltage.

5.7.3 Guardinz o f rf volt-. Transmitter output terminals, antennas and
other devices that carry sufficient radio frequency (rf) voltage to burn or
injure personnel shall be protected from accidental contact in the same manner
aa for ac voltages in the 70 to 500 volt range.

5.8 Interl ocks. Various equipment designs require different approaches to the
use of interlocks. Interlock uge doea not modify any other requirements of
this standard and shall be consistent with equipment or system specifications.
Equipment subassemblies operating in excess of 500 volts shall be considered
guarded from accidental contact only if they are completely enclosed from the
remainder of the equipment and are separately protected by nonbypassable
interlocks. (An example of an equipment where such compartmentalization is
desirable is 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. When a unit is provided with access doors,
covers or plates, these access points shall be interlocked as follows:

a. No interlocks are required when all potentials in excesg of 70 volta are
completely protected with guards or barriers to prevent accidental contact
under all conditions of operation or any level of maintenance.

b. Bypassabl: interlocks are required when voltages between 70 and 500 volts
are exposed when the access door, cover or plate is opened. Note that these
internal voltages are allowed to be unguarded only if they are not exposed
during direct support or operator maintenance.

c. Nonbypassable interlocks are required when any voltage in excess of 500
volts is exposed to accidental contact when the access door, cover or plate is
opended.

5.9 Shortinu ro ds . Shorting rods shall be provided with all transmitting
equipment where voltages are in excess of 70 volts rms or dc. Wherever size
permits, shorting rods shall be stored within the transmitting equipment, be
permanently attached and readily accessible to maintenance personnel. The
permanently attached rod shall be connected through a flexible stranded copper
wire (covered with a transparent sleeving) to the stud provided at the
transmitter main frame. A grounding stud shall be provided in all other
transmitting equipment to permit attachment of a portable shorting rod. The
connection to the stud shall be such that accidental loosening or high re-
sistance to the ground shall be prevented.

REQUIREMENT 1
30 April 1984

1-6

Supersedea
REQUIREMENT 1
30 August 1983
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5.10 Meter safetx. Unless otherwise specified in the equipment specification,
meters shall have provision for overload bypass or alternate protection to
eliminate high voltage potential or current at the terminals in the event of
meter failure.

5.11 H~ olta~e vrQtecti On. When the operation or maintenance of equipment
employing potentials in excess of 300 volts peak could require that these
voltages be measured, the equipment ghall be provided with test points ao that
these voltages can be meaaured at relatively low potential level, but in no
case shall the potential exceed 300 volte peak relative to ground. This may be
accomplished through the application of voltage dividers or other techniques,
such as the use of safety-type panel meters and multipliers. Test points with
voltages above 30 volts shall have the conducting ❑aterial recessed a distance
no- leas than the diameter of the probe hole and a minimum of 0.06 inch. If a
voltage divider is used, the voltage divider resistance between the test point
and ground must consist of at least two equally valued resistors in parallel.
Full details shall be given in the instruction book or maintenance manual as to
the ❑ethod used in the equipment to obtain the voltage at the test points.

5.12 High c rrent Drotecu tion. Power sources capable of supplying high current
can be hazardous, regardless of the voltage at which they operate because of
the arcing and heat. generated if accidentally short circuited. All power
busses eupplying 25 amperes or over should be protected against accidental
~hort circuiting by tools, jewelry or removable conductive assemblies. This
may be accomplished by one or more of the following:

a. Use of guards and barriers.

b. Sufficient space separation to prevent short circuits.

c. Caution - warning signs.

5.13 Discharging de vi-. Discharging devices shall be provided to discharge
high voltage circuits and capacitor unless they discharge to 30 volts within
two seconds or less after power removal. These protective devices shall be
positive acting, highly reliable, and shall actuate automatically when the case
or rack is opened. Shorting bara should be actuated either by mechanical
releaae or by an electrical solenoid when the door or cover is open. When
Peslstive bleeder networks are used ‘to discharge capacitor, the bleeder
network shall consist of a leaat two equal valued resistors in parallel. The
particular discharging device that is chosen must insure that the capacitor is
discharged to 30 volts or leas within two seconds.

5.14 Qmlsctors. electr~. Connectors used to provide separation of or
connection to multiple electric circuits ghall be selected so that it will be
impossible to insert the wrong plug in a receptacle or other mating unit.
Where design considerations require plug and receptacle of similar con-
figuration in close proximity, the mating plugs and receptacles shall be
suitably coded or marked to clearly indicate the mating connections. Plugs
and receptacles shall not be of similar configuration if the major unit
containa explosive items. The design of the connector shall be such that the
operator is not exposed to electrical shock or burns when normal disconnect
methods are used. Exposed pin contacts shall not be energized (hot) after
being disconnected from the socket contacts.

Supersedes
REQUIREMENT 1
30 Augu9t 1983
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6. Radiat ioq

I

6.1 Microwave. radio fre auencv ~~ and laser .ra4Lati0n limits

6.1.1 ADDlicabilitv of federal standards. The design of all equipment for
which a federal standard exists under the Code of Federal Regulations ( CFR) ,
Title 21, Chapter I, Subchapter J , on the Radiation Control for Health and
Safety Act of 1968, shall conform to the appropriate federal standard.

6.1.2 M&rowave and rf radiation. All electronic equipment or electrical
devices capable of emitting microwave or rf radiation between 300 kHz and 100
GHz shall be so designed, fabricated, shielded and operated as to avoid
overexposure of personnel. In areas where unintended radiation levels exist;
equipment design and installation in any unrestricted area accessible to
personnel shall meet the requirements of ANSI C95 .1. Shields, covers, doors,
etc, which when opened or removed will allow microwave and rf radiation to
exceed the above, shall be provided with, nonbypassable interlocks .

6.1.3 X radiation. All electronic or electrical devices capable of producing
X radiation shall be so designed, fabricated, shielded and operated as to keep
personnel exposure as low as reasonably achievable. For equipment and instal-
lation design , shielding requirements shall be maintained at all times 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 position or within 5
cm from the equipment (whichever is closer) in any unrestricted area accessible
to” personnel. In addition, these levels shall be reduced whenever necessary to
ensure that exposed personnel never receive an absorbed dose to the whole body
or any critical organ in excess of 125 millirem per calendar quarter or 500
millirems per year. Other exposure shall be based on application criteria and
limits as required by Nuclear Regulatory Commission Rules and Regulations, CFR,
Title 10, Chapter I, Part 20; OSHA Regulations, CFR, Title 29, Chapter XVII,
Part 1910.96; and FDA Regulation, cFR, Title 21, Chapter I, Subchapter J,
Radiological Health. Equipment which, when shields, covers, doors, etc, are
removed, will allow X radiation to exceed 2.0 mr per hour shall be provided
with nonbypassable interlocks.

I 6.1.4 Laser radiation. Laser equipment and system design, installation, and
written operational and maintenance procedures shall conform to CFR, Title 21,
Chapter I, Subchapter J, Part 1040. If Title 21 cannot be met because of
operational requirements, an exemption shall be requested from the procuring
activity and applicable military lager safety regulations shall be used aa a
design requirement.

6.1.5 Radiation 1evel tests. f X, and laser radiation levelsAll microwave, r ,
emanating from equipment shall be verified by documented tests to demonstrate
compliance with this requirement . When modifications to the equipment af feet
performance or intended function, radiation levels ghall be verified.

REQUIREMENT 1
30 April 1984

Supersedes
REQUIREMENT 1
30 August 1983
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‘1. a.LL@Ea

7.1 Inter?-a. Unless otherwise specified, interlock switches shall conform
to one or more of the following:

a. The interlock is an automatic switch which eliminates all power from the
equipment when an access door, cover or plate is removed.

b. The bypassable interlock is an automatic switch with a manually operated

electrical bypass device to allow equipment maintenance operations. Thi S
bypass device shall be of such design that closing the associated door, cover
or plate will automatically open the bypass device and leave the interlock in
position to function normally. Visual ❑ eans shall be provided to indicate when
the interlock is bypassed.

c. The nonbypassable interlock is a switch which has no provision for bypass.

7,2 Battle short.

a. When required by the individual equipment specification, a battle short
switch shall be provided on the main operating console or assembly to
short-circuit all safety interlocks. An indicator light readily visible to
personnel shall indicate that the battle short switch is ON.

b. If specified in the individual equipment specification, terminals shall be
provided in each separate cabinet or console for connecting of external battle

short switch or switches.

7.3 Safetv switches. Safety switches which will deactivate associated
mechanical drive units shall be provided for the purpose of disconnecting these
units without disconnecting other parts of the equipment. All remotely located
units and assemblies shall have provision for nonoverrideable safety switches
to allow independent disconnect in the associated equipment.

7.4 ~ ride. When circuit considerations require noninterruption
of power for efficient servicing, front pane’1 momentary contact switches may be
used to override interlocks and permit access to the manual override.

● 8. Mechan ical Sszarda. The design of the equipment shall be such as to
provide maximum access and safety to personnel while installing, operating, and
maintaining the equipment. Suitable protection shall be provided to prevent
contact with moving mechanical parts such as gears, fans, and belts when the
equipment is complete and operating. Sharp projections on cabinets, doors, and
similar parts shall be avoided. Doors or hinged covers shall be rounded at the
corners and provided with stops to hold them open. Design of rack mounted
equipment shall maintain the center of. gravity ae low as possible to minimize
tipping over. Equipment design shall include provisions to prevent accidental
pulling out of drawers or rack mounted equipment components which could cause
equipment damage and injury to personnel. Equipment power switches shall be So
designed and located that accidental contact by personnel will not place
equipment in operation.

Supersedes
REQUIREMENT 1
30 August 1983
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8. I Mechanical interconnection The design shall provide positive means to— .
yrevent the inadvertent reverging or nismating of fittings; couplings; fuel,
Oil , hydraulic , and pneumatic lines; mechanical linkage; and instrument leads
and electrical connections. When prevention of !niamating by design
considerations is not feasible, coding or marking shall be employed when
aPProved bY the procuring activity. Coding and marking will not be approved as
a substitute for proper design of items involving explosives, emergency, or
safety critical systems.

8.2 Cathode rav,~. Provision shall be incorporated to protect personnel
from injury due to implosion of cathode ray tubes.

* 8.3 Glass fibers. Glass fiber materials shall not be used as the outer
surface or covering on cables , wire or other items where they may cause skin
irritation to operating personnel. This does not preclude the use of military
specification wire and cable. When maintenance procedures require access to
glass fibers, such as insulation, a proper caution note shall be provided.

8.4 InsulatioQ&f co ntrola. All control shafts and bushings thereof shall be
grounded whenever practicable. Alternative y, the control knobs or levers and
all attachment screws that can be contacted during use shall be electrically
insulated from the shaft .

8.5 Temperature. Where people are involved, and under any condition of
operation, exposed parts, including the enclosure of the equipment, shall not
achieve a temperature in excess of 600C at an ambient temperature of 250C. The
temperature of front panels and operating controls shall not exceed 49°C at the
same ambient temperature.

9. Markinz. signs. taza. an d svmbols

9.1 Marking

a. Guards, barriera , and access doors, covers or plates shall be marked to
indicate the hazard which may be reached upon removal of such devices. When

possible , marking shall be located such that it is not removed when the barrier
or access door is removed. Additionally, hazards internal to a unit shall be
marked adjacent to hazards if they are significantly different from those of
surrounding items. Such a case would be a high voltage terminal in a group of
low voltage devices.

b. Physical hazards shall be marked with color codes in accordance with ANSI
Z53. 1 where applicable to electronic equipment.

9.2 ~s. Danger, caution, etc, signs shall be used in accordance with ANSI

Z35. 1 to warn of specific hazards such as voltage, current, thermal, physical,
etc. The markinga shall be as permanent as the normal life expectancy of the

equipment on which they are affixed.

REQUIREMEN”f 1
30 April 1984

Supersedes
REQUIREMENT 1
30 August 1983
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a. For potentials between 70 and 500 volts, warning signs or shield labels
shall read, as a minimum, ‘! Caution - ( Insert maximum voltage applicable)
volts” . “Caution’n shall be yellow gothic capitals on a black background;
numerical volts and “Voltstn shall be black on a yellow background.

b. For potentials in excess of 500 volts, warning signs or shield labels
shall read, as a minimum, !’Danger - High Voltage - ( Insert maximum voltage
applicable) Volts’g. ‘tDanger ‘a shall be gothic capitals, color white or aluminum
on a red background; numerical volts and ‘iHigh Voltage” shall be black on a
white or aluminum background.

● c. Microwave or radio frequency radiation signs shall be in accordance
with ANSI C95.2. Labels shall 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 excess of those specified in paragraph 6
shall be labeled. Warning signs shall be posted in all areas having electronic
equipment designed to operate between 300 kHz and 100 GHz with intended elec-
tromagnetic radiation levels exceeding those in paragraph 6.

d. ( 1 ) Laser labels shall be in accordance with CFR, Title 21, Chapter 1,
Subchapter J, Part 1040.

(2) Military exempt laser labels: A permanent
all military laser systems that have been certified
Part 1040 ( Performance Standards for Light-Emitting

cAU~

This electronic product hag been exempted

label shall be affixed on
exempt from CFR, Title 21,
Products ) , which reads:

from FDA radiation
safety performance standards, prescribed in the Code of Federal
Regulations, Title 21, Chapter 1, Subchapter J, pursuant to
Exemption no. 76 EL-01 DOD issued on 26 July 1976. This
product should not be used without adequate protective devices
or procedures.

e. Shields which protect personnel from X radiation shall be labeled.

9.3 Uig.a. Coding for accident prevention tags shall be in accordance
A&s 235.2.

with

9.4 F!arkina of radioactive material. The marking or labeling of commodities
containing radioactive materials shall be in accordance with Nuclear Regulatory
Commission Rules and Regulations CFR, Title 10, Chapter 1, Part 20 and OSHA
Regulation CFR, Title 29, Part 1910.96. MIL-HDBK-600 references knOwn
electronic items which require marking and may be used as a guide.

9.5 Svmbola. The following symbols shall be used aa applicable:

a. Ionizing radiation hazard - ANSI N2. 1.

b. Microwave and radio frequency radiation - ANSI C95. 2.

c. Laser symbol - CFR, Title 21, Chapter 1, Subchapter J, Part 1040.

Supersedes
REQUIREMENT 1 REQUIREMENT 1
30 August 1983 30 April 1984
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10. Hazardous and restrictive_ substance. Consideration of the hazard
potential of a substance shall be given prior to material selection.

10.1 Carcinogens. Certain chemicals have been identified in the Occupational
Safety and Health Act ( OSHA) as cancer-producing substances (CarCfnOgenS). ,
Before using any materials which might contain these chemicals, they should be
evaluated in accordance with the CFR, Title 29, Chapter xVII, Part 1910.

10.2 Gases or fumes. The materials, as installed in the equipment and under
service conditions gpecified in the specific equipment specification, shall not
liberate gases which combine with the atmosphere to form an acid or corrosive
alkali, nor shall they liberate toxic or corrosive fumes which would be
detrimental to the performance of the equipment or health of the equipment
operators. The materials also shall not liberate gasea which will produce an
explosive atmosphere.

10.3 MercurK. Materials and parts containing mercury shall not be used
runless uae of mercury is specifically required or approved by the procuring
activity.

10.4 Radioactive materl~. Uge of radioactive materials shall conform to
Nuclear Regulatory Commission regulations and shall require approval of the
procuring activity. Radium shall not be used to achieve self-luminosity.

REQUIREMEN’f 1
30 April 1984
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REQUIREMENT 2

CAPACITORS

1.. RU!2QSQ. This requirement establishes criteria for the selection and

application of capacitors.

2. Documents aDDlicable to Requirement 2:

MIL-C-39006/22 Capacitors, Fixed, Electrolytic (Nonsolid Electrolyte) ,
Tantalum, (Polarized, Sintered Slug) , 850c ( Voltage Derated
to 1250C), Established Reliability, StYle CLR79

MIL-C-39018 Capacitor, Fixed, Electrolytic ( Aluminum Oxide) , General
Specification for

MIL-STD-198 Capacitors, Selection and Use of

3. Selection. Capacitors shall be selected and applied in accordance with
MIL-STD-198 .

3.1 Yariable. comrmession tvoe. Compression (gpring plate) type variable

Capacitors shall not be used.

3.2 Fixed. DaDer dielectric. Paper, paper-plastic, and metallized paper
capacitors in molded cases shall not be used.

3.3 I&ie&~. The use of wet slug tantalum capacitors
(except tantalum cased units in accordance with MIL-C-39006/22) requires the
approval of the procuring activity. For Naval +?ir Systems Command, silver
cased tantalum capacitors shall not be used and tantalum cased capacitors
require approval.

3.4 ~ electrolytic. Fixed electrolytic (aluminum oxide)
capacitors shall conform to MIL-C-39018 and shall ba selected from MIL-STD-198.
Use of aluminum oxide electrolytic capacitors shall require approval of the
procuring activity.

Supersedes
REQUIREMENT 2
1 September 1982

REQUIREMENT 2
30 August 1983
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REQUIREMENT 3

FLAMMABILITY

1. ~ This requirement establishes tests for the determination of
flammability of materials.

2. Documents acm licable to Requirement 3:

MIL-STD-202 Test Methods for Electronic and Electrical Component Parts
ASTIY D568-77 Rate of Burning and/or Extent and Time of Burning of

Flexible Plastics in a Vertical Position, Test Method for
ASTM D635-81 Rate of burning and/or Extent and Time of Burning of

Self-supporting Plaetics in a Horizontal Position, Test
Method for

ASTM DIOOO-82 Pressure-Sensitive Adhesive Coated Tspes Used, for
Electrical Insulation, Methods of Testing

UL 94 Standsrd for Teats for Flammability of Plastic Materials
for Parts in Devices and Appliances

3. General. Flammability is a complex characteristic which combines ease of
ignition, surface flammability, heat contribution, wuoke production, fire
gasses, and fire endurance. Flammability is a function of chemical
composition, physical configuration, temperature, availability of oxygen, and
retardants or additivea.

4. Tests The test used to determine the fire retardant feature shall be the-
test specified in the material specification. If the specification does not
have such a test, testing shall be in accordance with ASTM D568, ASTM D635, or
MIL-STD-202, Method 111, as applicable. Pressure sensitive adheaive tapes
shall be tested in accordance with the flammability test in ASTM D1OOO.
Materials not covered by the above teats shall be tested in accordance with a
procedure proposed by the manufacturer and approved by the procuring activity.
UL 94 is a useful guide for test methods and offers a comparative scale to
define degree of flammability.

5. Additives. Fire retardant additives may be used provided they do not
adversely affect the specified performance requirements of the baaic materials.
Fire retardance shall not be achieved by uae of nonpermanent additives to the
basic material.

Supersedes
REQUIREMENT 3
29 August 1980
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REQUIREMENT 4

FUNGUS-INERT MATERIALS

1. ~. This requirement identifies those materials which are acceptable
nonnutrients of fungus and ecitablishes the conditions or treatments under which
fungus nutrients are acceptable.

2. -e t~ o Reauireme nt~:

ASTM G21-70 Determining Resistance of Synthetic Polymeric Materials to Fungi
Code of Federal Regulations, Title 29, Chapter XVII, Part 1910

3. .L@&e~

a. For new designs, only inherently fungus-inert materials shall be used
except that other materials may be used in hermetically sealed assemblies or
other specifically approved items.

b. For reprocured equipment, if it is necessary to use nutrient materials in
other than the above approved application, they shall be treated by a method
that will render the exposed surface F.ngua-resistant ao that they will pasa
the test of 3.2. When materiala are compounded with a permanently effective
fungicide in order to pass the fungus teat , there shall be no loss of the
original electronic or physical properties required by the baaic materials
specification.

3.1 Fungus SUSCeDtibill&. Group I in table 4-I lists those materials which
are considered not to be nutrient to fungi in all modified states and grades.
Group II lists materiala which are not fungus-inert in all grades and therefore
the fungus resistance of the materials selacted. shall be confirmed by testing
in accordance with 3.2.

3.2 Fungus testing. Group II and treated materials selected for other than

approved applications (see Para 3) shall pass the fungus test specified in ASTM
G21. There shall be no visible growth of fungus after 28 days. Certification
by a qualified laboratory or by the material producer, based upon teat data on
racord that the selected material passed the above test, will be Sufficient
evidence of acceptability.

3.2.1 ~s. All nonplastic materiala to be tested for
fungus-susceptibility in accordance with 3.2, such aa paint, ink, coatings,
adhesives, lubricant, rubber, viscous damping fluids, silicone grease, etc,
shall be prepared in the form of 2-inch gquares or circles no more than
l/16-inch thick for testing. Liquid or paste materials shall be prepared by
impregnating to saturation a sterile sample of glass fabric.

3.3 CarcinORena. Certain chemicals have been identified in the Occupational
Safety and Health Act (OSHA) as cancer-producing substances (carcinogen ) .
Before using any materials which .mlght contain these chemicals, they should be
evaluated in accordance with the Code of Federal Regulations, Title 29, Chapter
XVII, Part 1910. Consideration of the toxicity of a aubatance shall be given
prior to material selection.

Supersedes
REQUIREMENT 4
1 August 1975

REQUIREMENT 4
26 September 1977
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Table 4-1. Fungi Susceptibility of Materials

I GROUP I

I (Fungus-inert in all modif

Acrylics
Acrylonitrile-atyrene
Acrylonitri le-vinyl-chloride

copolymer
Asbestos
Ceramics
Chlorinated polyether
Fluorinated ethylenepropylene

copolymer ( FEP)
Glass
Metals
Mica
Plastic laminates:

Silicone-glass fiber
Phenolic-nylon fiber

?d states and grades)

II Polyamide
Polycarbonate
Polyester-glass fiber laminates
Polyethylene, high density

(above 0.940)
Polyethylene terephthalate
Polyimide
Polymonochlorotri fluoroethylene
Polypropylene
Polystyrene
Polysulfone
Polytetrafluoroethy lene
Polyvinylidene chloride
Silicone resin
Siloxane-polyole fin polymer
Siloxane-polysty rene

GROUP II

I ( Not funmis-resistant in all zrades:
fungui-resist&ce shall b

ABS (acrylonitrile- butadiene-styrene )
Acetal resins
Cellulose acetate
Cellulose acetate butyrate
Epoxy-glass fiber laminates
Epoxy-resin
Lubricants
Melamine-formaldehyde
Organic polysulphides
Phenol-formaldehyde
Polydichlorosty rene

eatabli~hed by test)

Polyethylene, low and medium
density (0.940 and below)

Polymethyl methacrylate
Polyurethane (the ester types

are particularly susceptible)
Polyricinoleates
Polyvinyl chloride
Polyvinyl chloride-acetate
Polyvinyl fluoride
Rubbers, natural and synthetic
Urea-formaldehyde

I

l/ Literature shows that under certain conditions polyamides may be attacked
by selective micro-organisms. However, for military applications they are
considered group 1.

REQUIREMENT 4
26 September 1977
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REQUIREMENT 5

SOLDERING

1. ~ o C. This requirement establishes procedures for making soldered
electrical and electronic connections.

2. Documents auDli cable to ReqMrement 5:

O-E-760

o-T-236
QQ-S-571
TT-I-735
MIL-F- 14256
MIL-P-28809
@lIL-P-50884
MIL-T-81 533

MIL-P-81728
MIL-STD-202
MIL-STD-275
MIL-STD-750
MIL-STD-883

Ethyl Alcohol [Ethanol ), Denatured Alcohol, and Proprietary
%lventa
Tetraohloroethy lene ( Perchloroethylene ) Technical Grade
Solder; Tin Alloy; Tin-Lead Alloy; and Lead Alloys
Isopropyl Alcohol
Flux, Soldering, Liquid (Rosin Base)
Printed Wiring Assemblies
Printed Wiring, Flexible, General Specification for
Trichloroethane 1, 1, 1 (Methyl Chloroform) Inhibited, VaPOr
Decreasing
Plating, Tin-Lead ( Electrodeposited )
Teat Methods for Electronic and Electrical Component Parts
Printed Wiring for Electronic Equipment
Test Methods for Semiconductor Devices
Test Methods and Procedures for 14icroelectronics

3. &&.eCLala

3.1 w. Rosin f luxea conforming to types R or RMA of MIL-F- 14256 shall be
used for making electrical and electronic connections except that type RA flux
of MIL-F- 14256 may be used on assemblies which will subsequently be tested for
and conform to the cleanliness requirements of MIL-P-28809. However, solid
wires with sleeve type insulation or stranded or braided wirea shall not be
soldered utilizing type RA flux. For the Army Electronics Research and
Development Command ( ERADCOM), Communication Electronics Command ( CECOM),
and Avionics Research and Development Command ( AVRADCOM), the use of RA flux
requires approval. For fluxing purposes, a soldered joint which functions ag
both a ❑echanical and an electrical connection (for example, in grounding
applications through a chassis) shall be considered an electrical connection.

3.2 &J.&.c. Unless otherwise specified by the procuring activity, the solder
alloy shall conform to composition Sn60, Sn62, or Sn63 of QQ-S-571. The flux
of flux-cored solder shall be type R or RMA of QQ-S-571, excePt that the cOre
may be type RA flux in solder used only on assemblies and connections which
will subsequently be tested for and conform to the cleanliness requirements of
MIL-P-28809 . However, stranded or braided wires or solid wires with sleeve
type insulation shall not be soldered utilizing type RA flux. For the Army
Command9 listed in 3.1, the use of RA flux requireg approval.

Supersedes
REQUIREMENT 5
30 June 1979

REQUIREMENT 5
15 Maroh 198o
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4. -C&ion Of c~tOrs and terminala

4.1 Stripvinu insulation Sufficient insulation shall be stripped from the—.
wire or leads to provide for insulation clearances as specified in 5.1.4. In
stripping insulation, care should be taken to avoid nicking or otherwise
damaging the wire or the remaining insulation. The number of damaged or
severed strands in a single lead shall not exceed the limits given in table
5-I. Leads used at a potential of 6kV or greater shall have no broken gtrands.
Insulation discoloration resulting from thermal stripping i9 permissible.

TABLE 5-1. Limits.

Maximum allowable nicked
Number of stranda or broken strands

Less than 7 0
7-15 1

16-18 2
19-25 3
26-36 4
37-40 5

41 or more 6

4.2 Cleaning of conductors and terminala. Conductor surfaces to be soldered
shall be clean prior to soldering. Cleaning may be as follows:

a. Greaae and oil shall be removed from conductors and terminals by applying
a noncorrosive solvent such as: 1, 1, 1-trichloroethane conforming to
?lIL-T-8 1533; ethyl alcohol conforming to O-E-760, type III or isopropyl alcohol
conforming to TT-I-735; or tetrachloroethy lene conforming to O-T-236 .

b. Oxides and varnishes shall be removed by methods which do not damage leads
or parts, and which do not cause contamination or hinder solder wetting.

I c.

d.

4.3

Sand blaating shall not be used.

Dust or other loose matter shall be removed.

i&e~inning (D resolder co sting) conductors qnd term ins. Wire and part
I leads, with or without attached terminals, shall meet the solderabilitv

requirements of Method 2026.3 of MIL-STD-750 for semiconductors, Metho~ 2003.2
of MIL-STD-883 for microelectronics , and Method 208 of MIL-STD-202 for other
electrical and electronic component partg. Pretinning (presolder coating) of
electroplated tin-lead in accordance with MIL-P-8 17.28, or hot dip solder which
is 0.0003 inch minimum thickness may be used on parts which will subsequently
be soldered. Tinning of a stranded wire shall not obscure the wire contour at
the termination end of the insulation to permit inspection of the wire for
damage. Heat einks shall be applied to leads of heat eensitive parts during
tha tinning operation. The preconditioninglpretinning solder pot shall be
maintained in accordance with 7.4.2. Wicking, the capillary flow of solder
along the wire, is permitted; however, solder ehall not obscure the contour of
the conduc~or at the termination of the insulation. The leads of all devices
to be planar mounted shall be pretinned prior to installation.

Supersedes
REQUIREMENT 5 REQUIREMENT 5
15 March 1980 30 June 19’79
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~~

Attachment of wires and lead 9’ to t er~s

1 Wir~ wr -arQ@. Leads and wires shall be mechanically
secured to their terminals before soldering. Such mechanical securing shall
prevent motion between the parts of a joint during the soldering operation.
Leads and wires shall be wrapped around terminals for a minimum of one-half and
not more than one full turn in a single layer only (see figure 5-1). For. AWG
30 or smaller wire, a maximum of 3 turns may be used. Exception is made in the
case of those small parts used for terminating conductors and to which such
mechanical securing would be impracticable, such aa connector solder CUPS,
slotted terminal posts, heat shrinkable solder devices, etc. Lead extension
shall be restricted to the limits required by design to prevent equipment
malfunction. In no case shall wires be wrapped on each other.

a. Full Turn b. 314 Turn c. 1/2 Turn

FIGURE 5-1. Wire and lead wra~ ar ound .

5.1.2 Lead b end~. The distance between the body of the part or weld and the
bent section of a lead shall be at leaat twice the diameter of the lead but not
less than 0.030 inch. Radii of bends shall conform to figure 5-2.

@

0.030MIN
STBAICWT
n 2 DIA

L.-m. -
a. Standard Bend

b
0.030wIN
STRAIGHT
m2Du

L,
u we..

- UA

b. Welded Bend

W
FIGURE 5-2.

Supersedes
REQUIREMENT 5
30 June 1979

REQUIREMENT 5
15 March 1980
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5.1.3 Stress relief Axial or opposed lead devices with leads terminating at—— .
a connection point shall have a minimun lead-connection-to-body offset of at
least 2 lead diameterg or thicknesses (but not less than 0.030 inch) as an
allowance for stress relief to minimize tensile or shear stress to the soldered
connection or part during thermal expansion. Where the component body will not
be secured to the mounting surface by bonding, coating or other means, the
lead (s) on only one of the opposing sides of the component need be so
configured. Typical examples of stress relief are included in figure 5-3.

Devices with bodieg either Alternate method for devices
secured or unsecured to with unsecured bodies
mount ing surface

-m-- ---=+--
A A

-- --4--

i i i

A ~ 2 times lead diameter or thickness but not less than

FIGURE 5-3. TVDical str~mrelief ben as.

5.1.4 Insulation c1 earan~. Clearance between the end of the
the solder of the connection shall be as follows:

0.030 inch

insulation and

Minimum clearance: The insulation shall not be imbedded in the solder
~;int. The contour of the conductor shall not be obscured at the termination
end of the insulation.

b. Maximum clearance: Clearance shall be less than two wire diameters
(including insulation) or 0.060 inch, whichever 18 larger, but shall not
shorting between adjacent conductors.

permit

REQUIREMENT 5
15 March 1980

Supersede
REQUIRENSNT 5
30 June 1979
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5.2 AttackQent of wires and leaaticsuto cn’int~r~a~. Direct

attachment of wires and leads to printed terminal areas shall conform to
MIL-STD-2’75 or 141L-P-50884, as applicable. Wire insulation clearance shall
confmm to 5.1.4.

6. Manual aolderin’o

6.1 Precleaning. Cleanliness of part leads and printed wiring surfaces shall
be sufficient to insure solderability.

6.2 Wing flux. When used, liquid flux shall be applied in a thin, even
coat to those surfaces being Joined prior to application of heat. Cored solder
wire shall be placed in such a position that the flux can flow and cover the
joint as the solder melts. Flux shall be so applied that no damage will occur
to surrounding parts and materials.

6.3 ADDIVin&? heat. The areas to be joined shall be heated to cause melting of
the solder and wetting of the surfaces. Excessive time (slow heating) and
excessive temperature shall be avoided to Prevent unreliable jOints and damage
to parts. Heat ginks shall be used for the protection of parts, aa required.
Parts, wire insulation, or printed wiring boards which have been charred,
melted, or burned shall be replaced. When heat has caused part materials to
discolor, further evaluation shall be performed to ascertain whether the
essential properties have been adversely affected; if so, the item shall be
replaced.

6.8 ADDIVinR solder. The areas to be joined shall be at the correct
temperature, then the solder shall be applied to the joint and not to the
soldering iron; however, a very small quantity of solder may be applied at the
place where the iron tip touches the joint to improve heat transfer. When the
solder-preform method is used, the solder may be applied to the joint prior to
heating.

6.5 &LQlti. No liquid shall be used to cool a soldered connection. The
connection shall be cooled in air at room temperature only. Heat sinks may be
used to expedite cooling. The connection shall not be subjected to movement or
stress at any time during the cooling and solidification of the solder.

6.6 Resoldering. Care should tie taken to avoid the need for resoldering.
When resoldering is required, the quality standards for the resoldered con-
nection shall be the same as for the original connection. A cold golder or
disturbed joint will require only reheating and reflowing of the aolder.

6.7 Flux r esid ue removal. Flux residues shall be removed within one hour
after soldering by applying appropriate noncorrosive solvents as specified in
4.2. a and drying. Mechanical means such as agitation, brushing, etc, may be
used in conjunction with the solvents. The cleaning solvents and methods used
shall have no deleterious effect on the parts, connections, and materiali being

cleaned. Ultrasonic cleaning may damage certain parts, particularly
transistors, and should generally be avoided.
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7. Automatic solderinx f~r Drinted wirinK assembw

7.1 Precleaning.. Cleanliness of the part leads and printed wiring surfaces
shall be sufficient to insure solderability.

7.2 Flux aDDlication. Liquid’flux shall be applied by the dip, spray, brush,
roll , wave, or foam method and shall form a thin coating on the surface. The
flux may be thinned aa necessary to meet the requirements on flux application;
however, the flux shall still meet the requirements of 3.1. Drying the flux to
a tacky consistency before wave soldering will prevent solder splatter.

7.3 Preheating. Preheating the printed wiring assembly before soldering is
advieable and will improve solder flow and reduce the required dwell time. The
preheat temperature shall not exceed the maximum temperature rat ing of parts.

7.4 Solder bath. The solder bath shall be maintained at a temperature of 232°
to 288°C ( 450° to 550°F) . The temperature and the time of contact between the
assembly and the aolder shall be dependent upon such factors as preheating,
thickness of board, number of contacts or conductors, and the type of parts.
The period of exposure of any printed wiring board to a solder bath shall be
limited to a duration which will not cause damage to the board or parts mounted
thereon. In no case shall the temperature or length of time be such as to
cause damage to heat-sensitive parts. Periodic inspections of the solder bath
shall be made to insure that contamination levels meet the requirements of
7.4.lb.

7.4.1 Maintenance of solder vu rity. To maintain the proper purity of solder,
the following procedures shall be adhered to in wave soldering of printed
wiring assemblies.

a. Before soldering a printed wiring board, all dross appearing on the surface
shall be removed. To prevent contamination of the solder, stainless steel or
pol ytetraf luoroethylene ( TFE) shall be used for stirring solder and removing
dross. Dross blankets may be used provided the blankets do not contaminate the
solder.

b. If the amount of any individual contaminant or the total of contaminants
listed exceeds the percentages specified in table 5-II, the solder shall be
replaced or altered to be brought within specifications.

7.4.2 Ingpe ction for sold er Duritl. Solder in solder batha shall be
chemically or apectrographically analyzed or renewed at the testing frequency
levels shown in table 5-11, column B. These intervals may be lengthened to the
eight-hour operating daya shown in column C when the resultg of analyses
provide definite indications that such action will not adversely affect the
purity of the solder bath. If contamination exceeds the limits of table 5-II,
intervals between analyses shall be shortened to those eight-hour operating
days shown in column A or less until continued purity has been assured by
analyses. Records containing the results of all analyses and solder bath usage
shall be available to the procuring activity.
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7.4.2.1 Guidelines. The information provided in the right column of Table
5-II is presented to assist in the monitoring of the soldering operation and
may be used to indicate a need for increased frequency of testing, other than
that shown in columns A, B, and C, to insure proper purity levels.

7.5 ~sl~. Flux residues shall be removed in accordance with
6.7.

7.6 Earfi. The automatic soldering operation may be repeated once,
provided that the reheating and resoldering does not introduce degradation of
parta or printed wiring boards.

7.7 TOuchuD . Manual soldering as specified herein is permitted, if necessary,
to remove solder projections, icicles, and bridges of solder, or to add solder
to the part connection area. The quality standards for touchup shall be the
same as for the original work.

8. Addi t iona 1 solderi n~~co~d~r-a. It ia not the intention of Requirement 5”
to exclude other acceptable procedures for applying flux and solder in making
soldered electrical connections. However, the methods used must produce

‘ completed solder joints equivalent to the acceptable joints described in this
requirement . The following requirements apply: (See para 3, 4, 5, 6, 7, and

appropriate gubparagrapha. )

a. Preparation and cleanliness of parts and wires

b. Proper attachment of wires and leads

c. Materials -

d. Application

e. Temperature

fluxes, solders, and cleaning solvents

of fluxes and solders

control

f. Postgoldering cleaning. Terminations made with devices having premeaaured
amounts of solder and type R or RMA flux encapsulated in a preformed,
transparent, heat shrinkable, self-sealing insulating material do not require
flux removal.

8.1 Tv!Jical Drocedurea. The following are typical additional acceptable
soldering procedures:

a. Dip (solder bath)

b. Hot-plate

c. Induction

d. Hadiation

e. Hot-gas-blanket.

Supersedea
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8.2 So~. Soldering guns shall not be used.

8.3 til_Egol . Steel wool shall not be used.

9. Definitions

9.1 Soldered connection. A soldered connection is an electrical connection
which employS solder for bonding two or more metals with an alloy ( solder) .

9.2 -. Solder is a metallic alloy, usually of lead and tin, used to
mechanically and electrically join metallic surfaces by solidification
following the wetting action of the melted alloy.

9.3 Solderinz. Soldering is a process in which metallic surfaces in close
physical proximity are joined by the wetting and subsequent coalescence of
liquid solder having a much lower ielting point (generally below 2040C) than
any of the metals being joined.

9.4 tim~s. A terminal is a tie. Doint device used for the purvose of
making electrical connections. Solde; type terminals in
turret, bifurcated (slotted ), book, eye, tab, and solder

9.5 Pm.lkarl . A part lead is a solid or stranded wire
connection and, in some cases, as mechanical support for
or assemblies.

9.6 ~a~. A lead extension is that part of a
extends beyond the soldered connection.

common- us> include:
cups .

that serves as a
small electronic part9

lead or wire that

9.7 m. Flux is a chemically active compound that is capable of promoting
the wetting of metalg with solder.

9.8 Wetting. Wetting is the free flow and spreading of solder on a metallic
surface to form an adherent bond.

9.9 ~l~lder ioin~. A cold solder joint is an unacceptable solder joint
due to poor wetting and insufficient heat.

9.1o -in solder annection. A rosin solder connection is an unsatisfactory
connection which contains entrapped flux.

9.11 Disturbed solder ioi~~. A disturbed solder joint is an unsatisfactory
connection resulting from relative motion between leadlwire and the terminal
area during solidification of the solder.

9.12 Reflow soldering. Reflow soldering is a process for joining parts by
tinning the surfaces, placing them together, heating until the solder fuses,
and allowing to cool in the jointed position.

9.13 ~1. Dewetting is a condition which results when the molten solder
has coated the surface and then receded leaving irregularly shaped mounds of
solder separated by areas covered with a thin solder film; basis metal not
exposed.

Supersedes
REQUIREMENT 5 REQUIREMENT 5
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9.14 Nonwetting. Nonwetting is a condition
❑olten solder but the solder has not adhered

9.15 Excessive solder. Excessive solder is

wherein ‘a surface has contacted
to all of the surface.

a condition resulting in an
unsatisfactory connection because the contour of the elements of ~he connection
are completely obscured or the solder has overflowed beyond the confines of the
connection area.

9.16 sol der oro iection. A solder projection is an undesirable protrusion from
a solidified solder joint or coating.

9.17 Planar mou~~ed devices. Terms that apply to flat or round leads of
planar mounted devices are defined in figure 5-4.

LOWER

KNEE

&

LEAD

BENDRADIUS %

Y UPPER BEND
.<X

HEEL

TOE
FOOT

RADIUS

\clRcuIT PAD

FIGURE 5-4. Planar mounm~evices - definitms.

10. Wa@in shi D. Workmanship shall be of a level of quality adequate to
assure that the processed products meet the performance requirements of the

applicable drawings and criteria delineated herein. The soldered connections
shall have a smooth bright appearance with metallic luster and shall not have a
chalky, gritty or irregular surface, nor exhibit protrusions, pits, or voids
which expose basis metal or where the bottom of the pit or void is not visible.

10.1 InsD ection. Visual inspection of all soldered connections and assemblies
shall be performed to determine conformance to the requirements specified
herein.

11. &xmUce iect criteria. Accept/reject criteria for soldered connections
shall be in accordance with figures 5-5. through 5-35.

REQUIREMENT 5
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.015
MIN

R = 2T OR 2D MIN

1
j

45°M(i
100°MAX

Leads shall be supported during forming to protect lead-to-body seal. Bends
shall not extend into seal. Lead bend radius shall be two thicknesses or two
wire diameters minimum. The angle of that part of the lead between the upper
and lower bends in relation to the mounting pad shall be 45° minimum to 100°
maximum.

FIGURE 5-5. flanar mount ed deviceg - lead fo m ng.

ACCEPT REJE;Ti
.010MIN

-~

Parts mounted over protected surfaces, or surfaces without exposed circuitry,
may be mounted flush. Parts with electrically conducting bodies over exposed
circuitry shall have their leads formed to allow a minimum of .010 inch between
the bottom of the component body and the exposed circuitry.

FIGuRE 5-6. na mou ed~ ing.

FIGURE 5-7.

Minor lead deformation shall be allowed, provided
none of the following conditions exist:

No evidence of a short or potential short
deformation.
Lead or body is not damaged by the deformation.
Top of lead does not extend beyond top of body.

Planar mou~. rmi q.
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Minimum contact length shall be equal to the lead width for flat leads and two
tlmea the diameter (2D) for round leads. Heel must be completely over pad area.

FIGURE 5-8. Planar mounted dev ices - oart Chcm?nL.

w

25$W
hyx LEAD

/

‘2-f-,PAD I‘J, 141
\PAD

Flat leads may have side overhang, provided the overhang does not exceed 25$ of
the lead width and that minimum clearance is maintained.

FIGURE 5-9. mounted devioee - Dart Dla ~.

REQUIREMENT 5
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MINIMUM

ACCEPTABLE
(7

L 6
LEAD AT EDGE

OF PAD

flattened, or coined leads shal ,1

6
REJECT

SIDE
OVERHANG

{

L

not exhibit any side overhang.

FIGURE 5-10. Plana r Luount ed devic es - Dart Qk@aQLlk.

a25%WORDI’W

*

*

*

lW OR 2D
Toe e% of leads may overhang the pad,
provided the minimum conductor spacing is
maintained, that the total overhang does
not exceed 25% of the lead width Or

>

diameter (round leads) , and that the
minimum &ontact length i9 maintained.

FIGURE 5-11. Planar mOunted devices - Dart placement.
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Round and flat leads shall be placed so that the heel does not extend beyond tbe
edge of tbe pad.

FIGURE 5-12. Planar mounted devices - Dart Dlac ement.

Toe curl, if present
exceed two times the

on leads, shall not
thickness (2T) .

FIGURE 5-13. Plan ar mounted dev ices - Dart Dlacm n.

Lead may be raised off the pad surface a maximum of two lead thicknesses or 1/2
lead diameter.

Figure 5-14. Pla nar Mounted Devices - Part Plac-

REQUIREMENT 5
15 March 1980
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Minimum solder fillet height on round leads shall be 25% Of

The outline of the lead must be discernible in the solder.

a/’ \\

the lead diameter.

FIGURE 5-15. Planar mounted devices - titifilleta.

LEAD +

PAD

&

SOLDER 4“[\\b\
-*

,\ \\\///II\\ -+,$

Flat leads
lead. The

shall exhibit a visible fillet rising from the pad to the top of the
outline of the lead must be discernible in the solder.

FIGURE 5-16. planar MOunted devic es - sold er filleti.

MIDPOINTBETWENUPPERAND
LOWERBENDPOINTS

\

Hi&%
MXIHMACCEPTABLEHEELFILLET

FIATAfUIRDUkIILEADS

MIOPOINTOFLOWERBENORADIUS
I

*L
llINI?llMACKPTABLEHEELFILLET MHIMMACCEPTABLEHEELFII

FIATLEAD RDLWDLEAD
SET

The heel fillet shall be continuous between the heel of the lead and the circuit
pad. The heel fillet shall extend to the midpoint of the lower bend radius for
flat leads. The heel fillet shall extend beyond the full bend radius for round
leada. The aolder fillet for any lead shall not extand beyond the midpoint
between the uppar and lower bend points.

FIGURE 5-17. planar mounted dev ices - sold er fill eta.
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HEATERBAR PROBE OR HOLD DOWN MARK

&

TOOLMARK

f

*

*
“*>

These tool marks shall not be cause for rejection.

FIGURE 5-18. ~~nted device~der fillets.

*

OVERHANGPADEDGE

““-+

,.

LEADEND
DISCERNIBLE

~

SOLDER-BRIDGEO

SOLDER
OVERHANGS

MAXIMUMAt#)UNTOFSOLDER
SOLOERPROTRUSION—/’

EXCESSSOLOER

FIGURE 5-19. Plated-thru holes - amount of sol der on Ioint.
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CONCAVEFILLETWETS

‘---- ‘oG[ m wi’ti?&Y

. HOLE@ ATT&~ / uFt’tK I

J
‘ 7/

Q.!. .>

TOP ,Q,/
SOLDER RECESSED
2S$OFBOARD
THICKNESS,MAX.I

w //--- .

MINIMUMAMOUNTOFSOLDER INSUFFICIENTSOLDER

FIGURE 5-20. P&&es!=uw..hdes - mount Of solder on loin t.

110M VIEW

*-

SATIN LUSTERANOFREEZE-LINE SURFACE CRACKED,GRITTVOR

PATTERNS(QUILTING) PRESENT GRANULARAPPEARANCE

FIGURE 5-21. Plated-thru hti- solder Sur face characteristics.
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SMALLINCLUSIONIN FILLFTOOESNO1
CONSTITUTEDEWElllNG.
SURROUNDINGAREASWELLWETED.

FILLETMAY BE CONCENTRATEDON
ONESIDEOF PAD.
NO DEWFlllNG IN EVIDENCE.

SOLDERDOESNOTCOMPL~ELYCOVER
SURFACESOR DOESNOTFEATHER
TO LEADOR PAD SURFACES.
SOLDERGATTiERSINTO DROPL~S Otl BALLS.

FIGURE 5-22. Plated-thru holes - solder wettin~.

.%/

ACCEPT

.Y
,.
*

TOPVIEW

@TOM VIEW

@-

.*

e

BOTTOM OF VOIDS VISIBLE

FIGURE 5-23. P_la.ek4@dQks_- voids.

BOTTOM OF VOIDS NOT VISIBLE

REQUIREMENT 5
15 March 1980

/ 5-18

Supersedes
REQUIREMENT 5
30 June 1979

Downloaded from http://www.everyspec.com



MIL-STD-454J

MINIMUM ACCEPT RElECT

@f?

~

SOLDERFILLEF10YA COMPLFM.
CONTOUR OF LEADIS DISCERNIBLE.
HEEL OF LEADIS WETTEDWITH SOLDER,

SOLOER SHALLFILLHOLE 75% OF
BOARD THICKNESSMINIMUM.

FIGURE 5-24.

MINIMUM ACCEPT

0

~ “’

,, i

L.

a““.’L”””:,
‘. . .._ .,

@

. -..,@..j*z*-
SOLDERFILLET NOTCOMPLETE.
NUMEROUS VOIDS.
EVIDENCE OF DEWElllNG.

CY--,,-........
EXCESS SOLDER. LEAONOTVISIBLE.

Pla.Le d-thru holes - clinched leads and wire s.

RFJECT

SOLDERFILLETNOTCOMPLETE.
NUMEROUSVOIDS.
EVlDENCEOF DEWEITING.

a~-:.\--.
‘h,“..;,..,,,.+ .’

SOLDERFILLET100% COMPL~E .
CONTOUR OF LEADIS DISCERNIBLE

EXCESS SOLDER. LEADNOTVI S1BLE.

HEELOF LEADIS WETTEOWITH SOLDER.
NONPLATEDTHRUHOLENEED
NOT BE COVEREDWITH SOLDER.

FIGURE 5-25. NonDlated-thru holes - cl Iached leada and wires.
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(MINIMUIO

SOLOERTHATJUST
COVERSTHEWIRE
OR LEAOOVERTH[
EXTENTOFTHEWRAP.

SOLDERSHALLW13Ti-K
TERMINALANOWIREOR
LEADANDFORMA
VISIBLEFILLL1.

(MAXIMUM)

~ SOLDERDOESNOT

!COVERTHEWIREOR
LEAOOVEREXTENTOF
THEWRAPORFILLETING

) IS INCOMPLNL

(EXCESSIVEI

OFTHE
LEAOOR
FTHEWRAP.

h‘A BUILOUPOFSOLDER
THATCOMPLETELY
OBSCURESTHE

FIGURE 5-26. Wire and lead sold erin~ to ter minals - bifurcated.

ACCEPT (t41Nlt4U14)

Ml NIMUMAMOUNTOF SOLOER ALONG
THE WIRE OR LEAD. WIRE OR LEAD
ENO DISCERNIBLE IN TERMINAL.

REJECT

SOLOER BUILDUP ON TOP OF TERMINAL.
WIRE OR LEAO NOT DISCERNIBLE
THROUGHTERMINAL.

ACCEPT (tlAX IMUM)

MAXIMUMAMOUNTOF SOLOER COMPLETELY
FILLS SLOT. WIRE OR LEAO END
DISCERNIBLE IN TERMINAL.

FIGURE 5-27. Wire and lead soldering to terminals - mlall slotted.
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- (MINIMUM) ~ (INSUFFICIENTI

Q SOLOERTHATJUST COVERS

~E WIRE OR LEADOVER Q

@

EXTENTOFTHEWRAP.

4A

.’,j ‘
/j !\ SOLDERSHALLWETTHE
14”,W”‘ TERMINALANOWIREOR LMD

%!k.:- AND FORMA VISIBLE FILLET.

SOLOERDOESNOT

COVERTHEWIRE

OR LEADOVER
EtTENTOF THE

WRAP OR FIL~lNG
Is lNCOMPLm

/d

ACCEPT (MAXIMUM) ~ [EXCESSIVfl

SOLDERSHALLNOTCompletely
OBSCURETHEDTENT

B

A BUILDUPOF SOLDER

OFTHEWRAP.
THATCOMPLETELY
OBSCURESTHECONTOUR

SOLDERSHALLWEFTHE
OFTHEWIRE OR LEAD

TERMINALAND WIRE
OVER EXTENTOFTHEWRAR

OR LEAD.

FIGURE 5-28. we a nd lead solder~to terminals - tu rret.

A= (MINIMUM) ~ (INSUFFICIENT)

Y ‘= !lw’=’T

ACCEPT (MAXIMUM) REJECT

!(>‘“,(
->.+., ,,,,,,;,.

FIGURE
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SOLDERSHALL NOT

~

r“

COMPLETELYOBSCURETHE (.’.
EXTENTOFTHEWRAP. ,,;,5.

2.,
SOLDERSHALLWETTHE .!
TERMINAL&WIREOR LEAD. -.;

.,

(EXCESSIVE)

A BUILDUPOF SOLDERTHAT
COMPLETELYOBSCURCSTHE
CONTOUROFTHEWIREOR LEAD
OR LXIENTOFTHEWRAP.

5-29. Wire and lead sold erinu to terminals - hook.
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ACCEPT REIECT

SOLDERVISIBLE IN
INSPECTIONHOLE,

D

EXCESSIVESOLDERANDSPILLAGE
ON SIDE OF CONTACT

SOLDERWETTINGBETWEENwIRE
OR LEADANDCUPVISIBLE,

T

SOLDERWETTINGBETWEENwIRE
OR LEADANDCUPNOTVISIBLE,

ANYSOLDERON THEOUTSIDE
SURFACEOF THE SOLDERCUP
IN THE FDRPlOF A THIN FILM
ONLY,

SOLDERSLIGHTLYABOVE SOLDERNOTVISIBLE IN
INSPECTIONHOLE. INSPECTIONHOLE,

SOLDERWETTINGBETWEENWIRE SOLDERWETTINGBETWEENWIRE
OR LEADANOCUPVISIBLE, OR LEADANOCUPNOTVISIBLE,

FIGURE 5-30. Wire and lead a~erinc to c ontacta.

m (MINIMUM) REJECT (INSUFFICIENT)

SOLDER‘ALMOSTFI11S
CUP ANDFOLLOWSTHE
CONTOUROR THECUP ENTRY.

WETTINGBETWEENLEAO
OR WIRE ANDCUPVISIBLE.

ANY SOLOERONTHEOUTSIDE
SURFACEOFTHESOLDERCUP
IN THEFORMOF A THINFILM ONLY.

u

INSUFFICIENTSOLDER
USEDOR INSUFFICIENT
WETFING.

M!w!L (MAXIMUM) REJECT (EXCESSIVE). .

(!
/:! SOLDEROVERFILLSCUP

BUT 00ES NOTOVERFLOW
i: ON SIDES OF THECUP.

i:;
/’ WETTINGBETWEEN

WIRE OR LEAO
ANOCUP IS VISIBLE. f!/EXCESSIVESOLOER, SOLOER,,

HAS FLOWEOON S1OESOF CUP

FIGURE 5-31. Wire and le ad aolderinx to solder CUOS.
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ACCEPT
MINIMUMSOLOERFLOW--ACCEPTIFALLOF

THEFOLLOWINGCONDITIONSAREPRESENT:

SOLDERHAS LOSTALLAPPEARANCEOF
RING SHAPE.
THEREISA DEFINITEFILLETVISIBLE
ALONGTHETERMINALANDLEADINTERFACE.
TERMINALAND LEADCONTOURSAREVISIBLE.

REJECT
INSUFFICIENTHEAT--RCJFCTIF ANY OF THE

FOLLOWINGCONDITIONSAREPRESENT:

CONTOUROF SOLDERPREFORMIS VISI BLC
CONTOUROFTERMINALAND)ORLEADIS
OBSCUREDBY SOLDER.

FIGURE 5-32. Heat shr inkable sol der devic es -~ or nati0n9.

ACCEPT MAXIMUMSOLDERFLOW--ACCEPTIF ALLOFTHE

FOLLOWINGCONDITIONSAREPRESENT:

FIILETIS CLEARLYVI SIBLEB~WEEN
TERMINALAND LEAD.
JOINT AREA IS VISIBLE DESPITE
BROWNINGOF SLEEVE.

REIECT OVERHEATED--REJECTIF ANY OFTHEFOLLOWING

CONDITIONS AREPRESENT,

JOINT AREA IS NOTVI SIBLEBECAUSEOF
SEVEREDARKENINGOFTHEOUTERSLEEVE.
SOLDERFILLETIS NOTVI SIBLEALONG
TERMINALAND LEADINTERFACE
WIRE INSULATIONDAMAGED(BROWNING
OXAY) OUTSIDEOF THESLEEVE,

FIGURE 5-33. &?.@i_ahri er~tlor&. n or ter
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ACCEPT

REJECT

MINIMUMSOLDERFLOW--ACCEPTIFALLOF
THEFOLLOWINGCONDITIONSAREPRESENT:

SMDERHASLOSTALLAPPEARANCEOF
RING SHAPL
INSERTSt!4VEMELTED&FLOWEDALONGWIRES.
SHIELD& LEADCONTOURSAREVISIBLE.
THEREISA DEFINITEFILLFTVISIBLEALONGTHE
LEADANOSHIELDINTERFACE.

INSUFFICIENTHEAT-- RFIECTIF ANYOFTHE

FOLLOWINGCONDITIONSAREPRESENT:

CONTOUROFSOLDERPREFORMIS VISIBLE
MELTABLElNSERTSHAVENOT FLOWEO.
CONTOUROFBRAlO ANDIORLEADIS
OBSCUREDBY SOLDER.

FIGURE 5-34. ,Heat shrinkable solder device~ield ter mina-.
ACCEPT

MAXIMUMSOLOERFLOW-- ACCEPTIF ALLOF
THEFOLLOWINGCONDITIONSAREPRESENT,

FILLETIS CLEARLYVI SIBLEBEIWEENLE40
ANOSHIELD.
JOINTAREA IS VISIBLE OESPITEBROWNING
OFSLEEVE.

REJECT
OVERHEATED--RLlECT IF ANY OFTHEFOLLOWING

CONDITIONSARE PRESENT:
JOINTAREA IS NOTVI SIBLEBECAUSEOF
SEVEREDARKENINGOFTHEOUTERSLEEVE,
SOLDERFILL~ IS NOTVISIBLE ALONG
LEADAND SHIELDINTERFACE
WIRE INSULATIONDAMAGED(BROWNING
OKAY) OUTSIDEOF SLEEVL

FIGURE 5-35. Heat ahr~e sOld er devices - shield te ruminations.

Supersedes
REQUIREMENT 5 REQUIREMENT 5
15 March 19B0 30 June 1979
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REQUIREMENT 6

BEARINGS

1. Put-Dose. This requirement establishes criteria for the selection and

application of bearings.

2. Documents aDDliCable to Reauirente&:

FF-B-171
FF-B-185

FF-B-187
FF-B-195
MIL-B-3990
MIL-B-5687

MIL-B-8942
MIL-B-8943
MIL-B-8948
MIL-B-13506
MIL-B-17380
MIL-B-81744
MIL-B-81793

MIL-B-81934
MIL-B-81936
MIL-STD-1334

Bearinga, Ball, Annular (General PUrPOSe)
Bearings, Roller, Cylindrical; and Bearings Roller,
Self-Aligning
Bearing, Roller, Tapered
Bearings, Sleeve, (Bronze, Plain or Flanged)
Bearing, Roller, Needle, Airframe, Anti-friction
Bearing, Sleeve, Washers, Thrust, Sintered, Metal Powder, Oil
Impregnated
Bearings, Plain, TFE Lined, Self-Aligning
Bearinga, Sleeve, Plain and Flanged, TFE Lined
Bearing, Plain, Rod End, TFE Lined, Self-Aligning
Bearing, Sleeve (Steel Backed )
Bearing, Roller, Thrugt
Barrier Coating Solution, Lubricant Migration Deterring
Bearing, Ball, Precision, for Instruments and Rotating
Components
Bearing, Sleeve, Plain and Flanged, Self-Lubricating
Bsaring, Plain, Self-Aligning (BeCu Ball, CRES Race)
Prooeas for Barrier Coating of Anti-friction Bearinga

3. -tion an d aDDlication

3.1 Bearings. Bearings best suited to meet the physical, functional,
environmental and service life requirements of the application shall be
selected from those conforming to one or more of the specifications listed
below. Replacement of the bearing shall be possible without the use of special
tools unless such provisions would adversely affect the proper functioning or
service life of the bearing.

FF-B-171 MIL-B-5687 MIL-B-17380
FF-B-185 MIL-B-8942 MIL-B-81 793
FF-B-187 MIL-B-8943 MIL-B-81934
FF-B- 195 MIL-B-8948 MIL-B-8 1936
MIL-B-3990 MIL-B-13506

3.2 .Lubricant. Adequate lubricant shall be provided either within the bearing
or externally in the form of oil reservoirs or grease relubrication facilities
except as noted in 3.6. Where lubricant replenishment is required, precautions
shall be taken to prevent purged or lost lubricant from entering and adversely
affecting the operation of tha electronic equipment. Where bearings coated
with preservative are installed in closed housings, the preservative shall be
compatible with the lubricant used in the aaaembly.

Supersedes
REQUIREMENT 6
1 February 1977
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3.3 Barrier coatiqg. Bearings requiring a barrier coating shall be coated in
accordance with MIL-STD- 1334. Barrier coating material shall conform to
MIL-B-81744.
3.4 Scala and shieldq. All rolling element bearings shall be adequately
protected by seals or shields on the bearing or installed in housings which
provide adequate shielding to prevent foreign matter from entering the bearing.

3.5 Self lubricating bearings. Permanently lubricated bearings or bushings of
plastic, metallic-plastic combinations, or all metallic materials with or
without dry film lubricants may be used provided wear products produced during
operation will not cause or contribute to failure of the electronic equipment
or bearings.

3.6 Unlubricated bearins?a. 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. For selection of low friction, long life, un-
lubricated bearings refer to MIL-B-8942, MIL-B-8943, and MIL-B-9948.

3.7 131,e&kcical moundir@. Ball and roller bearings used for rotating an
electrically energized equipment shall be electrically shunted to avoid current
flow through the bearings.

4. Alimmen~. Bearings shall be located to ensure proper ahaft alignment and
support.

REQUIREMENT 6
15 August 1981
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REQUIREMENT 7

INTERCHANGEABILITY

1. E!mQQse. This requirement establishes criteria for the selection and

application of interchangeable items.

2. Documents aDDl i cable to ReaMirement 7:

MIL.STD-280 Definitions of Item Levels, Item Exchangeability y, Models,
and Related Terms

3. Interchanu cable it ems. Interchangeable items shall be as defined in
MIL-STD-280 to permit their installation as interchangeable assemblies,
subassemblies and parts without regard to the source of manufacture or suPply.

4. Standard items. Standard items are defined in the applicable general
specification.

4.1 Qeaign tolerances. Provisions shall be made for design tolerances such
that items having the dimensions and characteristics permitted by the item
specification may be used as replacement without selection or departure from
the specified equipment performance.

4.2 wQf standard i-. Standard items shall be used when such items are
available. When existing standard items are not available and permission is
granted by the procuring activity for use of a nonstandard item only because
the existing standard item is not available, the equipment shall be so
designed that the nonstandard item can be replaced by the gtandard item.
Appropriate space, mounting holes, and other necessary provisions shall be
provided for this purpose unless they conflict with the specified equipment
size requirement. When provision is made for substitute or replacement items,
the standard item to be used for replacement shall be identified in the
applicable documentation.

4.3 C oice of~ eria s. When the item specification provides
more than one characteristic or tolerance, the item having the broadest
characteristics and tolerance that will fulfill the equipment performance
requirements shall be used. However, delays in development or production
caused by procurement time required for such items may be avoided by
substitution of readily available acceptable items of higher quality.

Supersedes
REQUIREMENT 7
29 May 1969
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REQUIREMENT 8

ELECTRICAL OVERLOAD PROTECTION

1. Purnose. This requirement establishes the criteria and philosophy for
electrical overload protection.

1.1 Classificatfi. The requirements for electrical overload protection

aPPIY tO electrical and electronic equipment intended for use in the following
classes. The protection philosophy differs for each classification.

a. Class 1 equipment: Ground and shipboard, including test and checkout
ground equipment.

b. Class 2 equipment: Manned aerospace

c. Class 3 equipment: Unmanned aerospace

2. ~rement &:

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

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

NFPA 70-1981 National Electrical Code

3. AL@ication. The requirements specified herein
equipment and systems as defined in MIL-STD-280 for
equipment and MIL-STD- 1539 for class 3 equipment.

4. ~

4.1 Current overload protection. Current overload

shall apply only to
clasa 1 and class 2

protection for the
equipment shall be provided by fuses, circuit breakers, or other protective
devices for primary circuits.

4.2 Protective devices~ Devices such as fuses, circuit breakers, time-delays,
cutouts, or solid-state current-interruption devices shall be used to open a
circuit whenever a fault occurs. No overcurrent protective device shall be
connected in series with any conductor which is grounded at the power source
unless the device simultaneously opens all load conductors in the circuit and no
pole operates independently, or as otherwise 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 equipmant a separable connector or the attachment plug and
receptacle shall serve as the main circuit power disconnect and the protective
device may be on either the line side or tbe load gide of the equipment on-off
switch.

Supersedes
REQUIREMENT 8
15 March 1978
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4.3 Network Protection. Protection of individual
associated parta should generally not be provided;
networks, such as pulse forming networks, from the
by disconnecting this circuit from the network may

4.4 Fusea—- . All fuses providing protection to the

parta from failure of
however, protection of
failure of a single circuit
be required.

equipment shall be go
located that they are readily replaceable and located in a convenient,
serviceable location. Requirement for blown fuse indicator shall be as
indicated in the detail equipment specification. Where fuses 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 posta
shall be such as to permit renewal of fuses without use of tools.

4.5 Circuit breaker~. When circuit breakers are used, the restoring or

switching device shall be readily accessible to the operator. The circuit

breaker shall give a visual indication when the breaker ia tripped. Holding
the switching device closed on an overload shall not prevent tripping of the
breaker. Multipole circuit breakera shall be used for three-phaae equipment
and shall disconnect all phaseg if an overload occurs in any one phaae.
CirCUit breakers shall not be used as switches unless such breakera have been
specifically designed and tested for that type service.

4.6 Normal Derformance. The use of overload or other protective devices shall
not alter the normal performance characteristics of the source or load.

4.7 Second arv c~. The use of protective devices in secondary circuits
shall be held to a minimum. Cost and eaae
or unit shall be included in the data used
protective devices.

5. Protection for cla sa 2 eauiom ent

of replacement of the affected part
in determining the need for such

5.1 Current overload cmote~tfi. Current overload protection for the
equipment shall be provided by fuses or circuit breakera to avoid hazards of
fire, smoke, explosion and arc-over. Circuit breakers shall not be used as
switches unless such breakers have been specifically designed and tested for
that type service. In addition, overload protection of the primary power
wiring to the equipment and internal wiring cable harnesaes shall be provided.
( Protection of the primary power wiring shall be provided by the vehicle
contractor. )

5.2 Location. Overload protection for the equipment shall be provided
therein. This protection ghall be provided in the moat advantageous portions
of the circuits. All protective devices employed in the equipment shall be in
a readily accessible, safe location therein.

REQUIREMENT 8
30 August 1983

Supersedes
REQUIREMENT 8
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5.3 tiafi~s. When fuses are used, a minimum of one spare fuse for each
size and rating but a quantity of, not less than 10 percent of the total shall
be incorporated in the equipment and shall be contained in the same compartment
as the used fuse.

5.4 Resettable qircuit cn-oteotora. Circuit breakera or other reaettable
devices shall be used to protect critical circuits, or where predictable
overloada or surges occur because of peculiar equipment functions or operator
effects which are unavoidable. The reset controls of such devices shall be
readily accessible to the operator.

5.5 GaD clearance. Fuses or circuit breakers ghall have sufficient gap
clearance, after breaking or clearing, to prevent arcing at any altitude at
which the equipment will be required to operate.

6. Protection for clasa 3 eauioment. Unless otherwise specified by the
procuring activity, electrical overload protection shall not be provided in
individual boxes or ayatems receiving power. Overload protection, when
required, shall be part of the migsile , space booster, or spacecraft electrical
power control subsystems and conform to the failure protection requirement of
MIL-STD-1 539.

Supersedes
REQUIREMENT 8
15 March 1978
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REQUIREMENT 9

WORKMANSHIP

1. PurDOse. This requirement establishes the acceptable workmanship criteria
for electronic equipment intended for use by the Department of Defense. This
requirement will define those workmanship requirements not normally covered in
wbsidiary s+pecificationa or drawings. It ia not intended to supersede any of
the provisions of the contract or applicable specifications and drawings
considered a part of the contract. Where actual conflict existg, the
provisions of the contract or application specification or drawing shall take
precedence over the requirement herein.

2. General. Workmanship shall be in accordance with the requirements herein

and any requirements of the detail equipment specification applicable to
soldering, marking of parts and assemblies, wiring, welding and brazing,
plating, riveting, finishes, machine operations, screw ac+semblies, and freedom
of parts from burrs, aharp edges, or any other damage or defect that could ❑ake
the part (or equipment ) unsatisfactory for the purpose intended.

3. Mountinu of Darts. Parts or hardware shall be assembled and secured or
mounted in the specified manner to satisfactorily accomplish the purpose for
which intended. Electronic equipment having missing, inoperative, defective,
bent, broken, or otherwise damaged parts will not be acceptable.

3.1 Mounted hardware installation. The installation of hardware parts, such
as hinges, catchea, handles, or knobs, shall be accomplished in such manner as
to avoid damaging the hardware or’ the mounting surface. Hardware or mounting
surfaces damaged in this way shall be touched up to provide a continuous
protective coating. A color match between the surface touched up and the
original finish shall be provided.

4. CleaninK. After fabrication , parta and aasembled equipment shall be
cleaned of smudges; loose, spattered, or excess solder; weld metal; metal chips
and mold release agentg or any other foreign material which might detract from
the intended operation, function, or appearance of the equipment. (This would
include any particles that could loosen or become dislodged during the normal
expected life of the equipment. ) All corrosive material shall be removed.
Whenever posgible, this cleaning shall take place before tbe parts are
assembled into the equipment. All assembled equipment shall be cleaned of
contaminants such as lubricating oils , mold release agents, waxes, aand,
corrosion products, solder fluxes, finger prints, dust, etc. The nature of the
contaminant must be determined to the extent that a suitable cleaning solvent
can be selected for item removal. The inertness of the materials nf
construction to the solvent must be determined to prevent damage to electrical
and mechanical properties. After cleaning, moving parts should be relubricated
and the assembly allowed to dry to remove trapped or soaked cleaning fluid.
Cleaning processes shall have no deleterious effect on the equipment or parts.

Supersedea
REQUIREMENT 9
15 March 1978
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5. ~ded Darts or devices.
of cross threading, mutilation,

5.1 Tizhtnesa. All screw-type

Screws, nuts and bolts shall show no evidence
or detrimental or hazardoua burrs.

faateners shall be tight. The word tight meana
the screw shall be firmly secured and that there shall be no relative movement
possible between the attached parts.

6. Riveting. The riveting operation shall be carefully. performed in order to
assure that rivets are tight and satisfactorily headed with the rivet heads
tightly seated against their bearing surface.

?. Gear assemblies. Gear assemblies shall be aligned and meshed and shall be
operable without interference, tight spots, loose spots, excessive backlaah, or
other irregularities that could cause unsatisfactory operation.

8. Bearinz assemblies-. Bearing assemblies shall be free of rust, dis-
coloration, and imperfections of ground, honed, or lapped surfacea. Contact ing
surfaces shall be free of tool marks, gouge ❑arks, nicks, or other surface-type
defects. There shall be no detrimental interference, binding, or galling.

9. ~. Insulated wire running between equipments or subassemblies within
an equipment, such as between drawera or chaasia and module subassemblies,
shall be formed into cablea or ducted wherever practicable. Wirea and cables
shall be positioned or protected to avoid contact with rough or irregular
surfaces and sharp edges.

9.1 Wire dress. Wire dress or cabling of wires shall not result in improper
electrical operation or interference with mechanical operation that will lead
to subsequent damage of the wire or cable. Wires and cables subject to flexing
shall be protected to prevent abrasion.

9.2 ~. Lacing of cabling shall be neat in appearance. The lacing shall
be applied firmly, yet not with excessive pressure which could cut into
conductor insulation.

9.3 Harnesse~. Cabling or wiring harneaaes shall be anchored to avoid damage
to conductors or adjacent parts.

9.4 Insul ation. There shall be no evidence of burns, abrading, or pinch marks
in the insulation that could catiae short circuits or leakage.

9.5 sDliCiM. Wires in a continuous run between two terminals shall not be
spliced during the assembly of the equipment, exoept where a stranded conductor
is spliced to a solid conductor and the two are supported at the splice.

9.6 Clearance. The clearance between wires or cables and heat generating
parts, such as electron tubes and resistora, .ahall be such as to avoid
deterioration of the wires or cables from the heat diaaipated by these parts
under the specified service conditions of the equipment.

REQUIREMENT 9
1 September 1978
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9.7 M ielding. Shielding on wires and cables shall be secured in a manner
that will prevent it from contacting or shorting exposed current-carrying
part a. The shielding shall terminate at sufficient digtance from the exposed
conductors of the cable to prevent shorting or arcing between the cable
conductor and the shielding. The ends of the shielding or braid shall be
secured againat fraying.

10. JieldinR and brazinK. All weldg and brazes shall be free of harmful
defects such aa cracks, porosity, undercuts, voids, and gaps. There shall be
no burn-through. Fillets shall be uniform and smooth. Angular or thickness
misalignment, warpage, or dimensional change due to heat from the operation
shall be within permitted tolerance. There shall be no damage to adjacent
parta resulting from the welding or brazing.

Supersedes
REQUIREMENT.9
15 March 1978
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REQUIREMENT 10

ELECTRICAL CONNECTORS

1. aLcQMs. This requirement establishes criteria for the selection and use
of electrical connectors.

2. Documents aDDl icable to Reauir~:

MIL-J-641
MIL-P-642

MIL-C-10544

MIL-C-12520

MIL-C-5511 6
MIL-C-5518 1

MIL-A-55339

MIL-C-83503

MIL-STD- 1353
MIL-STD-1646

EIA RS 297A-70

Jack, Telephone, General Specification for
Plug, Telephone, and Accessory Screws, General
Specification for
Connector, Plug and Receptacle ( Electrical, Audio,
Waterproof, Ten Contact, Polarized )
Connector, Plug and Receptacle ( Electrical, Waterproof) ,
and Accessories, General Specification for
Connectors, Miniature, Audio, Five-Pin
Connectors, Plug and Receptacle, Intermediate ( Electrical)
(Waterproof), General Specification for
Adapter, Connector, Coaxial, Radio Frequency, General
Specification for
Connectors, Electrical, Flat Cable, Nonenvironmental,
General Specification for
Use and Selection of Electrical Connectors
Servicing Tools for Electric Contacta and Connections,
Selection and Use of
Cable Connectors for Audio Facilities for Radio
Broadcasting, Requirement for

3. Selec tioq. Selection and use of electrical connectors shall be in
accordance with MIL-STD- 1353 and as specified herein. Intended use information
contained in the individual connector specifications shall be considered prior
to mak~ng connector selections. Contact crimp, installing, and removal tools
shall be in accordance with MIL-STD- 1646 or as specified 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 system shall be kept to a minimum.
Maintenance instructions and other data supplied by the contractor shall list
the ❑ilitary standard tools and contacts. ‘

Q. ~Q and unicati n~nnectors. soecial nur 0QQ$2. Connectors
conforming to MIL-C- 10544 or MIL-C-551 16 shall be used in audio frequency
applications, such as head sets and chest sets, excluding pilots 1 helmets. For
low level, three wire and audio input circuits in fixed plant nontactical sound
equipment, connectors conforming to EIA RS 297A shall be used.

Supersedes
REQUIREMENT 10
30 July 1982
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5. co nnectors with th ermo coude co nt~. All connectors used in conjunction
with thermocouples shall have their contact materials identified by one of the
following methods:

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

b. By means of insulation sleeving or other ❑arkers designed for attachment

around wire bundles. Markera shall be attached adjacent to the plug. Contact
materials shall be identified with abbreviations in accordance with table 10-1.

TABLE 10-1. ~ r ions f 0 e ater~.

~hromel CR I Cobalt co

Alumel AL
Iron FE
Conatantan CN
Copper Cu
Plat inure PT
Platinum

Rhodium PT RH
Rhenium RE

Tungsten
Rhenium W RE

Tungsten w
Iridium IR
Rhodium RH
Iridium

Rhodium IR RH
Molybdenum MO

~_L_@il_ AU

6. Heavv d tv ou onnectors

6.1 Power connectors ( 40-200 amDeres) . All power connectors for any ground

application shall conform to Section 102 of MIL.-STD- 1353 and shall be used with
heavy duty jacketed cable aa specified on the insert gtandarda.

6.2 General DurDose and shiDboard. Connectors for general purpose heavy duty

applications and shipboard power applications ghall conform to Section 102 of
MIL-STD- 1353. Connectors used for external application shall be pressurized
and waterproof in the mated and unmated condition in accordance with the
requirements of Classes C or L. Connectors used internally (within a
protective enclosure such aa a shelter) may be in accordance with Claaa R
provided waterproofing or pressurization is not a requirement for the
application.

6.3 Riuht ande Dower and control. (Army only). In application where right
angle bend ia required, center lock screw multicontact connectors shall conform
to MIL-C-12520 and MIL-C-55 181, as applicable.

7. Connectors. fzeneral utt L&L. Polarized connectors are the preferred stylea
and shall be used where automatic grounding must be provided to insure safety
to equipment and personnel. Connectors for general utility power applications
shall conform to Section 106 of MIL-STD-1 353.

a. E~. Telephone type jacks and plugs shall
conform to MIL-J-641 and MIL-P.642.

REQUIREMENT 10
1 September 1982
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9. Test ia cks. Test jacks shall conform to Section 105

9.1 Rf teat DOints. Jacks or receptacles for use aa rf
be selected in accordance with paragraph 10.

MIL-STD-U54J

of MIL-STD-1 353.

test points shall

. ~cmnec tora.
}L-STD-I 353.

10.1 Rf ada Dtera.
MIL-A-55339 .

11. Connect 0ra for

Rf connectors shall conform to Section 200 of.

Adapters used with rf connectors shall conform to

p~qg. Printed circuit connectors shall conform
to Section 104 of MIL-STD-1353.

12. ~on~Q. Not more than one wire shall be routed through any hole
in the grommet of an environmentally sealed connector. 14ultiple conductors may
terminate in a contact provided the sum of the circular mil areaa of the
conductors does not exceed the maximum circular mil area for which the contact
ia rated.

13. Extra contacta. The following requirements are applicable to all articles
of equipment, except those such as dynamotors, inverters, indicating instrument
(meters) , encapsulated assemblies, printed circuits, and the like, in which it
is unlikely that additional circuits will be required.

13.1 Ouanti tv and location. Unused connector contacta or contact positions
for external circuits shall be available for future use, and shall be located
on the periphery (outer contacts) of the connector. The minimum quantity shall
be aa specified below:

Total number of used Unused contacta or contact
co ntacts in tonne ctor DOSitions reouired (rein}

1 thru 25 2
26 thru 100 4

101 or over 6

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

13.2 UQnd ratinu o f extra contacts. The size and rating of extra contacts
shall be compatible with other contacts within the connector.

13.3 CrimD conta ct connectors. When crimp contact environmentally sealed
connectors are used all contact positions shall be filled with contacts.

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

Supersedes
REQUIRENSNT 10 REQUIREMENT 10
30 July 1982 1 September 1982
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13.4 fotted connectors. For potted connectors, each unused contact shall have
a maximum gauge wire of 6 inches minimum length attached and identified with
the contact designation for future use. For connectors external to the unit,
the wire end shall be suitably capped to prevent moisture from entering the
connector.

14. Protective measures. All unmated connectors shall be protected with metal
or plastic caps or otherwise suitably protected during maintenance, storage and
shipment. Protective caps specified by military specification or military
standards and designed for mating with specific connectors shall be used.
Unmated connector which may contain electrically ‘Thot” circuits while in
environmentally hazardous areas shall be covered with moistureproof and
vaporproof capa. Connectors on enclosed cabinet mounted equipment need not
be provided with protective capa unless an environmental hazard exists.

15. Potting. Potting materials shall conform to approved military
specifications and shall not deteriorate in chemical, physical or electrical
properties, under specified system/equipment environment.

16. Connectors for flat co nductor ca ble. Connectors for use with flexible flat
conductor cable shall conform to MIL-C-83503.

17. we~roof connecters. Fireproof and firewall connectors ghall be class K

and shall conform to section 101 of MIL-sTD-1353. Where it is necessary to
maintain electrical continuity for’ a limited time under continuous flame, botb
the receptacle and mating plug shall be class K. If flame integrity only is
necessary 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 cases,
the plug and receptacle shall be environment resisting.

18. Filter Din ccmnectors—. Electrical connectors incorporating filter pins
shall be considered for use only when conventional electrical filters are not
acceptable.

REQUIREMENT 10
1 September 1982
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REQUIREMENT 11

INSULATING MATERIALS , ELECTRICAL

1. PurDOse . This requirement establishes criteria for the selection and

application of electrical insulating materials.

2. &u>ents aDDl icab~:

L-P-516
MIL-I-1O
MIL-M- 14
MIL-P-79
MIL-I-631
MIL-P-997

MIL-I-3158

MIL-I-3190
MIL-I-3825

MIL-I-7444
MIL-T- 13020

MIL-P-15037

MIL-P-15047

MIL-I- 15126

MIL-I-17205
MIL-I-18057

MIL-P-18177

MIL-I-18746
MIL-P-19161

MIL-I-19166

MIL-I-22076

MIL-I-22129

MIL-P-22324
MIL-I-23053
MIL-I-23264

Plastic Sheet and Plastic Rod, Thermosetting, Cast
Insulating Materials, Electrical, Ceramic, Class L
Molding Plaatica and Molded Plastic Parts, Thermosetting
Plastic Rod and Tube, Thermosetting, Laminated
Insulation, Electrical, Synthetic - Resin Composition, Nonrigid
Plastic Material, Laminated, Thermosetting, Electrical
Insulation, Sheets, Glass Cloth, Silicone Resin
Insulation Tape, Electrical, Glass-Fiber (Resin-Filled ), and
Cord, Fibrous-Glass
Insulation Sleeving, Electrical, Flexible, Treated
Insulating Tape, Electrical, Self-Fusing: For Use In Electronics,
Communications, and Allied Equipment
Insulation Sleeving, Electrical, Flexible
Tape, Rubber, Unvulcanized, Splicing and Molding (Tapes TL-317/U
and TL-318/U)
Plastic Sheet, Laminated, Thermoaetting, Glass-Cloth,
Melamine-Resin
Plastic-Material, Laminated, Thermogetting Sheets, Nylon Fabric
Base, Phenolic-resin
Insulation Tape, Electrical, Pressure Sensitive” Adhesive and
Pressure Sensitive Thermosetting Adhesive
Insulation Cloth and Tape, Electrical, Glasa Fiber, Varnished
Insulation Sleeving, Electrical, Flexible, Glass Fiber, Silicone
Rubber Treated
Plastic Sheet, Laminated, Tbermoaetting, Glass Fiber Base,
ilpoxy-Resin
Insulation Tape, Glasg Fabric, Polytetrafluoroethy lene Coated
Plaatic Sheet, Laminated, Glass Cloth Polytetrafluoroethy lene
Resin
Insulation Tape, Electrical, High-Temperature, Glags Fiber,
Pressure Sensitive
Insulation Tubing, Electrical, Nonrigid, Vinyl, Very Low
Temperature Grade
Insulation Tubing, Electrical, Polytetrafluoroethy lene Resin,
Nonrigid
Plastic Sheet, Laminated, Thermogetting, Paper-Base Epoxy-Resin
Insulation Tubing, Electrical, Heat-Shrinkable
Insulators, Ceramic, Electrical and Electronic, General
Specification for
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MIL-I-23594 Insulation Tape, Electrical; High Temperature,
Polytetrafluoroe thylene, Pressure-Sensitive

MIL-I-24092 Insulating Varnish, Electrical, Impregnating
MIL-I-24391 Insulation Tape, Electrical, Plastic, Pressure Sensitive
MIL-I-46852 Insulation Tape, Electrical, Self Adhering, Unsupported

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

3. Ceramics. Ceramic materials ghall conform to MIL-I-1O.

3.1 Insulat ors. cer amie. Ceramic insulators shall conform to MIL-I-23264.

4. Cushions. Insulators shall be cushioned when required for protection
against damage or breakage.

5. Insulatin~ mat.szL&zA&f2Lca2. Insulating materials ghall be selected
based on meeting or exceeding the use requirements, such as:

a. Temperature endurance e. Dielectric constant

b. Moisture absorption and penetration f. Mechanical strength

c, Fungus resistance g. Dissipation factor

d. Dielectric strength h. Ozone resistance.

5.1 Insul ation claases. The insulation used shall be of such a class as to
meet the temperature extremes to which it may be sub jetted, as specified in the
detail equipment specification. Insulation classes and the maximum hotspot
temperatures for continuous operation are as follows:

a. Class A - 1050C maximum d. Class H - 2000C maximum

b. Class B - 1300c maximum e. Class C - Above 200°C.

c. Class F - 1550c maximum

6. E.L9ctrical taD e. Neither cotton nor linen tapes shall be used. Tape shall
be selected from the types included in MIL-I-3 158, MIL-I-3825, MIL-T- 13020,
MIL-I-15126 , MIL-I-17205 , MIL-I-18746 , MIL-I-19166 , MIL-I-23594, MIL-I-24391 ,
and MIL-I-46852.

7. Sleeving. Sleeving shall provide adequate dielectric strength and leakage
resistance under the designated service conditions. Sleeving shall conform to
MIL-I-631, MIL-I-3190, MIL-I-7444, MIL-I-18057, MIL-I-22076, MIL-I-22129, or
MIL-I-23053 .
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8. wtic materials= Keneral. Plaatica used for electrical insulating parts
shall combine properties of flame resistance, arc resistance, and low toxicity
with good electrical and mechanical properties, as applicable. Plastic parts
shall retain the original smooth or polished surface unless objectionable or
functional requirements make a dull surface more desirable. All surfaces that
have been sawed, cut, or otherwise machined shall be reasonably smooth. If
necessary for moisture resistance, the surfaces shall be sealed with a suitable
material. No material which softens within the equipment storage or operating
temperature range shall be used.

9. ll~settin~. cast. When uged for electrical insulation,. parts
fabricated from cast thermosetting plastic materials shall be in accordance with
L-P-516.

10. Pla atic. thermosettinz, laml~d. When used for electrical insulation,
parts fabricated from laminated thermosetting-plaatic sheets, plates, rods, and
tubes ( except transparent plastics) shall be treated with a suitable material
after all machining and punching operations have been completed. Materiala
having moisture absorption of 1.0 percent or less, and those used in hermet-
ically sealed containers, need not be treated. Cotton or linen shall not be
used as the base or filler for any laminsted plastic requiring electrical
properties. The preferred bage ia glass cloth. Materiala selected shall
conform to MIL-P-79 , MIL-P-997 , MIL-P-15037 , MIL-P-15047 , MIL-P-18177 ,
MIL-P- 19161, or MIL-P-22324.

11. EkLsQc ~OsettinR. mol~e~ Msterials used to mold electrical
insulator shall conform to MIL-M- 14. Molded parts which undergo subsequent
machining shall be vacuum impregnated with a suitable material and dried after
all surface-breaking operation have been completed. Cotton and linen shall
not be used as filler material in any electrical insulator. Materials having
moisture absorption of 1.0 percent or less, and those used in hermetically
sealed containers, need not be impregnated.

12. ~g . When used for impregnation, Insulating varnish ghall
be handled by a method which will insure removal of all air and water and insure
a complete fill. Insulating varnish shall conform to MIL-I-24092.

13. ~ t on. Wire insulation with cotton or linen in its construction
shall not be used, except when the wire i9 used for coils on formg, and then
only provided the insulation on the wire is completely sealed off from the
atmosphere.
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14. CarcinOzena. C&rtain chemicals have been identified in the Occupational
Safety and Health Act (OSHA) as cancer-producing substances ( carcinogens) .
Before using. any materials which might contain these chemicals, they should be
evaluated in accordance with the Code of Federal Regulations, Title 29, Chapter
XVII, Part 1910. Consideration of the toxicity of a subgtance shall be given
prior to material selection.

,

15. Eolvvinvl chlo ride. Polyvinyl chloride insulating materials shall not be
uged in aerospace applications.
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REQUIREMENT 12

FASTENER HARDWARE

1. ~. This requirement establishes criteria for the selection and

application Of fastener hardware.

2. Documen~ licable to Requirement 12:

FF-B-575
FF-N-836

FF-R-556

FF-S-85
FF-S-86
FF-s-92
FF-S-107
FF-S-200
FF-S-21O
FF-w-84
FF-w-92
FF-W-1OO
QQ-P-416
TT-S- 1732

FED-STD-H28
MIL-S-1222

MIL-F-5591
MIL-R-5674
MIL-B-6812
MIL-S-7742

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

MIL-S-8879

MIL-T- 10727

MIL-F-18240
MIL-T-22361
MIL-S-22473
MIL-F-22978
MIL-R-24243

MIL-N-25027

MIL-R-27384

Supersedes

Bolts, Hexagon and Square
Nut, Square, Hexagon, Cap, Slotted, Castellated, Clinch,
Knurled and Welding
Rivet, Solid, Small; Rivet, Split, Small; Rivet Tubular, Small;
and Caps, Rivet, General Purpose
Screw, Cap, Slotted and Hexagon-Head
Screw, Cap, Socket-Head
Screw, Machine; Slotted, Cross Recessed or Hexagon Head
Screws, Tapping and Drive
Setscrews; Hexagon Socket and Spline Socket, Headless
Setscrews, Square Head and Slotted Headless
Washers, Lock (Spring )
Washer, Metal, Flat (Plain)
Washer, Lock (Tooth)
Plating, Cadmium (Electrodeposited )
Sealing Compound, Pipe Joint and Thread, Lead Free General
Purpose
Screw-Thread Standards for Federal Services
Studs, Continuous Thread (Bolt Studs); Nuts, Plain, Hexagnn;
and Steel Bars, Round - High Temperature Service
Fasteners, Panel
Rivets, Aluminum and Aluminum Alloy
Bolt, Aircraft
Screw Threadg, Standard, Optimum Selected Series; General
Specification for
Bolt, Internal Wrenching, 160 KSI FTU
Rivets; Blind, Structural, Pull-Stem and Chemically Expanded
Rivets, Blind, Nonstructural Type
Bolt, Tensile, Steel, 180 KSI Ftu, 4500F, External Wrenching,
Flanged Head
Screw Threads, Controlled Radiug Root with Increased Minor
Diameter, General Specification for
Tin Plating, Electrodeposited or Hot-Dipped for Ferrous or
Nonferrous Metals
Fastener, Externally Threaded 250°F, Self-Lncking Element for
Thread Compound, Anti seize, Zinc Dust-Petrolatum
Sealing, Locking and Retaining Compounds, Single-Component
Faatener, Rotary, Quick-Operating, High Strength
Rivet, Blind, Nonstructural, Retained Mandrel, General
Specification for
Nut, Self-Locking 250°F, 45o0F, and 8000F, 125 KSI FTU, 60
KSI” FTU, and 30 KSI FTU
Rivet, Blind, Drive Type
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MIL-s-46163

MS33522

MS33540
t4s33557

NAS498
NAS547

Sealing, Lubricating, and Wicking Compounds, Thread Locking,
Anaerobic, Single Component
Rivets for Blind Attachment, Self-Plugging and Chemically
Expanded Typea, Limitations for Deaign and Usage
Safety Wiring, and Cotter Pinning, General Practices for
Nonstructural Rivets for Blind Attachment, Limitations for
Design and Usage
Bolt a, Shear
Fastener, Rotary, Quick-Operating, High Strength

3. Definitiona. The following definitions apply to Requirement 12.

3.1 Fastener. A fastener is a mechanical device for holding two or more
items or pieces of material together.

3.1.1 Fagtener. self-locking. A self-locking faatener is a fastener with a
prevailing-torque feature that resists rotation by gripping the mating thread.

3.2 Bolts and screws. Bolts and screws, as used herein, refer to the general
classification of externally threaded headed faateners.

3.3 ~. A stud is a headless fastener which is completely or partially
threaded with an external thread, and has no specific locking or wrenching
provisions.

3.4 m. A nut is a fastening device having an internal thread or an
aperture of lugs or prongs designed to mate with an external thread for the
purpose of holding threaded members with which it is engaged.

3.5 IL!?@. A rivet is a headed fastening device of malleable material with
the shank end designed to be expanded, upset, or spread.

3.6 Positi ve holding device. A positive holding device is one that requires
unlocking or destruction in order to remove the part it holds.

3.7 Soft material. Any plastic material, or any metal not in a work-hardened
or caee-hardened condition and having a Brinell hardness rating of less than
86, is a soft material.

3.8 Screw, self-tap Ding. Self-tapping screws are defined as follows:

a. Thread-cutting screw. An externally threaded fastener whose thread is
interrupted by flutes or slots for the purpose of cutting its own mating
thread.

b. Thread- forminR scr ew. An externally threaded fastener whose thread is
designed to form its own mating thread.

3.9 Zcrew. drive. A drive screw is a hardened cylindrical fastener with
multiple spiral flutes on its shank. It also has an end smaller in diameter
than the outside diameter of the spiral flutes which acts as a pilot when
driven into a drilled hole.
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3.10 Brittle material. A nonmalleable, nonelastic substance which cracks
when deformed.

4. General. Fasteners shall be selected so as to remain secure when exposed
to equipment operational and environmental atressea, including specified
testing. Except for those items designed to be affixed with one fastener,
parts shall be secured in such manner that failure of a single fastener will
not free the part completely. When practicable, friction between mating
surfaces shall not be employed as the sole means of preventing fixed parts
from rotating or shifting. For critically stressed applications suitable
torque values for screw thread assemblies shall be established and torque
measuring or controlling devices shall be used for tightening the threaded
parts.

5. Securing of Darts. Securing of parts by threaded fasteners to materiala
other than wood shall be in accordance with thd methods outlined in the
following subparagraphs.

5.1 L@mtinu of soft material to soft material. The mounting or assembly
of parts made of soft material to soft material shall be accomplished by one
of the following ❑eans, where practicable:

a. A through-screw secured by a self-locking nut or plain nut and lock
washer.

b. A through-screw secured by a plain nut, with a sealant applied to the
threads of the screw and nut.

c. A screw in a threaded bushing; in a staked , clinched, or pressed-in nut;
or in an insert. The bushing, nut, or insert shall be secured to the
structure. Wherever practicable, the engaged length of threaded inserts
should be at least 1-1/2 times the nominal diameter of the thread. (Where
insert design makes this impossible, the requirements of paragraph 11 apply. )
Where the material thickness is not great enough to accommodate a 1-1/2
times diameter insert, a shorter insert may be used if thread wear rather
than strength ia of primary importance, or a solid bushing type shall be
used, which provides equal strength with less length because of the greater
diameter. When an externally threaded fastener must be screwed into an
aluminum alloy part and the parts must be frequently disassembled in service,
the aluminum alloy parts shall be provided with inserts of COrrOsiOn-reSistant
ateel or other suitable material. Threaded holes in plastic material, when
used with externally threaded fasteners, shall be provided with suitable
metallic in9erts. When a lockwasher or a self-locking insert, nut, or bushing
is not used, a sealant shall be applied to the threads of the bolt or screw
and insert, nut, or bushing.

d. A screw in a tapped hole; with a sealant applied to the threads of the
screw.

e. A stud in a tapped hole.
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NOTE: The use of threaded fasteners made of aluminum alloy or magnesium to
mate with threaded parts of aluminum alloy or magnesium shall be avoided
wherever possible. Where such ia required, an anti seize compound shall
be used to prevent seizing of the threads.
5.1.1 Flat washers. Flat washers shall be used for the following
applications:

a. Between screw heada and soft materials, unless a washer head screw,
or similar type that provides a bearing surface equivalent to the bearing
surface of the appropriate flat washer, is being used.

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

c. Where lockwashers are used for securing a soft material, a flat washer
shall be provided to prevent marring or chipping of the material or the

aPPlied Protective coating, except in areas where an electrical ground ia
required.

d. Except where it conflicts with electromagnetic interference consid-
erations, a flat washer shall be used between an organically finished material
and lock-washers, bolt and screw heada, or nutg.

5.2 Mounting of hard material to soft material. In addition to the methods
outlined in 5.1, a screw with a lockwasher in a threaded bushing, insert, or
tapped hole may be used.

5.3 Mounting of soft material to hard material. In addition to the methods
outlined in 5.1, other means which may be used are:

a. A self-locking screw in a hole tapped into the hard material.

b. Self-tapping screw into the hard material when used within the limitations
of paragraph 10.

5.4 Mounting 01 hard material to hard m~rm. Any of the methods outlined
in 5.1 through 5.3 may be used.

5.5 &stening ofarittle materi*. Brittle castings or parts made of
ceramic or other brittle material shall be properly cushioned when necessary
to prevent breakage. Washers or gaakets of suitable material and compress-
ibility shall be used between the otherwise facing surfaces of the brittle
part and other brittle or metal parts, when practicable, to prevent breakage
or damage to the protected partg during asgembly or from severe shock, vi-
bration or temperature changes encountered under the specified service
conditions. Lead waahers shall not be used.

5.5.1 fiountinu of Darta. Threaded devlcea securing parta mounted with
pliable waahers shall not depend upon lockwashers as a locking device.
Threaded holes in ceramic material shall be avoided for assembly or mounting
of parts, if possible.
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6. Rivets

6.1 P.DDliCatiOQ. Rivets shall be used, where practicable, in preference to
other hardware for securing parts not requiring removal when the equipment is
serviced. Rivets shall not be used for mounting items normally subject to
replacement, such aa capacitors, resistorg, transformers, inductors, or tube
sockets. Wherever the thickness of metal which accepts the heads of flush
rivets is less than the height of the rivet heads, the material shall be
dimpled rather than countersunk. Where practicable, the distance from the
center of rivet holes to the edgea of the material in which the rivets are
placed shall not be less than 1- 1/2 times the rivet diameter. Rivets for
joining magnesium parts shall be composition 5056 anodized aluminum alloy or
an aluminum alloy having equal galvanic compatibility with the magneaium.
Where applicable, design and limitations of rivets shall be in accordance with
MS33522 and MS33557.

6.2 ~. Rivets shall conform to one of the following specification:

Small solid, split, tubular and general purpose rivets shall conform to
~;-R-556.

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

c. Nonstructural blind rivets shall conform to MIL-R-88 14.

d. Structural blind, pull-stem rivets shall conform to MIL-R-7885.

e. Blind, drive type rivets shall conform to MIL-R-27384.

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

7. Control shafta and CouDlinKs . Wherever the proper functioning of devices
ig dependent upon maintaining a prescribed relationship between control shafts
and associated couplings, collars, gears, and similar parts not permanently
fastened to the shaft, such parts shall be secured by positive locking de-
vices. Keyed or splined parts ghall be axially restrained if such movement
would be detrimental to the operating characteristics. Appropriate get
screwg may be used for axial restraint. Light-duty items, such as indicator
mechaniama and other devices normally designed to uee friction locking means
for adjustment, are exempted from this requirement. Socket style set screws
are preferred.

7.1 Set screw. One set gcrew may be used on a flatted shaft. Two set

screws at 90° to 120° displacement shall be used when the shaft ia not
flatted. Cone-point set screws shall not be used, except when the opposing
metal has been properly countersunk to receive the cone-point.

8. Access devices &a ~. do rs.0 cgyers. and~ti. The type, design,
and spacing of the fastening devices used to retain accese devices shall be
consistent with the desired degree of closure and frequency of required
access.
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8.1 screws and bolts for access devices If used, screws and bolts shall be— .
self-aligning, of tbe captive type when practicable. It shall be possible to
remove the faateners for replacement without damaging the attached pariel or
acceaa door.

8.2 barter-turn fastenera. QuarterTturn faatenera shall be used only to
retain nonstructural access devices where quick accesg is necessary. These
fasteners shall conform to MIL-F-5591 .

8.3 Quick ac cess. Rotary, quick-operating, high strength panel fasteners
such aa those conforming to MIL-F-22978 or NAS 547 shall be used to retain
structural access devices where quick access is necessary.

9. Countersinking. Fasteners should not normally be countersunk in sheet
material having a thickness less than 1-1/2 times the height of tbe fastener
head (in no case shall a feather edge be created). Thinner material should be
dimpled to assure proper seating, with tne fagtener head edge flush with or
below the surface of the ❑aterial.

10. Threa d- forminjz. thread-cut tin.z. and drive screws. Thread forming,
thread-cutting, and drive screws shall not be used except as follows:

a. For the permanent attachment of name plates to sheet metal where it is
practicable to extrude the bole permitting a minimum 1/8-inch full-thread
engagement.

b. With the specific approval of the procuring activity, thread-forming
sorewa may be used on equipment to be installed in a static (fixed station)
environment for low-stress applications where disassembly is not normally
anticipated.

c. For the permanent attachment of nameplate to material having nominal
thickness of l/8-inch or greater.

11. -d ermazement. For highly stressed applications, screws or bolts
shall have a minimum thread engagement of 1- 1/2 times their nominal diameter
in tapped parta other than nuts. In normal application, screws or bolts
shall have a minimum engagement length equal to their nominal diameter in
tapped parts other than nuta. When tbe assembly is not frequently dis-
assembled and where maximum stength is not required, less thread engagement
may be used, provided gpecial provisions are made to insure compliance with
required conditions.

12. klS.#la. The length of the screws and bolts installed with nuts shall be
mch that the exposed portion is a minimum of 1-1/2 threada. Maximum length
shall be limited by the nearest larger standard screw length. These rules
aPPIY excePt when such projection will result in corona discharge or when
design requirements cannot be met.
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13. ~s . All threaded assemblies shall be vibration and shock
proof .

13.1 Freauent Qsassemblv. Whenever practicable, where frequent disassembly

(more than 15 times) is not expected, self-locking nuts shall be used in lieu
of lockwashers.

13. 1.1 Stud mounted comrmnents. Self-locking nuts shall be avoided on
stud-mounted components unless the stud material is compatible with the
strength or material of the nut used.

13.2 Bolts or scr~. In application requiring the use of
bolts or screws without nuts, one of the following locking devices or methods
shall be used:

a. LockWashers under the heads of thy bolts” or screws

b. Self-locking

c. Self -1ocking

d. A locking or

screws

thread inserts

retaining compound a~plied to the threads

e. Safety wire through drilled heads.)

13.3 Castellated nut@. Castellated nuts with cotter pins are acceptable.

13.4 Flat head s crew=. Flat head screws, when not secured by other locking
means, shall be secured by the application of a retaining compound. Staking
by means of upgetting metal is acceptable for permanent assemblies when other
means are impracticable or unsatisfactory for design reasong.

13.5 ~ 0mD0und9. Retaining compound or nonmetallic retaining
devices in screws or nuts shall not be used where the specified service
conditions or processing, such as baking of paints or soldering, might
deteriorate the material. Retaining compounds which exceed the strength of
the fastener shall not be used where disassembly is required.

14. -e d d f teners~

14.1 ~. Threads shall be in accordance with FED-STD-H28 or MIL-S-7742.
Where threaded fasteners are required to mate with or ❑ount threaded corn-
mercial equipment or devices, threads shall be in accordance with FED-STD-H28.
Threads shall be in accordance with MIL-s-8879 fOr applications requiring high
stress or high fatigue life. (Caution shall be exercised where a MIL-S-8879
UNJ external thread fastener is used due to its incompatibility with the
commonly used UNC, UNF, or UNEF threaded nut or tapped hole. )
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14.1.1 Threads _@_airborne aDDlication~. Threaded parts for airborne

applications shall be in accordance with MIL-S-7742 and as amplified below:

a. ‘Threads for screws, bolts, nuts, and similar devicss shall be chosen from
the recommended selection contained in paragraph titled Recommended Selection
of PIIL-S-7742, unless used for adjustment, when they may be of fine or extra
fine thread series.

b. When MIL, AN, or other specifications for components such as variable
resistors and switches are in conflict with the requirements of 14.1. la, the
requirements of the specification for the component shall apply.

c. For high gtrength applications, MIL-S-8879 shall bs used.

14.2 Ihread sizea. The following thread sizes shall be utilized to the
maximum extent possible:

.112-40 UNC .2500 -28 UNF .5000 -20 UNF

.138-32 UNC .3125 -24 UNF .5625 -18 UNF

.164-32 UNC .3750 -24 UNF .6250 -18 UNF

.190-32 UNF .4375 -20 UNF

14.3 Screws and bolts.——— Screws and bolts shall conform to the specifications
listed below unless design requirements dictate otherwise:

a. Machine screws shall conform to FF-S-9Z.

b. Cap screws shall conform to FF-S-85 or FF-S-86.

c. Setscrews shall conform to FF-S-200 or FF-S-21 O.

d. Self-locking screws shall conform to MIL-F-1824o. Fiber inserts shall
not be used as the locking device.

e. Tapping screws shall conform to FF-S- 107.

f. Bolts shall conform to FF-B-575 , MIL-S- 1222, MIL-B-68 12, MIL-B-7838 ,
MIL-B-8831 , or NAs498.

14.4 ~~. Nuts shall conform to FF-N-836 or MIL-S- 1222 and shall be
preferably of the hexagon style with the following exceptions:

a. Nuts used in conjunction with a mechanical means to prevent rotation,
press-type nuts, i.e. , gang channel nuts, floating and self-aligning plate
nuts, clinch-type or press-in nuts

b. Plate nuts of the lug style which are generally riveted or spot-welded to
sheet structure

c. Nuts desi~ned for a specific purpose, e.g. , nuts for honeycomb structure

d. Sheet spring nuts shall not be used without specific approval of the
procuring activity.
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14.4.1 . Self -lockin~ nuts. Self-locking nuts shall conform to MIL-N-25027.

14.5 Qkwaehers. Lockwashers shall conform to FF-w-84 or FF-W- 100.
Preassembled nut and lockwasher or screw and lockwasher assemblies are con-
sidered satisfactory for use, provided they are replaceable by conventional
nuts, screws, and lockwashers.

14.6 Inserts Inserts shall be so constructed that they will not loosen when— .
tightening or loosening the screw or stud. External threaded inserts shall be
capable of being replaced with inserts which have identical internal threads.

14.7 .F~shers. Flat washers shall conform to FF-W-92 where applicable.

15. Materials and finishes. All bolts, screws, nuts, and other fastensr
hardware shall be fabricated of corrosion-resistant materials or shall have
a finish applied that will resist the corrosive effects of the specified
service environment. Fasteners which are cadmium plated in acc~rdance with
appropriate class, Type II, of QQ-P-416 shall not be subject to embrittlement
relief test. Tin plating in accordance with MIL-T-10727 may be ueed in lieu
of cadmium plating if soldering to the psrt is required. Standard MS or AN
parts with other suitsble finishes will not require refinishing.

15.1 ~u~ nuts. For dry-film lubricated nuts, the type
and class of plating are optional if the nuts conform to the salt sprsy
requirements for type II plating in accordance with QQ-P-4 16.

15.2 Other~ Other materials may be used where uniquely required
by the design of the equipment. Materials shall not be used which take a
permanent set under normal conditions of stress.

15.3 Thread lockinz and r$tsininR coMOOg. Thread locking and retaining
compounds shall conform to MIL-S-22473 or MIL-S-46163 and shall be applied in
such a manner that the required level nf locking or retaining is achieved and
maintained. Such compounds shall:

a. Not be used where required electrical conductivity is impaired

b. Not be used where failure of the compound would endanger personnel or
damage the equipment

c. Be compatible with the material and
shall have no detrimental effect on the

d. Not cause or accelerate corrosion.

finish to which they are bonded and
materisl or finish
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15.4 Safetv wiring and c&ter Dins. Application of safety wiring and cotter
pina shall conform to MS33540, where practicable. Safety wiring and cotter
pins shall not be used on terminals such as screws and threaded studs required
to function as electrical terminals.

15.5 Antiseize COUIDOUndS. Antiaeize compounds shall conform to MIL-T-22361
or TT-S-1732. Graphite base antiseize compounds shall not be used.

REQUIREMENT 12
10 January 1983
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REQUIREMENT 13

STRUCTURAL WELDING

1. Pur~Ose. This requirement establishes criteria for structural welds.
Welded electrical connections are excluded from this requirement.

2. -ents aDDlicable to Rgauirement~:

MIL-W-6858

MIL-w-8604
MIL-W-861 1

MIL-W-18326

MIL-W-46 132
MIL-STD-22
MIL-STD-248
MIL-STD- 1261
MIL-STD-1595

MIL-HDBK-5

ANSIIAWS A2 .4-79
ANSI/AWS A3. O-80

3. General. The

Welding, Resistance; Aluminum, Magnesium, Nonhardening
Steels or Alloys, Nickel Alloys, Heat-Resisting Alloys, and
Titanium Alloys, Spot and Seam
Welding of Aluminum Alloys; Process for
Welding, Metal Arc and Gas, Steels, and Corrosion and Heat
Resistant Alloys, Process for
Welding of Magnesium Alloy s., Gas and Arc, kfanUal and
Machine Processes for
Welding, Fusion, Electron Beam, Process for
Welded-Joint Designa
Welding and Brazing Procedure and Performance Qualification
Welding Procedures for Constructional Steels
Aerospace Welder Performance Qualification (supplement tO
ASME Boiler and Pressure Vessel Code, Section IX, 1974)
Metallic Materials and Elements for Aerospace Vehicle
Structures
Symbols for Welding and Nondestructive Testing
Welding Terms and Definitions

joint areas of all parts to be welded shall be cleaned of
contaminants and materials which may be detrimental to obtaining satisfactory
welds. The fusion, penetration, and size of the weld shall be sufficient to
meet the design requirements. Degradation of material properties in the beat
affected zone caused by welding shall be considered. Weldments shall be stress
relieved when induced stress resulting from welding, design configuration, or
materials welded may be harmful. See ANSI/AWS 2.4 for welding symbols, ANSI/
AWS A3 .0 for welding terms and definitions , and MIL-STD-22 for welded joint
designs.

4. Arc and gas_welding-. Unless otherwise specified in tbe detail equipment
specification, welding by arc and gas ❑ethods shall be performed by operators
who have pasaed the applicable certification tests and have a certificate of
proficiency in accordance with MIL-STD-248 or MIL-STD-1595. Electrodes used in
arc welding shall be of. the type that will produce a weld having chemical and
physical properties similar to those of the parent metal. For the materials
indicated, welding shall conform to the following specifications:

a. Welding of

b. Welding of

c. Welding of

Supersedes
REQUIREMENT 13

aluminum alloys: MIL-w-8604

magnesium alloys: MIL-W-18326

steel alloys: MIL-W-861 1.
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5. Resistance welding. Where structural apot welding is used, the number of
welda shall be sufficient to provide adequate strength for the intended purpose
with no less than two welds on each part. Spot welding of joints shall conform
to the process requirements of MIL-w-6858. MIL-HDBK-5 may be used aa a guide
for spot-to-sheet edge distances and allowable strengtha.

6. Noncritical aDDlications. In ground equipment applications, weldin%
procedures in accordance with MIL-STD-1261 may be used where, if the weld
should fail, it will not compromise personnel or equipment safety or prevent
completion of the mission.

7. Other methods. Other welding methods, such aa the electron beam process
(MIL-W-46 132), may be used provided approval is obtained from the procuring
activity.

REQUIREMENT 13
30 August 1983
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REQUIREMENT 14

TRANSFORMERS, INDUCTORS,

1. PurD03e. This requirement establishes the
inductors, and coil$+.

2. Documents aDDlicablAto Reauirement_fl.

MIL-T-27 Transformers and Inductors

AND COILS

requirements for transformers,

(Audio, Power, and High Power
Pulse ) , General Specification for

MIL-C-15305 Coils, Fixed and Variable, Radio Frequency, General
Specification for

MIL-T-21038 Transformers, Pulse, Low Power, General Specification for
MIL-C-3901O Coils, Fixed, Radio-Frequency, Molded, Established

Reliability y, General Specification for
MIL-T-55631 Transformers, Intermediate Frequency, Radio Frequency and

Discriminator, General Specification for
MIL-I-83446 Inductors, Chip, Fixed or Variable, General Specification

for
MIL-T-83721 Transformer, Variable, Power, General Specification for
MIL-S’TD-1286 Transformers, Inductors, and Coils, Selection and Use of

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

4. Audio. oower. and high-oower pulse transformers and_tid&kofi. Audio,
power, and bigb-power pulse transformed and inductors shall conform to
MIL-T-27 with grade, class, and life expectancy as listed in table 14-1.

TABLE 14-I . Audio, Dower, and hiKh Dower Dulse t~s.f.e~.
.— ,.

Temperature 1

Application Grade class I
I 1

_liElw5JShipboard, transportable and ground-mobile
Ground-fixed
Aircraft and missile

Grade 6 transformers and inductors may be used in hermetically sealed or
encapsulated assemblies only.

5. Intermediate. radio freauencv and discriminatu~afir~rs. Inter-

mediate, radio frequency and discriminator transformers shall conform to grade
1, 2, or 4 of MIL-T-55631 . The use of grade 3 transformers shall be limited to
hermetically sealed or encapsulated assemblies.

6. Radio freauencv coils. Radio frequency coils shall conform to grade 1,
class O, A, B, or C of MIL-C-15305, except that radio frequency coils, fixed,
molded, with established failure rate levels shall conform to MIL-C-3901 O.

Supersedes
REQUIREMENT 14
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7. LOW-DOWeF Dulse transformers. Low-power pulse transformers shall
to MIL-T-21 038 with grade, class, and life expectancy as specified in
14-11. .

conform
table

TABLE 14-II. Low-DoWer Dill ae transformers.

r ——
Application

mm

‘-----~:;,m-qShipboard, transportable and ground-mobile
Ground-fixed
Aircraft and missile

8. ~hiD inductors. Chip inductors shall conform to MIL-I-83446.

9. General. Transformers and inductors, whether selected from the above or
especially designed with procuring activity approval for a particular
application, shall conform to the following:

a. we and weight. The size and weight of transformers and inductors
shall be held to a minimum consistent with required performance and life.
Every effort shall be made to use materials of light weight and to employ
methods of design and construction which assure minimum size and weight.
High temperature rise ia permitted when size and weight savings can be
effected, provided dependability, performance, efficiency, and required life
are obtained. The best available grades of core materials shall be used to
the maximum extent justifiable for the particular” application.

b. Yar iable inductors. When a roller or slider ,is used in contact with the
conductor of variable inductors, suitable provision shall be made to limit the
travel of the roller or slider to prevent its leaving the conductor.

c. Yariable tranafor~. Variable transformers shall conform to MIL-T-
83721.

REQUIREMENT 14
10 January 1983
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REQUIREMENT 15

FERROUS ALLOYS , CORROSION RESISTANCE

1. PuPDOse . This requirement establishes criteria for the selection and

application of ferrous alloys and the corrosion resistant properties and
treatments thereof.

2. @cuments aDDli@le to Reauiremant E:

QQ-P-416
QQ-S-700
QQ-S-763
QQ-S-766
QQ-W-423
QQ-W-470
QQ-Z-325
MIL-S-867
MIL-S-4043

MIL-S-5002

MIL-T-8506

MIL-T-8606
FED-STD-151
ASTM A47-77
ASTM A108-79
ASTM A109M-77
ASTM A304-79
ASTM A322-80
ASTM A331-74
ASTM A366-72
ASTM A512-79
ASTM A5 13-8o

ASTM A5 19-80
ASTM A568-74

ASTM A569-72

ASTM A570-79
ASTM A576-79
ASTM A6 11-82
ASTM A61 9-75
ASTM A620-75

ASTM A621 -7’5
ASTM A622-75

Plating, Cadmium ( Electrodeposited )
Steel, Sheet and Strip, Medium and High Carbon
Steel Bars, Shapes, and Forgings, Corrosion-Resisting
Steel Plates, Sheets, and Strip, Corrosion Resisting
Wire, Steel, Corrosion-Resisting
Wire, Steel, Carbon, Spring, Music
Zinc Coating, “Electrodeposited, Requirements for
Steel Castings, Corrosion Resisting Auatenitic
Steel, Corrosion-Resisting (Extra Low Carbon Type 304 )
Plate, Sheet, and Strip
Surface Treatments and Metallic Coatings for Metal Surfaces
of Weapons Systems
Tubing, Steel, Corrogion-Reaiatant, (304) , Annealed,
Seamless and Welded
Tubing, Steel, Corrosion-Resistant ( 18-8 Stabilized)
Metal, Test Methods
Malleable Iron Castings
Steel Bars, Carbon, Cold Finished, Standard Quality
Steel, Carbon, Cold Rolled Strip
Alloy Steel Bara Subject to End-Quench
Hot Worked Steel Bars
Steel Bars, Alloy, Cold Finished
Steel Sheet, Carbon, Cold Rolled, Commercial Quality
Cold Drawn Buttweld Carbon Steel Mechanical Tubing
Electrical Resistance Welded Carbon and Alloy Steel
Mechanical Tubing
Seamless Carbon and Alloy Steel Mechanical Tubing
Steel, Carbon and High Strength Low Alloy, Hot Rolled
Sheet, Hot Rolled Strip, and Cold Rolled Sheet, General
Requirements
Steel, Carbon (O. 15 maximum percent) , Hot Rolled Sheet and
Strip, Commercial Quality
Hot Rolled Carbon Steel Sheet and Strip, Structural Quality
Steel Bars, Carbon, Hot Rolled, Special Quality
Steel, Cold Rolled Sheet, Carbon, Structural
Steel Sheet, Carbon, Cold Rolled, Drawing Quality
Steel Sheet, Carbon, Cold Rolled, Drawing Quality, Special
Killed
Steel Sheet and Strip, Carbon, Hot Rolled, Drawing Quality
Steel Sheet and Strip, Carbon, Hot Rolled, Drawing Quality,
Special Killed

Supersedes
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ASTM A635-80

ASTM A675-79

ASTM A682-79

ASTM A684-81

3. De finltionfi.

Hot Rolled Carbon Steel Sheet and Strip, Commercial
Quality, Heavy Thickness Coils
Steel Bar and- Bar Size Shapes, Carbon, Hot Rolled, Special
Quality, Subject to Mechanical Properties Requirements
Steel, High Carbon, Strip, Cold Rolled, Spring Quality,
General Requirements
Steel, Carbon, Strip, Cold Rolled Hard, Untempered Spring
Quality

The following definition applies to Requirement 15.

3.1 Destructive corrosioq. Destructive corrosion shall be construed as being
any type of corrosion that in any way interferes with mechanical or electrical
performance.

4. Corrosion resistance. Ferrous alloys shall be corrosion-resisting types or.
shall be suitably protected to be capable of withstanding a salt spray test for
a minimum of 48 hours in accordance with FED-STD-151 . Where cleaning operations
on metal parts are not specified in detail, they shall be in accordance with the
best commercial practices which will not cause subsequent destructive corrosion.

5. Selection. The use of corrosion-resisting ferrous alloys is preferred to
the uae of plated and organically finisbed ferrous alloys if tbe application
justifies their use.

5.1 Iron and at eel. The use of iron or steel, except where specifically
required for electromagnetic or low-frequency shielding purposes, shall be kept
to a minimum commensurate with strength requirements. Where closures, cases,
frames, panels, brackets, and miscellaneous hardware are fabricated of steel,
such material shall be treated to prevent corrosion. Cast iron shall not be
used, except as indicated in the general equipment specification. Iron and
steel, when used, shall conform to the following typical but not exclusive
specifications, as applicable:

SDecificatiOn

ASTM Ati7
ASTM A304 ,

A322, A331
ASTM A576 , A675
ASTM A108, A109,

A366 , A568 , A569 ,
A570, A611, A619,
A620 , A621 , A622,
A635

QQ-S-700
ASTM A682, A684
ASTM A512, A513,

A519
QQ-W-470

SLuecL

Iron Castinge, Malleable
Steel Bar, Alloy, Hot Rolled and Cold Finished ( General
Purpose )
Steel, Bar, Carbon, Hot Rolled (Special Quality)
Steel, Sheet and Strip, Low-Carbon

Steel, Sheet and Strip, Medium and High Carbon
Steel, Carbon, Strip, Cold-Rolled, Untempered Spring Quality
Tube, Steel, (Carbon, Mechanical; Seamless and Welded )

Wire, Steel, Carbon, Spring, Music

REQUIREMENT 15
10 January 1983
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5.2 Corrosion-resisting ferrous allovs. Corrosion-resisting steel shall be
used for all structural parts which will be subjected to severe corrosive
conditions, such as exposure to sea water and combustion gases. They shall be
the austenitic corrosion-resisting steels, such as 302, 303, 304, 304L, 309,
310, 316, 316L, ’321, 322, 322A, and 347 and shall conform to the follcwing
typical but not exclusive specifications, as applicable:

~ Sub iect

QQ-S-763 Steel Bars, Shapes, and Forgings, Corrosion-Resisting
QQ-S-766 Steel Plates, Sheets, and Strip, Corrcsion-Resist ing
QQ-W-423 Wire, Steel, Corrosion-Resisting
MIL-S-867 Steel Castings, Corrosicn Resisting Austenitic
MIL-S-4043 Steel, Corrosion-Resisting (Extra Lcw Carbon Type 304),

Plate, Sheet, and Strip
141L-T-8506 Tubing, Steel, Corrosion-Resisting, (304) , Annealed,

Seamless and Welded
MIL-T-8606 Tubing, Steel, Corrcsion-Resistant ( 18-8 Stabilized)

6. _icn protection

6.1 Corros ion-resistinz steels. Corrosion-resisting steels shall be given a
pasaivation treatment but need not receive any other protection plating or
finish, unless such plating or finish is necessary cr desirable for electrical
or ❑echanical reasons. Passivation shall be performed after all fabricating
operations, such as welding and machining, have been completed.

6.2 Iron an d -. Ordinary iron and steel shall be plated or finished to
resist corrosion, except for the following conditions:

a. Iron cr steel lamination used in magnetic circuits need not be plated or
given a protective finish if they are otherwise protected againat corrosion

b. Ferrous metal mechanisms that are bathed in oil or packed in grease, such as
bearings, geara, and cams, or potted or hermetical y sealed items, shall net
receive protective ccatings.

6.2.1 Corrosion-reaistinz treatmena. Corrosion-resisting treatments shall be

applied after all fabricating operations, such as welding and machining, have
been completed. The ccrrosion-resisting treatments and metallic coatings shall
be in accordance with the applicable portions of MIL-S-5002 and the following:

a. Cadmium-Dl ated Darts. Cadmium plating shall be in accordance with type II,
class 1 of QQ-P-416 plating with the following exceptions:

(1) Bolts, studs, washers, nuts, and articles with portions externally
threaded. These parts have a minimum of class 3 thickness.

(2) Parts whose dimensional tolerances will not permit a class 2 thickness
shall be given the maximum thickness of plating compatible with dimensional
tolerances.

Supersedes
REQUIREMENT 15
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(3) Holes, recesses, internal threads, and other areas where a controlled
deposit cannot be obtained normally shall not be subject to a thickness
requirement.

(4) Corrosion-resistant internal-threaded inserts, or protective antiseize
compounds, or internal threads, shall be used where necessary in cadmium-plated
parts.

b. ZinC qnd ZiIIC-Dlated Darts. Zinc and zinc-plated parts shall be given a
bichromate treatment in accordance with QQ-Z-325.

REQUIREMENT 15
10 January 1983
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REQUIREMENT 16

DISSIMILAR METALS

1. l!4c!JQs& . This requirement establishes criteria for the eelection and
protection of dissimilar metal combinations and other significant corrosion
behavior factors.

2. ~cument FJDD1icable to Requirement 16:

MIL-sTD-889 Dissimilar Metals

3. s election and aDv Olicati n. Selection of metals for use in electronic
equipment shall be made in accordance with the requirements of MIL-STD-889.
Where electronic design requirements preclude the insulation of incompatible
metal combinations as identified in MIL-STD-889 from one another, specific
attention should be paid to isolating the combination from exterior
environments.

Supersedes
REQUIREMENT 16
1 March 1976
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REQUIREMENT 17

PRINTED WIRING

1. PurDOse . This requirement establishes criteria for the design and treatment
of printed wiring boards and assemblies.

2. Documents avpl icable to Requirement 1Z:

MIL-P-13949 Plastic Sheete Laminated, C~er Clad (For Printed Wiring)
MIL-P-28809 Printed Wiring Assemblies
MIL-I-46058 Insulating Compound, Electrical (For COating Printed circuit

Assemblies)
MIL-P-46843 Printed Wiring Assemblies
MIL-P-50884 Printed Wiring, Flexible, General Specification fnr
MIL-P-551 10 Printed Wiring Boards
MIL-STD-275 Printed Wiring for Electronic Equipment

3. Rizid Drinkd WiriIIK and Drinted wirinz boards. Rigid printed wiring and
printed wiring boards for single-aided, double-sided, and multilayer printed
wiring shall conform to MIL-STD-275 and MIL-P-551 10. The materials used for
single-sided, double-aided, and multilayer printed wiring boarda shall conform
to MIL-P-13949.

3.1 Printed wirine board size. Whenever cost and technical requirements
permit, preferred rigid printed wiring board sizes should be used. These board
sizes will facilitate the development and use of standardized insertion end
extraction tools. The preferred board sizes and extractor hole size and
location are shown in figure 17-1.

3.2 Rigid Drinted wirinK assemblies. Rigid printed wiring assemblies
consisting of rigid printed wiring boards on which separately manufactured parts
have been added shall conform tn MIL-P-28809. For Army missile weapon systems,
MIL-P-46843 shall apply.

3.3 Con formal coatin~. When con formal coating is required, rigid printed
wiring assemblies shall be conformably coated with a coating material which
conforms to MIL-1-46058.

4. Flexible Drinted wirl~. Flexible printed wiring shall conform to
MIL-P-50884 .

Supersedes
REQUIREMENT 17
10 January 1983

17-1

REQUIREMENT 17
30 August 1983

Downloaded from http://www.everyspec.com



MIL-STD-454J

!.T
PRINTEDWIRING

BOARDNO.
BOARDS12[IN

NOMINAL
i.o15

Al 2.0.3.0
A2 2.0“ 4.5
A3 2,0x 6.5
A4 2,0x 8.0
BI 5,0.3.0
B2 5.0~ 4.5
B3 5.0s 6.5
B4 5.0x B.O
cl 6.5u 3.0
C2 6.5x 4.5
C3 6,5x 6.5
C4 6.5x 8.0

Vt
i

D ~1

-El_EL

f

3

FIGURE 17-1. Pr eferred Drinted wiring bo ard sW.

Supersedes
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REQUIREMENT 18

DERATING OF ELECTRONIC PARTS AND MATERIALS

1. pUrDOse. This requirement establishes criteria for derating of electronic
parta and materials.

2. Derating. In the application of electronic parts and materials, the parts
and ❑aterials selected shall be used within their electrical ratings and
environmental capabilities (e. g. , any ambient or hot spot temperatures,
voltage, current, or power dissipation) . Derating shall be accomplished as
necessary to assure the required equipment reliability within the specified
operating conditions.

18-1
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REQUIREMENT 19

TERMINATIONS

1. PurDOse. This requirement establishes criteria for the selection and use
of terminations.

2. Documents aDDliCable to Requirement Iq:

MIL-T-7928 Terminals, Lug and Splice, Crimp-Style, Copper
MIL-T-15659 Terminal, Lug, Solder Type, Copper
MIL-T-55 156 Terminals, Lug, Splices; Conductor; Screw Type, General

Specification for
MIL-T-55 164 Terminal Boards, Molded, Barrier, Screw Type, and

Associated Terminal Board Lugs, General Specification for
MIL-STD-1277 Splices, Clips, Terminals, Terminal Boards, Binding Posts,

Electrical
MS 27212 Terminal Boards, Assembly, Molded-in Stud, Electric

3. Part termination ns. The applicable part specifications shall control tbe
part termination. Termination of parts for which there is no applicable part
specification shall be mechanically strong. Terminals of potted parts shall be
fastened to a terminal insulating strip or plate (or the enclosure itself, if
this complies with the insulation requirements) in such manner aa to prevent
loosening or degradation in the moisture-excluding property of the enclosure by
normal connecting and disconnecting of external leads. Terminals shall be so
spaced as to prevent corona discharge, breakdown, and low leakage resistance
under specified conditions of high humidity (including cOndensatiOn) and high
altitude for the particular application.

4. Terminals

U. 1 Number of wires per~rminal or lUA. The number of wireg terminated in an
individual terminal or lug shall not be greater than three. Multi section
turret, bifurcated, or multi-hole lug terminals shall have not more than three
wires per section, tong, or hole. In no case ghall the total circular mil area
of the terminated wires exceed the circular mil area capacity of the terminal
or lug. If a greater number of wires is required than those specified herein,
aPPrOVal of the procuring activity shall be obtained.

4.2 LUJ? t erminals.
specifications, and

MIL-T-7928
MIL-T-15659
MIL-T-55 156

Lug terminals shall conform to one
wherever possible shall be selected

Crimp, insulated and noninsulated
Solder
Screw

of the followins
from MIL-STD-1277:

Supersedea
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4.2.1 Crim9inR Qr terminal lugs. Crimping of terminal lugs shall be so
accomplished that the connections will meet the resistance (voltage drop ) and
tensile strength requirements and tests of MIL-T-7928.

4.2.2 Crimr)imz tools. Crimping tools shall be as specified in the individual
terminal specification. However, contractors may use tooling as recommended by
the terminal or tooling manufacturer provided that the finished crimp meets all
of the performance requirements of the terminal specification. Maintenance

instructions and other data supplied by the contractor shall list the military
standard tools, terminals and splices.

5. Ex.minal boards and terminal iunction syste~

5.1 ~al boards. Terminal boards shall be selected from MIL-STD-1277.

Other subassemblies commonly known as terminal boards are not covered by this
Requirement.

5.1.1 Mounting. Terminal boards shall be secured only by boltg (machine
screws) and shall be capable of ready removal and replacement. They shall be

mounted in the position that will best facilitate the testing of the equipment.

5.1.2 Number of lugs Der terminal. The maximum number of lugs to be connected
to any one terminal on a terminal board shall be two for screw-type terminal
boards covered by MIL-T-55164 and as specified in the detail specification
sheets for stud-type terminal boards. Not more than four lugs shall be
connected to any one terminal of a board covered by MS27212. Accessories such
as stud connectors, straddle plates, jumpers and terminal board lugs shall be
counted as lugs for this purpose.

5.2 Terminal iunction systems. Terminal junction systems shall be selected
from MIL-STD- 1277.

6. Stud terminals, feed-through terminalsfld binding DOStS

6.1 Selection. Stud terminals, feed-through terminals and binding posts shall
be selected from MIL-STD-1 277.

6.2 Mounting. Adequate spacing or barriers shall be employed between adjacent
stud or feed-through terminals or binding posts to prevent corona discharge,
breakdown, and low-leakage resistance under specified environmental conditions
such as high humidity ( including condensation) and high altitude for tbe
particular application. Terminals shall not turn or loosen or deteriorate when
the equipment is sub jetted to specified service conditions, such as shock and
vibraticn. Terminals mounted on boards shall not cause cracking or delami-
nation of the board.

REQUIREMENT 19
15 March 1978
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REQUIREMENT 20

WIRE , HOOKUP, INTERNAL

1. Purvose. This requirement establishes criteria for the selection and
application of electrical internal hookup wire.

2. Docum ents aDDl icable to Rea ui rement 7Q:

QQ-kl-343
MIL-W-76
MIL-W-5086

NIL-W-5845
MIL-W-5846
MIL-W-5908
MIL-W- 16878
MIL-W- 19150
MIL-W-22759

Wire, Electrical (Uninsulated)
Wire and Cable, Rookup, Electrical, Insulated
Wire, Electric, Polyvinyl Chloride Insulated, Copper or
Copper Alloy
Wire, Electrical, Iron and Constantan, Thermocouple
Wire, Electrical, Chromel and/or Alumel, Thermocouple
Wire, Electrical, Copper and Constantan, Thermocouple
Wire, Electrical, Insulated, High Temperature
Wire, Insulated, Hard Drawn Copper
Wire, Electric, Fluoropolymer-Insulated, Copper or COPPer
Alloy

MIL-w-81044 Wire, Electric, Crosslinked Polyalkene, Cross linked
Alkane-imide Polymer, or Polyarylene Insulated, Capper or
Copper Alloy

MIL-W-8 1381 Wire, Electric, Polyimide Insulated, Copper or Copper
Alloy

MIL-W-81822 Wire, Electrical, Solderless Wrap, Insulated and
Uninsulated

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

3. General reau irements

3.1 m. Internal hookup wire shall be selected from the types and classes
specified by the documents listed herein whenever applicable. Other types of
wire may be used provided they are selected from specifications acceptable for
the specific application and approved by the procuring activity.

3.1.1 Identification. Hookup wires in the equipment shall be, insofar
as practicable, distinctly coded in color or numbered. Codes, when used,
shall be in accordance with MIL-STD-681 or as otherwise agreed upon with the
procuring activity. Numbers shall not be used where they would be difficult
to read or trace, such as in compact assemblies.

3.2 Wire characteristm

3.2.1 Solid or stranti. Stranded wire shall be used for conductors and
cables which are normally flexed in use and servicing of the equipment, such
as cables attached to the movable half of detachable connectors and hanging
cables attached to removable or movable doors and shields. Leads SIX inches
or less in length may be run as solid wires unless they form interconnections
between shock isolation mounted parts and nonshock isolation mounted parts.
There are some other instances, such as wire wrapping, where a solid conductor
may be required regardless of length.

Supersedes
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3.2.2 ~. Conductors shall be of such cross section, temper, and flexi-
bility, as to provide ample and safe current-carrying capacity and strength.
In general, wire shall not be smaller than size 22. Smaller wire may be used
when benefita can be obtained with no loss in performance. Specifically,
smaller wire may be used in cables having larger ,numbers of wires and adequate

support againat vibration. Smaller size wire ❑aybe used when necessary for
welding of electronic interconnections.

3.2.3 Bare wire. Bare hookup wire shall not be used unless insulated wire ia

impractical because of circuit characteristics or short.neaa of wire run. Bare
hookup wire shall be type S, soft or drawn and annealed, and coated, and shall
conform to QQ-W-343.

3.2.4 Thermocouple wire. Selection of thermocouple wire shall be in accordance

with MIL-W-5845, MIL-w-5846, or MIL-W-5908. ‘.

4. Detail requirements

4.1 Salection of wire. Selection of internal bookup wire shall be in
accordance with table 20-1 unless otherwise specified in the detail equipment
specification. For aolderleas wrap applications, wirea ghall be selected which
are in accordance with MIL-W-81822. Certain inwlating materials exhibit a cold
flow characteristic. Caution should be used in the selection of these materials
in applications requiring restrictive clamping or tying, etc. , where this
feature may result in exposed or shorted conductors.

4.2 ADD1ication restrictions

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

4.2.2 MIL-w-16878 shall not be used for Air Force space application.

4.2.3 MIL-W-22759 wire with only single polytetrafluoroethy lene insulation
used in Air Force space and
the procuring activity.

4.2.4 Wires with polyvinyl
applications.

REQUIREMENT 20
10 January 1983

missile application shall require the approval of

chloride insulation shall not be used in aerospace

20-5

Supersedes
REQUIREMENT 20
1 September 1982

Downloaded from http://www.everyspec.com



MIL-STD-454J

REQUIREMENT 21

CASTINGS

1. Puroose. This requirement establishes criteria for tbe design,
classification, inspection, and repair of castings.

2. Documents aDDlicable to Requirement U:

MIL-C-6021 Castings, Classification and Inspection of
MIL-STD-276 Impregnation of Porous Nonferrous Metal Castings

3. A~. In any design utilizing metallic caatings,
consideration shall be given to intended application, the availability of
molding and casting alloys, the choice of a suitable casting Process (see
table 21-1), and the use of ribs and fins.

TABLE 21-1. General cocmarison of metallic casting Drocesseq.

T
Type of Dimensional
castings accuracy

Sand 3
Die 1
Investment 1
Shell mold 2
Permanent mold 2
Plaster mold 2

!.bility to
!’eproduce
rine detail

3
1
1
2
2
1

—

~

’001
Ost

;
3
3
3
1

Suitability Surface Suitability
for smooth- for large

volume ness sized
production castings

3 3
1 1 ;
2 1 3
1 2 3

2 2

; 2 3

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

4. Die castings. Die castings shall not be used where the casting might
be sub.iect to imDact. zinc allOV die Castinzs shall not be used where
dimensional changes of the casti~g could aff=ct use of equipment.

5. Inserts— . Inserts which are intended to be cast in place shall be knurled,
grooved, or otherwise prepared to secure satisfactory keying of the insert to
the casting. Inserts shall be fabricated from a material which is not
adversely affected by exposure to tbe molten casting alloy. When inserts are
located near a casting edge, sufficient edge distance shall be allowed in
order to develop the required resistance to insert pull-out, and to avoid
cracking of the casting. Casting defects resulting from use of inserts, such
as partial alloying, poor bonds, porosity, and cracks shall not be present.

6. &ous ca stings. When required, castings shall be impregnated in
accordance with MIL-STD-276.

Supersedes
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7. lkMLc. Repair of minor surfaoe defects In castings by welding will
be permitted only when specific approval has been granted by the procuring
activity. In all cases, permission to weld and procedures to be used shall
be approved by the procuring activity. Unless otherwise approved by the
procuring aCtiVitY, welding shall be limited to maximum of 10 percent of
cross-sectional area and to areas where no severe stress or fatigue will be
encountered. With heat-treatable alloys, repair welding shallbe followed by
a complete heat-treating cycle.

8. ific tion and W Ctioa Castings shall be classified and inspected
in accordanceawith MIL-C-60;1. “

RE.QUIREMENT21
15 October 1970
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REQUIREMENT 22

PARTS SELECTION AND CONTROL

1. EMLQ!wQ. This requirement offers direction aa to parts selection 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 must be directly specified in the contract or the
aystem/equipment specification, as appropriate.

2. Document ticable tO Reouiram@d2:

MIL-sTD-965 Parts Control Program

3. ~. MIL-STD-965, establishes two procedures covering
the submiaaion, review, and approval of Program Parts Selection Lists and
changes thereto. The objective ia to achieve life cycle coat savinga and
cost avoidance by: (1) aasisting equipment cr system managers and their
contractors in the selection of parta commensurate with contractual require-
ments, (2) minimizing the variety of parts used In new design,
(3) enhancing interchangeability, reliability, and maintainability of military
equipments and supplies, and (4) conserving resources. MIL-STO-965 must be
tailored when applied; application guidance is offered in the document.

Supersedes
REQUIREMENT 22
15 March 1978
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REQUIREMENT 23

ADHESIVES

1. Puroose. This requirement establishes criteria for the selection and

application of adhesives.

2. Documents aDDl icable to Requirement 23:

MMM-A-121
MMM-A-130
MMM-A-131
MMM-A-132
MMM-A-134
MMM-A-138
MMM-A-181
MMM-A-789
MMM-A-1617
MIL-A-3920
MIL-A-5540
MIL-A-8576
MIL-A-2201O
MIL-A-22397

MIL-A-22895
MIL-A-24179
MIL-A-25463
MIL-A-46o5O

MIL-A-46 146

MIL-A-52194
MIL-A-81236
MIL-A-81253
MIL-A-83377

MIL-HDBK-691
ASTM Standard

Adhesive,
Adhesive,
Adhesive,
Adhegive,
Adhesive,
Adhesive,
Adhesive,
Adhesive,
Adhesive,
Adhegive,
Adhesive,
Adhesive,
Adhesives.

Bonding, Vulcanized Synthetic Rubber to Steel
Contact
Glass-to-Metal (For Bonding of Optical Elements)
Heat Resistant, Airframe Structural, Metal to Metal
Epoxy Resin, Metal to Metal Structural Bonding
Metal to Wood, Structural
Phenol, Resorcinol, or Melamine Base
Synthetic-Rubber, Thermoplastic, General Purpose
Rubber Base, General Purpose
Optical, Thermosetting
Polychloroprene
Acrylic Bage, for Acrylic Plastic

Solvent TvDe. Polvvinvlcbloride
Adhesive, ’Phenol and-~esorci~ol i7esin Bage (for Marine Service
Use )
Adhesive, Metal Identification Plate
Adhesive, Flexible Unicellular-Plastic Thermal Insulation
Adhesive, Metallic Structural Sandwich Construction
Adhegive, Cyanoacrylate, Rapid Room-Temperature Curing,
Solventless
Adhesive-Sealants, Silicone, RTV, Non-Corrosive (For Use with
Sensitive Metals and Equipment)
Adhesive, .Epoxy (For Bonding Glass Reinforced Polyester)
Adhesive, Epoxy Resin With Polyamide Curing Agent
Adhesive, Modified Epoxy Resin With Polyamine Curing Agent
Adhesive Bonding (Structural) For Aerospace and Other Systems,
Requirements for
Adhesives
Wood: Adhesives - Part 22

Code of Federal Reg~lations, Title 29, Chapter XVII, Part 1910.

3. Characteristics. Adhesives are subgtancea capable of holding materials
together by surface attachment. Depending on the adhesive method chosen, the
designed strength can vary from easily separable to bonds exceeding the
inherent strength of the substrate. Adhesive is a general term and includes,
among others, cement, glue, mucilage and paste. All of these terms are
loosely used Interchangeably. Varied terminology is used to indicate
adhesive characteristics (e. g., physical descriptions, such as liquid or
tape adhesives; chemical descriptions, such ag resin or silicate adhegives;
descriptions indicating adherends, such as rubber, metal, plastic or fabric
adhesivea; descriptions indicating use, such as high and low temperature or
pressure-sensitive adhesives).

Supersedes
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4. Classification. The major types of adhesives are listed below.

4.~ Press ure-sensitive. Adhesivea made to adhere to a surface by the brief

application of preaaure. Tapea,, decals, and nameplates are often attached to
surfaces using this type of adhesive. Advantagea
application and ease of separation of the parte.
of strsngth and poor eolvent reaiatance.

of this type are eaee of
Disadvantages are lack

up a large share of
which aet by solvent

4.2 ThermoDlasU. Thermoplastic adhesivea make
the adheeives in general use. They include those
evaporation, solutions of natural products such aa animal glues, processed
natural products such as cellulosic household cements, and natural and
~yntheti~ rubber as in IIdontacttt and general-purpose rubber adhesives. They
also include solventleas hot-melt adheaives, and thermoplastic adheaives which
require addition of a chemical activator. All thermoplastic adhesives have a
tendency to creep under load, especially at elevated temperature, and should
not be used in critical structural applications. Many thermoplastic adheaivea
have limited or poor resistance to certain solvents.

4.3 ThermosettinK. Thermosetting adhesives undergo a chemical reaction
caused by catalysts, heat, and other methods leading to polymerization into a
relatively infusible etage. This type is used in structural and nonstructural
application and can be modified for specific properties aa needed. Many
thermoaetting adhesives cannot be used for structural applications and many
cannot be used at elevated temperatures. However, thermoaetting adhesives
cre generally more aatiafactory for uae at elevated temperatures. than the
conventional thermoplastic adhesives.

5. Conaid erati~. The adhesive system shall be selected and used with due
consideration for the following factora.

5.1 DesiKn of’ ioint. For structural functions, this is a matter of prime
importance and good joint design practices shall be followed. The joint shall
be designed to minimize concentration of streaa. The baaic stress shall be
in shear. The weakeat design ia where the basic atreas is in cleavage or peel
and non-axial loading in tension produces cleavage.

5.2 Maan itude. direct ion. and tvues of separation fo rce~. The bonded joint
shall reeist fracture or separation resulting from stresses due to static
loads, bending, mechanical shock, vibration, or thermal shock. This requires
careful evaluation of the design and environmental requirements that will be
met by the joint.

5.3 Materials to be bonded. The materials to be bonded assume critical
importance as there are some materials, such as fluorocarbon, polyethylene,
and nylon that cannot be bonded satisfactorily without prior treatment,
apeoial adhesivea, or both. Therefore, a sound knowledge of materials and
adhesive methods is necessary.

Requirement 23
10 September 198!
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5.4 ?rOd uction caoa bilit~. It is important to adequately prepare the surface
of the substrate, to apply the adhesive, and to set or cure it in accordance
with the manufacturers specification or instructions. Adequate equipment is
necessary for this purpose.

5.5 Deleterious effects. The user shall ascertain that tbe formulation of
the adhesive selected shall have no deleterious effects on the bonded agsembly
or nearby items when the bonded assembly is in storage, tranait, or use under
the environmental conditions for which it waa designed. Deleterious effects
may be caused by the slow release of trapped solvents which can damage many
types of rubber and plastic, or cause other harmful resulte degrading
operation of the equipment.

5.6 ADDliCatiOn. In general, the thicker the adhesive layer, the lower
the ahear resistance, but the higher the strength to impact and peeling.
Care shall be taken to avoid starved joints which are the reSUlt Of either
absorption of “adhesive by a porous material, poor application, inadequate
coverage or excessive pressure. Where one or both of the adherends are
porous, successive thin coats of adheaive shall be applied to completely seal
the surface, and each coat shall be dry before the next coat is applied. This
procedure shall be used instead of the application of one thick adhesive coat
to the porous surface, except in the case of silicone adhesives.

5.7 Reaia tance to swelling. The adhesive shall be resistant to swelling or
other deterioration caused by contact with air, moigture, fungus, gaaeg,
ozone, or solvents which will be encountered in .yae.

5.8 ~Y. Adhesivea which are not compatible
structurally shall be avoided. For example, a brittle adhesive shall not
be used for glass bonding because excessive shrinkage during setting or curing
will load the glaa$ in tension. For assemblies which may be flexed or subject
to impact, a brittle adhesive shall not be used.

5.9 GarcinOg ens. Certain chemicals have been identified in the Occupational
Safety and Health Act .( OSHA) as cancer-producing substances (carcinogens).
Before using any materials which might contain these chemicals, they ghould be
evaluated in accordance with the Code of Federal Regulations, Title 29,
Chapter XVII, Part 1910. Consideration of the toxicity of a substance shall
be given prior to material selection.

Supersedes
REQUIREMENT 23
26 September 1977
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6. Guide for selection and aDDl ication. The following, although not a
complete list, may be used as a guide in selecting adhesives and bonding
procedures to meet design requirements in electronic equipment:

MMM-A-121
MMM-A-130
MMM-A-131
MMM-A-132
MMM-A-13U
MMM-A-138
MMM-A-181
FLMM-A-189
MMM-A-1617

MIL-A-3920
MIL-A-5540
MIL-A-8576
MIL-A-2201O
MIL-A-22397
MIL-A-22895
MIL-A-24179
MIL-A-25463

MIL-A-46050
MIL-A-461U6
MIL-A-52194
MIL-A-81236
MIL-A-81253
MIL-A-83377
MIL-HDBK-691
ASTM STD - Part 22

Many of these specifications have no requirements pertaining to electrical
properties. Where electrical properties are important, the suitability of the
material for the application shall be established.

REQUIREMENT 23
10 September 1981

23-4

Supersedes
REQUIREMENT 23
26 September 1977

Downloaded from http://www.everyspec.com



MIL-STD-454J

REQUIREMENT 24

WELDS, RESISTANCE, ELECTRICAL INTERCONNECTIONS

1. QcQQsfL. This requirement establishes criteria for resistance welds of
electrical and electronic interconnections and part leads.
does not include structural welds.

2. Document aDD1.icabl e to Requirement 2$:

MIL-W-8939 Welding, Resistance, Electronic Circuit

This requirement

Modules

3. Welds and eld nu Droc Ss es. Welds and welding processes shall be in
accordance wit: MI~-W-8939~

3.1 ~. All surfaces
free of contaminants which would
joint.

of leads or parta to be welded shall be
adversely affect the forming of the welded

3.2 Electrical con nectiona. Except where needed to meet electromagnetic
interference or system compatibility requirements, welded electrical con-
nections shall not be used where it may be necessary to disconnect, replace,
or reconnect a part or module during servicing.

3.3 Excess conductor wire-. Excess conductor wire shall be trimmed suffi-
ciently close to provide adequate clearance to prevent possible electrical
shorting but not so close as to cause damage to the weld joint.

3.4 Strain rel ief. Each part lead terminating at a connection point ghall
have allowance for strain relief to minimize tensile or shear stress.

Supersedes
REQUIREMENT 24
26 September 1977
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REQUIREMENT 25

ELECTRICAL POWER

1. PurDOse . This requirement establishes criteria for electrical power.

2. D~ e to Requirement ~:

MIL-STD-205 Frequencies for Electric Power
MIL-STD-255 Electric Voltages, Alternating and Direct Current
MIL-STD-704 Aircraft Electric Power Characteristics
MIL-STD-1275 Characteristics of 28 Volt DC Electrical Systems in

Military Vehicles
DOD-STD-1399 Interface Standard for Shipboard Systems
MIL-STD-1539 Electrical Power, Direct Current, Space Vehicle Design

Requirements

3. Elec trical DOwec

3.1 General. Except as specified below, the electrical power source required
for electronic equipment and associated equipment and for portions of systems
employing electronic equipment shall be in accordance with MIL-STD-205 and
MIL-STD-255 . The characteristics and the utilization of power shall be in
accordance with the individual equipmeht specification. The required charac-
teristics shall be established, considering the type of power system charac-
teristics provided for tne application. Battery power source selection for
Army is controlled by U.S. Army Materiel Development and Readinesa Command
regulation.

3.2 Airborne. The electrical power requirements for airborne and associated
equipment shall be in accordance with MIL-STD-704.

3.3 ShiDbOard. The electrical power requirements for shipboard equipment
shall be in accordance with Type I of section 300 of DOD-STD-1399.

3.4 =. The electrical power requirements for space equipment shall be in
accordance with MIL-STD-1539.

3.5 Ground vehicles. The electrical power requirements for military ground
vehicles shall be in accordance with MIL-STD-1275.

Supersedes
REQUIREMENT 25
29 August 1980
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REQuIREMENT 26

ARC-RESISTANT MATERIALS

1. Put’Dose. This requirement egtabliahes criteria for the selection and

application of arc-resistant materials used for insulation of electrical power
circuits .

2. ~:

L-P-5 16
ZZ-R-765
MIL-I-1O
MIL-M- 14
MIL-P-79
MIL-P-997

MIL-P-15037

MIL-P-1916 1

MIL-M-24325
MIL-P-25518

MIL-P-46112
FED-STD-406
ASTM D495-73

Plastic Sheet and Plastic Rod, Thermosetting, Cast
Rubber, Silicone
Insulating Materials, Electrical, Ceramic, Class L
Molding Plastics and Molded Plastic Parts, Thermosetting
Plaatic Rod and Tube, Thermosetting, Laminated
Plastic Material, Laminated, Thermosetting, Electrical
Insulation, Sheets, Glass Cloth, Silicone Resin
Plastic Sheet, Laminated, Thermosetting, Glass-Cloth,
Melamine-Resin
Plastic Sheet, Laminated, Glass Cloth, Polytetrafluoroethylene
Resin
Molding Material, Plastic, Epoxy Compounds, Thermosetting
Plastic Material, Silicone Resin, Glass Fiber Base, Low-Pressure
Laminated
Plaatic Sheet and Strip,, Polyimide
Plaatics: Methoda of Testing
Standard Method of Test for High-Voltage, Low-Current Dry Arc
Resistance of Solid Electrical Insulation Materials

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

3. Material a. Arc-resistant materialg used for insulation of electrical power
circuits, where arcing is likely to occur, shall conform to table 26-1. These
materials shall be masked, if necessary, during any treatment of the equipment
in which they are used which might result in degradation of the arc-resistant
properties of the material. The materials listed herein have passed the
minimum requirements of 115 seconds when subjected to the arc-resistance test
of method 4011 of FED-STD-406 or ASTM D 495. Although satisfactory for illu-
strating the approximate arc-resistance ranking of insulating materials of
different composition, for those parts which may be subjected to other than
high voltage, low-current arcing, the materials should be evaluated for their
overall thermal and electrical characteristics and for their suitability for
the specific application. When evaluating arc-resistant materials, consid-
eration should also be given to their electrical characteristics when subjected
to the humidity conditions specified in the detail equipment specification.

4. Carcinou ens. Certain chemicals have been identified in the Occupational
Safety and Health Act (OSHA) aa cancer-producing substance (carcinogens).
Before using any materials which might contain these chemicals, they should be
evaluated in accordance with the Code of Federal Regulations, Title 29, Chapter
XVII, Part 1910. Consideration of the toxicity of a substance shall be given
prior to material selection.

Supersedes
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TABLE 26-I, Aro-retitant materia~.

Materials

Ceramic

Plastic, thermo-
setting, molding

Molding, epoxy compounds

Laminated rods and tubes

Laminated sheets

Glaes cloth, melamine
resin

Glass cloth, polytetra-
fluoroethylene resin

Glasa cloth, silioone
resin

Low pressure laminate,
silicone resin, glass
fiber base

Sheet and rod, cast

Sheet and strip, polyimide

Silicone rubber

REQUIREMENT 26
26 September 1977

SDecificati~

MIL-I-1O

MIL-M- 14

MIL-M-24325

MIL-P-79

MIL-P-15037

MIL-P-19161

MIL-P-997

MIL-P-25518

L-P-5 16

MIL-P-4611 2

ZZ-R-765

All

CMI-5, GDI-30, GDI-30F,
MAC, MAI-30, MAI-60,
MAI-1OO, MAT-30, MDG,
MME, MMI-5, MMI-30, MSG,
MSI-30, SDG, SDG-F, SDI-
30

MEE

GMG

GMS

GTE

GSG

All

E-2

All

All

Superaedee
REQUIREMENT 26
1 May 1975
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REQUIREMENT 27

BATTERIES

1. PurDose. This requirement establishes the criteria for the selection and

application Of batteries, including installation and marking criteria.

● ✎ m-- ..-”..,- “2”-1,,..I. I.. +- D,.”, . 4..---..+ ?7.c. V“vwu=ul,= ALL-Q”4- ““4, =Lu=’,. - ‘.

W-B-134 Battery, Storage (Lead-Acid, Industrial Floating Service)
U-B-137 Battery, Storage (Nickel-Alkaline, Industrial Floating

Service )
MIL-B-18 Batteries, Non-Rechargeable, Dry
MIL-B-10154 Batteries, Primary, Water-activated (Dunk Type)
MIL-B-1 1188 Batteriea, Storage, Lead-Acid
DOD-B-15072 Batteriea, Storage, Lead-Acid, Portable, General

Specification for (Metric)
MIL-B-49030 Batteries, Dry (Alkaline)
MIL-B-49430 Batteriea, Non-Rechargeable; Lithium Sulfur Dioxide
MIL-B-49436 Batteries, Rechargeable, Nickel Cadmium, Sealed
MIL-B-55118 Batteries, Storage, (Cells), Vented, Nickel-Cadmium
MIL-B-55130 Batteries, Rechargeable, Nickel-Cadmium, Sealed
MIL-B-55252 Batteries, Magnesium, Dry
MIL-B-81757 Batteries and Cells, Storage, Nickel-Cadmium, Aircraft,

General Specification for
MIL-B-83769 Batteries, Storage, Lead-Acid, General Specification for
MIL-STD-1578 Nickel-Cadmium Battery Usage Practices for Space Vehicles

3. USs2. Batteries shall not be used unless approved by the procuring activity.

4. Selection~~

4.1 Armv am lioatiw. Battery power source selection fcr Army equipment must
be approved by the ,US Army Electronics Research and Development Command,
Electronics Technology and Devices Laboratory, ATTN: DELET-P, Fort Monmouth, NJ
07703.

4.2 Recha Reable ba terit Rechargeable batteries shall conform to W-B-134,

W-B-137, M~L-B-11188, DOD~~15072, MIL-B-49436, MIL-B-55118, MIL-B-55130,
MIL-B-81757, MIL-B-83769, or DOD-STD-1578.

4.3 kwechargeable batterie s. Nonrechargeable batteries shall conform to
MIL-B-18, MIL-B-10154, MIL-B-49030, MIL-B-49430, or MIL-B-55252.

Supersedes
REQUIREMENT 27
29 August 1980

REQUIREMENT 27
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* 4.4 Lithium bat teriea. When lithium batteries are to be used in an equipment,
direction on their use, transportation, storage, and disposal shall be requested
through tbe procuring activity from the following sources:

For Army:

For Navy:

For Air Force:

US Army Electronics Research and Development Command
Electronics Technology and Devices Laboratory
ATTN: DELET-P
Ft Monmouth NJ 07703

Department of the Navy
Naval Sea Systems Command
ATTN: NAVSEA 06H
Washington DC 20362

Sacramento Air Logistics Center
ATTN: MMIREC
McClellan AFB OH 95652

● 4.5 SDace aDDlicatiOna. Batteries for space applications shall be selected and

applied in accordance with DOD-STD-1578.

● 5. Wterv cOmDarm. The battery compartment shall be provided with devices
to firmly secure the batteries, Adequate room shall be provided for battery
installation, maintenance, testing, and removal without disassembly of the
equipment. The battery compartment shall prevent pressure buildup from heat,
gases, liquids, or chemicals released during battery operation, charging,
deterioration, or rupture, and shall also prevent such materials from entering
the electronic compartment. When magnesium dry batteries are uged, extra
precautions shall be observed since these batteries give off heat at high rates
of discharge (less than 10 hours) and evolve hydrogen.

● 6. Marking and labe li~

6.1 -nation markin~. Connections, polarity, minimum acceptable voltage
for equipment operation, nominal voltage, and type(s) of batteries required
shall be marked as applicable in a prominent place on or adjacent to the battery
compartment.

6.2 ~rfing label. Battery-powered equipment, with the exception of equipment
requiring permanent battery installation, shall be labeled externally as
follows :

WARNING
REMOVE BATTERIES BEFORE

SHIPMENT OR INACTIVE STORAGE
OF 30 DAYS OR MORE

Examples of equipment requiring permanent battery installation are sonobuoys,

missiles, and fuzes.

REQUIREMENT 27
30 April 1984 !
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REQUIREMENT 28

CONTROLS

1. pUI’D09c. This requirement establishes criteria’ for the seleCtiOn and

application of controls.

2. Documents a~:

MIL-K-3926 Knoba, Control (For Use with Electronic, Communication, and
Allied Equipment)

MIL-K-25049 Knob, Control, Equipment, Aircraft
MIL-D-28728 Dial, Control, Multiturn Counters, ’General Specification for

3. Claaaification. Controls ar6 classified as follows:

a. -tire cent rols. Operating controls are controlg that may be required
fcr use during the normal operation of the equipment.

b. Adjustment controls. Adjustment controls are controls that are used for
alignment and calibration of the equipment and are not used during normal .
operation of the equipment.

4. DisDlay. All contro~a shall be marked, indexed, sized, and located’in
such manner that the control position can be readily identified. Controls
shall have fixed guide marks if presetting of the controls is required.

5. Arran gement ‘and 10 1cat’on. Controls shall be arranged to facilitate smooth
and rapid operation. All controls which have sequential relations, which are
related to a particular function or operation, or which are operated together
shall be grouped together along with their associated displays. Controle
shall be conveniently located with respect to associated visual displays.
Controls located adjacent to their associated diaplayg shall be so positioned
that operation of the control will not obscure th’a display. Controls shall be
of such size and so gpaced that the manipulation of a given control doea not
interfere with the setting of an adjacent control. Adjustment controls with
required test points shall be grouped and ao marked as to provide for
simplicity and ease of maintenance. When the activation of a given control
may be hazardous to the equipment or operator, safeguards shall be provided.

6. Direct ion of IDovement. Controls shall be so connected in the circuit
that the controlled characteristics (e. g., sensitivity, volume, or voltage)
increase with clockwise rotation of the control as seen from the operating
position. In general, movement of a control forward, clockwise, to the right,
or up, shall turn the equipment on, cause the quan’tity to increase or cause
the equipment to move forward, clockwise, to the right or up.

Supersedes
REQUIREMENT 28
31 August 1973

28-1

REQUIREMENT 28
1 February 1977
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7. Accessi~

7.1 ODeratini7 controls. Controls necessary
ment shall be readily accesait)le, and unless
located on the front panel of the unit.

for the operation of the equip-
otherwise specified shall be

7.2 ~diustment controls. Adjustment controls that are required for periodic
alignment or calibration shall be mounted behind .covered openings such as
access doora, on the faces of the equipment most accessible when installed.
When not adjustable by hand , controls shall be designed to accept a common
screwdriver blade tip. Controls which infrequently require adjustment need
not be accessible from the operating panel, but shall be readily accessible
for servicing when the equipment is opened for maintenance purposes. Unless
otherwise specified, infrequently required controls should be screwdriver

adjusted.

8. Mechanical charact~tks

8.1 ODeration. Play and backlash in controls shall be held to a minimum
commensurate with intended operational functions and shall not cause poor
contact or inaccurate setting. Contols shall operate freely and smoothly
without binding, scraping, or cutting. Controls may be lubricated when

lubrication does not interfere with operation and is specified in the detail
equipment specification.

8.2 w. Mechanical stops shall be provided for all adjustable controls,
except controls designed for unlimited rotation. Where flexible control

shafts are employed, or where stops integral tO the adjustable control or the
mechanism could be damaged by excessive torque, stops shall be provided on the
driving end of the shaft.

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

8.4 tJonturn device~. All nonturning controls and bodies or cases of turning
controls shall be equipped with a positive device to prevent their turning in
the panel or assembly on which they are mounted.

8.5 Shafts and couolin~. Control shafts and couplings shall be of such
design and strength as to be commensurate with their respective loads.
Coupling between or to shafts shall be acoomplisbed by means of metallic or
insulated couplings rigidly secured. Shafts eubject to removal may have
their couplings secured by two set screwe 90 to 120 degrees apart. Flexible
couplings will be permitted for controls where the use of rigid couplings
would interfere with the satisfactory operation or mounting of such controls,
except that flexible couplings shall not be employed for frequency determining
circuits.

REQUIREMENT 28
1 February 1977

28-2

Supersedes
REQUIREMENT 28
31 August 1973
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8.6 Control knobs and handles. Control knobs and handles shall have high
impact strength and shall be firmly secured to the oontrol shafts by use of
9etscrews wherever that type of fastener is applicable. Plastic knobs and

handles 9hall have metal inserts for setscvews and shall not warp or crack.
Control knobs conforming to MIL-K-3926 or MIL-K-25049 shall be used wherever
suitable. For knobs not covered by a military specification, color, tactile
information, and flammability requirements shall be in accordance with
MIL-K-3926 .

8.7 Multiturn c ounters con trol d“al~. Manually operated multiturn counters
control dials shall conform to MI~-D-28728.

8.8 Stability. All controls shall be so designed that the setting, position,
or adjustment of any control shall not be altered when the equipment Is sub-
jected to the service conditions specified in the detail equipment speci-
fication.

8.9 Contiuc tion. Switches, levers, and other controls, which are
manipulated during operation of the equipment, shall be of such rugged design
and construction that they will not be damaged when repeatedly operated by
unskilled personnel under the specified service conditions.

9. Fac torv adlua tment controk. The, design of equipment ghall not include
*lfactoryt, or sealed adjustment controls, unless specifically approved by the
detail equipment specification.

Supersedes
REQUIREMENT 28
31 August 1973

28-3

REQUIREMENT 28
1 February 1977
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REQUIREMENT 29

ELECTRON TUBES

1. PurDOse. This requirement establishes the criteria for the choice,
specification, and application of electron tubes.

2. Document arml icable to Requirement 79:

MIL-STD-200 Electron Tubes, Selection and Use of

3. ~. Electron tubes shall be selected and applied
in accordance with MIL-STD-200.

3.1 ~. Each unit of equipment using electron tubes
shall be furnished with a complete set of electron tubes properly. installed
therein. These electron tubes shall be the electron tubes used in testing the
unit and each tube (unless separate packaging of the tube is specified) shall
remain in the socket which it occupied during the tests.

3.2 Submi~L G. Subminiature electron
tubes shall be soldered or welded into the circuit.

Supersedes
REQUIREMENT 29
1 November 1974

29-1

REQuIREMENT 29
1 August 1976
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REQUIREMENT 30

SEMICONDUCTOR DEVICES

1. PurDose. This requirement establishes criteria for the selection and

application of semiconductor devices.

2. Documents~ i ement ?Q:

MIL-S-19500 Semiconductor Devices, General Specification for
MIL-STD-701 Lists of Standard Semiconductor Devices
MIL-STD-1547 Parts, Materials, and Processes for Space and. Launch

Vehicles, Technical Requirements for

3. Selection and aDDl icati on. Semiconductor devices shall be selected and

applied in accordance with MIL-STD-701 and, for Space Division, AFSC (SD),
MIL-STD-1547 .

3.1 JANS levels. JANS level devices shall be used in space, launch, and
reentry equipment applications for Space Division, AFSC (SD). When JANS
parts are not available, parts shall be specified/procured in accordance with
the requirements of MIL-STD-1547.

3.2 JANTX and JANTXV levels. JANTX, JANTXV, m JANS level devices shall be
used in Army Missile Command, Army Electronics Research and Development
Command, Naval Air Systems Command and Air Force applications other than SD
space, launch, and reentry equipment. When these are not available, the
devices selected, including JAN types, shall be process conditioned, teated,
and screened (including Group A and B LTPD quality levels of MIL-W19500)
equivalent to the TX requirements for similar types.

4. Sealinq. All semiconductor devices used in equipment shall be hermet-
ically sealed in glass, metal, metal oxide, ceramic, or combination of these.
No plastic (organic or polymeric) encapsulated or sealed devices shall be uged
without the approval of the procuring activity.

5. Electro.vtat c seni sitive Darts. Certain types of semiconductor deviceg
are susceptible to electrostatic discharge damage. Appropriate discharge
procedures should be observed prior to handling these parts, and design
selections of desired devices should include a COnSideratiDn of the effec-
tiveness of the input or other protective elements included in the device
design.

Supersedes
REQUIREMENT 30
30 July 1982

30-1

REQUIREMENT 30
1 September 1982
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REQUIREMENT 31

MOISTURE POCKETS

1. EwR.Qa2. This requirement establishes criteria for the treatment and
drainage of moisture pockets.

2. Pockets. well=. and traDa. Pockets, wells, traps, and the like in which
water or condensate could collect when the equipment is in normal position
shall be avoided, where practicable.

3. Drainage. Where moisture pockets are unavoidable and the equipment is not

sealed, provision shall be made for drainage of such pockets. Desiccant or
moisture-absorbent materials shall not be used within moisture pockets.

4. ~. Where moisture buildup cannot be tolerated in sealed
equipment or assemblies such as waveguidea, the uge of desiccants or other
methods, such aa gas purging, should be considered.

Supersedes
REQUIREMENT 31
1 December 1971

31-1

REQiJIREMRNT 31
1 February 1977
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REQUIREMENT 32

TEST PROVISIONS

1. ~. This requirement establishes criteria for test provisions.

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

3. Test Drevisions. Test provisions to provide means for monitoring
performance, calibration, and fault isolation shall be in accordance with
MIL-STD-415.

3.1 Built-in test device~. Built-in test devices shall maintain their

accuracy under all operating conditions required by the equipment. These
devices shall be provided with connections or access for their operational
checkout or calibration.

3.2 External test Doints. Protection shall be provided in the test point

circuitry to prevent equipment damage caused by the external grounding of test
points.

3.3 Fa ilure effect. Provisions for testing shall be so designed that any
failure of built-in test devices will not degrade equipment operation or cause
equipment ehut down unless equipment is specifically designed to shut down in
case of built-in test device failure.

Supersedes
REQUIREMENT 32
1 March 1976

32-1

REQUIREMENT 32
15 March 1978
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REQUIREMENT 33

RESISTORS

1. PurDose. This requirement establishes criteria for the selection and

application of resistors.

● 2. Docu ments aDDl icable to Reauirement~:

MIL-T-23648 Thermistor (Thermally Sensitive Resistor), Insulated,
General Specification for

MIL-STD- 199 Resistors, Selection and Use of

3. Selection. Reaiators shall be selected and applied in accordance with
MIL-STD-199 .

4. Thermistors. Thermistors shall conform to MIL-T-23648.

Supersedes
REQUIREMENT 33
1 September 1978

33-1

REQUIREMENT 33
30 April 1984
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REQUIREMENT 34

NOMENCLATURE

1. ~. This requirement establishes criteria for nomenclature (item
name and type designation).

2. Document aDDl icable to Requirement 3!:,

MIL-STD-196 Joint Electronics Type Designation Systems

3. It in namee and tvD deeuination~ Item names and type designations shall
be est~blished for ele%.ronic equipm&t in accordance with MIL-STD-196.

4. Lim tati ion on tvDe deaicnation ~urovak. The assignment of type
designations shall not constitute approval of equipment or the use of a
particular item In a specific aat and shall not waive any requirements of the
contract involved, nor doea the approval of the equipment constitute approval
of the type designation assignment.

Supersedes
REQUIREMENT 34
10 June 1968

34-1

REQUIREMENT 34
15 March 1978
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REQUIREMENT 35

RELIABILITY

1. PurDose . This requirement offers direction as to reliability requirements
which must be considered when preparing contractual documents. IT DOES NOT
ESTABLISH REQUIREMENTS, AND MUST NOT BE REFERENCED IN CONTRACTUAL DOCUMINTS.
Reliability program tasks, quantitative requirements, and verification or
demonstration requirements must be directly specified in the contract or the
system/equipment specification, as appropriate.

2. Documents aDDlicable to Requirement ~:

MIL-sTD-721 Definitions of Terms for Reliability and Maintainability
MIL-STD-756 Reliability Modeling and Prediction
MIL-STD-781 Reliability Design Qualification and PrDdUCt Acceptance Tests:

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

Production
MIL-STD-1629 Procedures for Performing a Failure Mode, Effects and

Criticality Analysis
MIL-HDBK-217 Reliability Prediction of Electronic Equipment

3. Realibilitv vr ouram. Reliability engineering and accounting tasks aimed at
preventing, detecting, and correcting reliability design deficiencies, weak
parts, and workmanship defects and providing reliability related information
essential to acquisition, operaticm, and support management should be included
in contract requirements with the objective of establishing and maintainingan
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 extensive tailoring when it is applied. Detailed
application guidance as to the nature of the tasks and when they should be
imposed is provided. Other reliability documents which may be invoked through
MIL-STD-785 or which may be cited directly as a basis for contract requirement
include MIL-STD-721 , MIL-STD-756, MIL-STD-781 , MIL-STD-1629, and MIL-HDBK-217.

4. quantitative requirements. Quantitative reliability requirements and
verification or demonstration requirements should be established appropriate to
program phase.

Supersedes
REQUIREMENT 35
15 March 1980

35-1

REQUIREMENT 35
30 JUIY 1982
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REQUIREMENT 36

ACCESSIBILITY

1. f~DOSe. This requirement establishes criteria for accessibility.

2. Documents aDI)liCabl e to Requirement ?6:

MIL-STD-280

MIL-STD-721

MIL-STD-1472

3. Definitions

3.1 Accesaibilitv.

Definition of Item Levels, Item Exchangeability, Models,
and Related Terms
Definition of Effectiveness Terms for Reliability,
Maintainability, Human Factors, and Safety
Human Engineering Design Criteria for Military Systems,
Equipment and Facilities

Accessibility is as defined in MIL-STD-721 .

3.2 Part. subassembly, and assemblv. Part, subassembly, and assembly are as
defined in MIL-STD-280.

4. Compatibility. Equipment shall be designed for optimum accessibility
compatible with operating, maintenance, electromagnetic compatibility, and
enclosure requirements.

5. Access. Each article of equipment and each major subassembly forming a
part thereof shall provide for the necessary access to its interior parts,
terminals, and wiring for adjustments, required circuit checking, and the
removal and replacement of maintenance parts. Accessibility for testing
replacement does not apply to parts located in nonrepairable subassemblies or
assemblies. For routine servicing and maintenance, unsoldering of wires, wire
harnesses, parts or assemblies shall not be required in order to gain access to
terminals, soldered connections, mounting screws and the like. Inspection
windows shall be provided wherever necessary. Sizes of openings, maximum reach
requirements, and allowable sizes and weights of replaceable assemblies shall
conform to limits established in MIL-STD- 1472.

6. Connec tiona. Connections to parts inside a removable container shall be
arranged to permit removal of the container without threading connection leads
through the container.

7. m. Parts which are identified aa replaceable parts for the equipment
shall be eaaily removable and replaceable . These parts shall not be ❑ounted by
means of rivets, spot welding, or hard curing compounds. If, in order to check
or remove a part, it is necessary to displace some other part, the latter part
shall, whenever practicable, be so wired and mounted that it can be moved
without being disconnected and without causing circuit detuning or instability.

Supersedes
REQUIREMENT 36
1 March 1976

36-1

REQUIREMENT 36
15 March 1!)80
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No unsoldering or soldering of connections shall be necessary when the front
panel or any subchasais is removed for maintenance purposeg. Design shall be
such that where plug-in modules or assemblies are used , they can be easily
inserted in the proper location when correctly oriented without damage to
equipment or parts being engaged. Plug-in modules and assemblies shall be
designed to prevent insertion when incorrectly oriented.

8. Enclosures. Accessibility to chassis, assemblies, or parts contained
within cabinets, consoles or other. enclosure shall be provided from outside”
the baaic equipment through the use of access doora, by mounting such items
on withdrawal slides, swinging doors, through cable extenders and cable
retractors, provisions for circuit card extenders which will allow part or
❑odule operation in the open position, or other arrangements to permit adequate
access for properly servicing the equipment. Automatic or manually operated
locks shall be provided .to lock the chasais in the servicing position. When
withdrawal slideg are used they shall be of guided sectional construction with
tracks and rollers. Complete removal and acceaa for servicing of electronic
equipment contained within cabineta, consoles or other enclosures shall be
provided from either the front or rear of the equipment. Guide pins (or
locating pins) , or the equivalent, shall be provided for mechanical alignment
during mounting. Shipboard equipment shall have complete accegs for
maintenance and servicing from the front of the equipment. . . .

Supersedes
REQUIREMENT 36
15 March 1980

36-2

REQUIREMENT 36. :
1 March 1976
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REQUIREMENT 37

CIRCUIT BREAKERS

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

2. Oocum nts aDDle icable to Requirement 37:

w-c-375 Circuit Breaker, Molded Case; Branch-Circuit and Service
MIL-STD-1498 Circuit Breakera, Selection and Uae of

3. uotiOn and aDDlicat ion. Circuit breakers shall be seleoted from
MIL-STD-1498. Circuit breakers conforming to W-C-375 may be used where
commercial power sources are utilized. Trip-free circuit breakers shall be
used unless otherwise specified or approved by the procuring activity.
Nontrip-free circuit breakers shall be used only when the application requires
overriding of the tripping mechanism for emergency use.

3.1 M~ual oDerat ion. Circuit breakers shall be capable of being manually
operated to the ON and OFF positions. Circuit breakera shall not be used as
switches unless such breakers have been specifically designed and tested for
that type of service.

3.2 Internal access. Access to the internal mechaniam of a circuit breaker
shall require the breaking of a seal.

3.3 -POsition identification. Circuit breakers shall have easily identified
ON, OFF and TRIPPED positions except that the TRIPPED position may be the same
as the OFF position with no differentiation between OFF and TRIPPED being
required.

3.4 Orientation. Circuit breakers shall operate when permanently inclined in
any direction up to 30 degrees from the normal vertical or normal horizontal
position. The rated point of an inclined unit shall not vary more than ?5
percent of the current apecif ied for normal position mounting. Circuit
breakera used on flight equipment and portable teat equipment shall operate
within the limits of the detail specification when the equipment is in any
position or rotation about its three principal axes.

3.5 Yertical ~. Vertically mounted circuit breakers with toggle handle
actuators shall have the ON position upward.

3.6 insulating mater~. Insulating materialg used in the construction of
circuit breakers shall neither support combustion nor give off noxious gaaes
when subjected to the electrical arcing found in circuit breakera. Insulating”
materials subjected to arcing on inatantaneoua high current tripping ehall be
nontracking when subjected to the specified current limit.

Supersedes
REQUIREMENT 37
29 August 1980
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REQUIREMENT 37
1 September 1982
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3.7 Dielectric withstanding volt=. The. dielectric withstanding voltage
shall be not less than 1,000 volts plus twice the nominal operating voltage.

3.8 Insulation resistance. Unless otherwise specified, insulation resistance
shall be 100 megohms or more.

REQUIREMENT 37
1 September 1982

37-2

Supersedes
REQUIREMENT 37
29 August 1980
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REQUIREMENT 38

QUARTZ CRYSTALS AND OSCILLATOR UNITS

1. PurDose . This requirement establishes criteria for the selection of quartz
crystal units and crystal oscillators.

2. Documen ts aDDlicable to Reou irement ?~:

MIL-O-5531O Oscillators, Crystal
MIL-sTD-683 Crystal Units, Quartz; and Holders, Crystal

3.1 Qua t c rWL&h Quartz crystal units shall be selected in accordance
with MIL~SjD-683 .

3.2 Crvstal oscillator units. Crystal oscillator units shall conform to
MIL-O-5531 0.

Supersedea
REQUIREMENT 38
1 August 1976
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REQUIREMENT 38
1 September 1982
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REQUIREMENT 39

FUSES , FUSE HOLDERS, AND ASSOCIATED HARDWARE

1. PurDOse. This requirement established criteria for the selection and
application of fusea, fuse holders, and associated hardware.

2. ~ icable to Requirement 3q:

MIL-STD- 1360 Fuses, Fuseholders, and Associated Hardware, Selection and
Uae of

3. Mection~. Fuses, fuaeholdera, and associated hardware
shall be selected from MIL-STD-136o. Fusing shall be ao arranged that fuses
in branch circuits will open before the fuses in the main circuit. Fuaea are
not intended to perform the function of thermal overload relays or circuit
breaker devices. Fusea shall have ratings which correspond to those of the
parts and wiring they protect. Fuse ratinga shall be compatible with both
starting and operating currents. All fuses shall be eaaily replaceable.
Connections to extractor post type fuse holders shall be such that the load is
connected to the fuse terminal which terminates in the removable cap assembly.

4. Marking. The ampere rating of all fuaea used in the equipment shall be
indicated adjacent to the fuse holder in letters at least 3/64 inch high. In
additi On, MSPARE,, shall be marked adjacent to each spare fuse holder.

Supersedes
REQUIREMENT 39
1 December 1971

39-1

REQUIREMENT 39
31 August 1973
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REQUIREMENT 40

SHUNTS

1. Puroose. This requirement establishes criteria for the selection of
external meter shunts.

2. Docum ents aDDlicable to Requirement 4Q:

MIL-S-61 Shunt, Instrument, External, 50 millivolt (Lightweight Type)
MIL-I-136 1 Instrument Auxiliaries, Electrical Measuring; Shunts, Resistors,

and Transformers

3. SmL?lLa. External meter shunts shall conform to MIL-S-61 or MIL-I- 1361, as
applicable.

Supersedes
REQUIREMENT 40
10 June 1968

40-1

REQUIREMENT 40
1 February 1977
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REQUIREMENT 41

SPRINGS

1. PuPDOse . This requirement establishes criteria for the design, selection,
and application of springs.

2. Documents aDDlicable to ReouiremenL!kl:

QQ-B-750

QQ-C-530

QQ-C-533

QQ-C-585

QQ-C-586

QQ-S-766
QQ-W-321
QQ-W-423
QQ-W-470
MIL-S-7947
MIL-S- 13282
MIL-S-13572
MIL-C-19311

MIL-S-22215
MIL-s-46049

MIL-C-81021
ASTM A29-79

ASTM A682-79

ASTM A684-81

ASTM B522-80

Bronze, Phosphor, Bar, Plate, Rod, Sheet, Strip, Flat Wire and
Structural and Special Shaped Sections
Copper-Beryllium Alloy, Bar, Rod, and Wire (Copper Alloy
Numbers 172 and 173)
Copper-Beryllium Alloy Strip (Copper A11oY Numbers 170 and 172)
Copper-Nickel-Zinc Alloy Plate, Sheet, Strip and Bar ( COPPer
Alloy Numbers 735, 745, 752, 762, 766, and 770)
Copper-Nickel-Zinc Alloy; Rod Shapes, and Flat Products and
Finished Edges ( Flat Wire, Strip, and Bar)
Steel Plates, Sheeta, and Strip, Corrosion Resisting
Wire, Copper Alloy
Wire, Steel, Corrosion-Resisting
Wire, Steel, Carbon, Spring, Music
Steel, Sheet and Strip ( 1095) Aircraft QualitY
Silver and Silver Alloy
Spring, Helical, Compression and Extension
Copper-Chromium Alloy Forgings, Wrought Rod, Bar and Strip
(Copper A11oY Numbers 182, 184 and 185)
Silver-Copper-Cadmium-Nickel Alloy
Steel, Carbon, Strip, Cold Rolled, Hardened and Tempered,
Spring Quality
Copper-Cobalt-Beryllium A11oY (Copper A11oY No. 175) , Strip
Steel Bar, Carbon and Alloy, Hot Rolled and Cold Finished,
General Requirements for
Steel, Carbon, Strip, Cold Rolled Spring Quality, General
Requirements
Steel, Carbon, Strip, Cold Rolled Soft, Untempered Spring
Quality
Gold-Silver-Platinum Electrical Contact Alloy, Specification
for

Metals Handbook, Vol I ( 1978), American SOCietY fOr Metala

3. SDrinu Derformance and design

3.1 Fatigue limits. Fatigue limits and, in the case of contact springs,
electrical conductivity of the springs shall not be adversely affected by
corrosion, operating temperature, and other environmental conditions in
service. Fatigue limits shall be consistent with the maximum specified
operating cycles for the respective part or equipment or, if such ia not
specified, with the maximum duty cycle reasonably to be expected during the
equipment service life, so as to ensure against premature failure.

Supersedea
REQUIREMENT 41
15 August 1981

41-1

REQUIREMENT 41
10 January 1983
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3.2 Design. Springs shall be enclosed or otherwise captivated, where
practicable, to prevent parts from becoming adrift if broken.

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

3.4 Grain orient ation. Flexure and forming of spring elements should be
designed to occur perpendicular to the grain of the material. Deviation from
the perpendicular ghall not exceed 45 degrees. This requirement applies to
springs whether heat treated or not.

3.5 &QJs@ sori~. Helical springa shall conform to MIL-S- 13572.

4. m~uments for sDecifvinx materials. When the materials listed in tables

41-1, 41-11, and 41-111 are used, they shall conform to the specifications
listed for each material. Electrical contact springs shall use materiala
selected from table 41-1.

5. Finishes. Carbon ateel springs shall be suitably plated or finished to
resist corrosion.

REQUIREMENT 41
10 January 1983

41-2

Supersedes
REQUIREMENT 41
15 August 1981
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TABLE 41-1. SDrinR9 for eletiical armlicati~.

Material

Copper-nickel-zinc alloy

Copper-nickel-zinc alloy

Copper-beryllium alloy

Copper-beryllium alloy

Copper alloy

Copper-cobalt-beryllium
alloy

Copper-chromium alloy

Phosphor bronze

Platinum-iridium alloy

Silver-copper alloy

Silver-copper-cadmium-
nickel-alloy

Palladium-copper alloy

Supersedes
REQUIREMENT 41
15 August 1’381

Form

Plate, sheet, strip and
rolled bar

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

Bara, rods, and wire

Strip

Wire, spring

Strip

Bar, rod, and strip

Bar, rod, plate, sheet, strip,
and flat wire

Strip

Bar, rod, plate, sheet, strip,
and wire

Rod, sheet, strip, and wire

41-3

:4aterial
specification

QQ-C-585

QQ-C-586

QQ-C-530

QQ-C-533

QQ-w-321

MIL-C-81021

MIL-C-19311

QQ-B-750

ASTM B522

MIL-S- 13282

MIL-S-22215

Metals Hand-
book , VO1 I

REQUIHENSNT 41
10 January 1983
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TABLE 41-11. Corrosion resisting steel sprinKs. J-/

Material
Material Form specification

1~ strip

1

Wire QQ-W-423
QQ-S-766

I I I
1/ COrrOaiOn resisting steel springs are preferred where electrical
conductivity ia not a consideration and where they are adequate for the
purpose intended.

TABLE 41-111. Carbon steel sm’inzs.

Material

Steel , high carbon

Steel, carbon and alloy
( for springs)

Steel, carbon and alloy

(for springs)

Steel, carbon, strip

Steel, carbon ( 1095)

Form

Wire, spring, music

Strip, cold rolled
untempered spring

Bars, round, square
and flat

Cold rolled, hardened
and tempered spring

Sheet and strip A-annealed

(condition 1 ) H-hard temper
(condition 3) cold finished

Material
specification

ASTM A682
ASTM A684

I ASTM A29

MIL-S-46049

MIL-s-7947

1/ QQ-W-470 springs require heat treatment immediately after forming to
prevent stress embrittlement.

REQuIREMENT 41
10 January 1983

41-4

Supersedes
REQUIREMENT 41
15 August 1981
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REQUIREMENT 42

TUNING DIAL MECHANISMS

1. PurDOse. This requirement establishes criteria

construction of tuning dial mechanisms.

2. Mcuments aoDl icable to Requirement 42:

MIL-S-3644 Shaft Aaaembly, Flexible

for the design and

MS33558 Numerals and Letters, Aircraft Instrument Dial, Standard Form
of

3. TUdrIR dial mechanisms. Tuning dial mechaniama shall conform to the
following:

3.1 w. The division marking and lettering on tuning dials shall be
suitably etched or printed with characters of style MS33558. Dial markings
shall be legible at a distance of two feet from any point within a solid angle
of 6D degreea defined by a surface of revolution about a line through the
center of the dial and perpendicular to the panel. Minimum space between
characters shall be one stroke width. The width of the lubber line or pointer
tip shall not exceed the width of the graduation marks. Except for digital
tuning indicator, for which only one calibration number will be seen, diala
shall be marked so that at leaat two calibration numbers on each band can be
seen at any dial setting.

3.2 Balance and fr iction. Weighted tuning knobs shall be counterbalanced.
Friction in tuning dial mechanisms shall allow smooth and easy adjustment of
the operating knob over the entire operating range of the mechanism, but shall
have sufficient resistance or shall incorporate a positive locking device to
maintain the setting under all specified service conditions. Friction shall
be achieved through dry or elaatic resistance rather than by fluid reaiatance.

3.3 Flexible control shafts. Flexible ehaft assemblies conforming to
MIL-s-3644 shall be used when a flexible mechanical connection ia required
between the tuning knob and the tuned device.

3.4 Tuning ra tio . The tuning ratio used shall be the optimum which will
permit both rapid and precise setting.

Supersedes

REQUIREMENT 42
19 May 1971

42-1

REQUIREMENT 42
1 February 1977
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REQUIREMENT 43

LUBRICANTS

1. PurPOsQ. This requirement establishes criteria for the selection and

application of lubricants.

2. Docum ents Ulicab le to Reou irement ~:

VV-L-800 Lubricating Oil, General Purpose, Preservative (Water-
Displacing, Low-Temperature)

VV-P-236 Petrolatum, Teohnical
I4IL-L-2105 Lubricating Oil, Gear, Multi-Purpose
MIL-L-3150 Lubricating Oil, Preservative, Medium
MIL-L-3918 Lubricating Oil, Instrument, Jewel Bearing
MIL-L-6085 Lubricating Oil, Instrument, Aircraft, Low Volatility
MIL-L-6086 Lubricating Oil, Gear, Petroleum Bage
MIL-L- 15719 Lubricating Grease (High-Temperature, Electric Motor, Ball and

Roller Bearings)
MIL-L-17331 Lubricating Oil, Steam Turbine (Noncorrosive )
MIL-L-17672 Lubricating Oil, Hydraulic and Light Turbine, Noncorrosive
MIL-G-18709 Grease, Ball and Roller Bearing (Navy)
MIL-G-23827 Grease, Aircraft and Instrument, Gear and Actuator Screw
MIL-G-241 39 Grease, !4ultipurpoae, Quiet Service
MIL-G-81 322 Greaae, Aircraft, General Purpose, Wide Temperature Range
Code of Federal Regulations, Title 29, Chapter XVII, Part 1910

3. h!Ar&2aQK. Lubricants used in equipment shall be suitable for the purpose
intended and shall conform to the following.

3.1 Yarietv. The number of different lubricants shall be held to a minimum.

3.2 Volatility. Low volatility lubricants shall be used where practical.

3.3 @ tUDatibilitV. The lubricant shall be chemically inert with regard to the
materials it contacts.

3.4 .&Q.Ioones. Unless approved by the procuring activity, silicone compounds

shall not be used as lubricants.

3.5 GrauLLte b~. Graphite base lubricants shall not be used.

4. w~. Certain chemicals have been identified in the Occupational
Safety and Health Act ( OSHA) as cancer-producing substances (carcinogens).
Before using any materials which might contain these ohemicals, they should be
evaluated in accordance with the Code of Federal Regulations, Title 29, Chapter
XVII, Part 1910. Consideration of the toxicity of a substance shall be given
prior to material selection.

Supersedes
REQUIREMENT 43
15 August 1981

43-1

REQUIREMENT 43
10 January 1983
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5. Lubricant sDec ificat ions. Lubricants shall conform to the following:

VV-L-800 MIL-L-6085 FIIL-G-18709

VV-P-236 MIL-L-6086 MIL-G-23827
MIL-L-2105 MIL-L-15719 MIL-G-24 139
MIL-L-3150 MIL-L-17331 MIL-G-81322
MIL-L-3918 MIL-L-17672

REQUIREMENT 43
10 January 1983

43-2

Supersedes
REQUIREMENT 43
15 August 1981
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REQUIREMENT 44

FIBROUS MATERIAL , ORGANIC

1. Puroose. This requirement establishes criteria for the selection and

application of organic fibrous material.

2. Documents aDDlicable to Requirement 44:

V-T-276 Thread, Cotton
v-T-285 Thread, Polyester
V-T-29 1 Thread, Linen
V-T-295 Thread, Nylon
CCC-C-428 Cloth, Duck, Cotton; Fire, Water, Weather, and Mildew Resistant
MIL-W-53D Webbing, Textile, Cotton, General Purpose, Natural or in Colora
MIL-C-572 Cords, Yarna, and Monofilament, Organic Synthetic Fiber
MIL-T-3530 Thread and Twine, Mildew Resistant or Water Repellant Treated
MIL-w-4088 Webbings, Textile, Woven Nylon

MIL-C-9074 Cloth, Laminated, Sateen, Rubberized
MIL-W-27265 Webbing, Textile, Woven Nylon, Impregnated
Code of Federal Regulation, Title 29, Chapter XVII, Part I91O.

3. Fabric and thread. Unless otherwise specified by the procuring activity,

fabric and thread shall conform to the following.

3.1 General. The color of fabric or thread shall be as specified in tbe

detail product specification or by the procuring activity. Fabric and thread
shall be preshrunk, or allowance shall be ❑ade for shrinkage in order to
provide for satisfactory fit of finished items both before and after they are
imneraed in water and then dried.

3.2 Webbing

3.2.1 Cotton— . Cotton webbing shall conform to MIL-W-530, Clags 4 Or 7. ClaSS

7 shall be used when webbing will come in contact with natural or synthetic
rubber, or class 4 when prolonged contact with the skin may occur.

3.2.2 u. Nylon webbing shall conforn to MIL-w-4088 or class R of
MIL-W-27265 .

3.3 Cotton duck. Cotton duck used for protective enclosures shall conform
to type I or type 11 of CCC-C-428. Medium texture number 4 shall be used for
heavy duty service and hard texture number 12 shall be used for services
requiring light weight.

3.4 Thread Thread shall conform to the following:— .

V-T-276 Thread, Cotton
V-T-285 Thread, Polyester
V-T-291 Thread, Linen
V-T-295 Thread, Nylon

Superaedea
REQUIREMENT 44
1 March 1976

44-1

REQUIREMENT 44
26 September 1977
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3.4.1 Treatment.
MIL-T-3530. Type

Cotton and linen shall be treated
1, class 2 mildew inhibiting agent

in accordance with
shall be used when thread

. .
w1ll come in contact with natural or synthetic rubber, or type 1, class 1 when
prolonged contact with the akin may occur.

3.5 at@2L1. Laminated, two-ply rubberized cotton aateen shall conform to

MIL-C-9074 . This sateen shall not be used when prolonged contact with the skin
may occur.

3.6 Cords, varna. and monofilament. Cords, yarns, and monofilament shall
conform to MIL-C-572. Types PVCA, AR, vCR, and CTA shall not bs used where
they may be exposed to fungus attack.

4. CarcinOKena. Certain chemicals have been identified in the Occupational
Safety and Health Act ( OSHA) as cancer-producing substances (carcinogen) .
Before using any materiala which might contain these chemicala, they should be
evaluated in accordance with the Code of Federal Regulations, Title 29, Chapter
XVII, Part 1910. Consideration of the toxicity of a substance shall be given
prior to material selection.

REQUIREMENT 44
26 September 1977

44-2

Supersedes
REQUIREMENT 44
1 March 1976
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REQUIREMENT 45

,!. CORONA AND ELECTRICAL BREAKDOWNPREVENTION

1. BK!2Qse. This requirement establishes criteria for prevention of corona
and electrical breakdown.

2. D~45 :men li

ASTM D1868-73 Detection and Measurement of Discharge ( Corona) Pulses in
Evaluation of Insulation Systems

3.CO ~. When the equipment is terminated with the cabling or
other accessory equipment with which it is intended to be used, and when
operated under the specified service conditions of humidity, temperature,
condensation and barometric pressure with the specified power source
frequencies and voltagea ( including commonly recurring transients) , the corona
level shall be compatible with the specified electromagnetic interference
requirements. The corona level shall not degrade the equipment performance
beyond the specified ‘limits and shall not produce long-term degradation of the
properties of materials or parts which may cause premature failure of the
equipment. The corona extinction voltage shall ~be at least 150 percent of the
peak circuit voltage, corresponding to the maximum specified steady-state root
mean square supply voltage, at any point which doea not involve materials
resistant to the effects of corona. Corona inception and extinction voltages
shall be defined in accordance with ASTM D1868. 6harp edges and points ghould
be avoided on all metal parts which are included in high-intensity electric
fields. These are elements which contribute to formation of corona discharge.

4. Elec trical brea kdown Prevention. The equipment shall be designed and
manufactured with electrical clearance spacing, leakage (creepage) distances,
and insulation levels adequate to prevent electrical breakdown under the
apecif ied service conditions of humidity, condensation, barometric pressure,
temperature, service life, contamination, and operating voltage ( including
transients ) . Liquid dielectrics, gases other than ambient air, or
pressurization to prevent electrical breakdown shall not be used unless
specified by the detail equipment specification or approved by the procuring
activity.

Supersedes
REQUIREMENT 45
1 March 1976

45-1

REQUIREMENT 45
15 Maroh 1978
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REQUIREMENT 46

MOTORS, DYNAMOTORS, ROTARY POWER CONVERTERS
AND MOTOR-GENERATORS

1. PurDose. This requirement establishes criteria for the selection and

application of motors, dynamotors, rotary power converters, and
motor-generators.

2. ~ 0 uirement 4 :

CC-M-1807

MIL-D-24
MIL-G-311 1
MIL-G-3124

MIL-M-4803

MIL-M-4818
MIL-M-4819
MIL-M-4820
MIL-M-7969

MIL-M-8609

MIL-M-9397
MIL-R- 10761

MIL-M-13786

MIL-M-13787

MIL-M-17059

MIL-M-17060

MIL-M-1741 3
MIL-M-17556

MIL-M-19097
MIL-M-19 160

MIL-M- 19167
MIL-M-19283
MIL-M-19633

MIL-B-23071

Motors, Alternating Current, Fractional and Integral
Horsepower ( 500 HP and Smaller)
Dynamotors, General Specification for
Generator, Electric, Direct Current ( Naval Shipboard Use)
Generator, Alternating Current, 60 Cycle (Naval ShipbOard
us;)
Motor-Generator,
Requirements for
Motor-Generator,
Motor-Generator,
Motor-Generator,

400 Cycle, Precise Output, General

Skid Mounted, Type MD-2
Skid Mounted. TvDe MD-3
Skid Mounted j T~pe MD-~

Motor, Alternating Current, 400 Cyole, 11 5/200-Volt System,
Aircraft, General Specification for
Motors, Direct Current, 28 Volt System, Aircraft, General
Specification for
Motor-Generator, Mobile, Type MC-1A
Rotary Convertera (Motor Generators) , PU-1 34/u,
PU-140/u, PU-141/u, and PU-143/u
Motors, Fractional Horsepower, Direct Current and Universal
(for Communication and Other Electronic and Special Military
Applications)
Motors, Alternating Current, Fractional Horsepower, Squirrel
Cage (for Communication and Other Electronic and Special
Military Applications)
Motor, 60 Cycle, Alternating Current, Fractional Horsepower
(Shipboard Use)
Motors, 60 Cycle, Alternating Current, Integral Horsepower
(Shipboard Use)
Motorg, Direct Current, Integral Horsepower, Naval Shipboard
Motor, Direct Current, Fractional Horsepower, ( Shipboard
Use )
Motor-Generators, DC to AC, Shipboard Service
Motor-Generator, 60 Cycle AC to 400 Cycle AC, Shipboard
Service
Motor-Generators, AC to DC, Shipboard Service
Motor-Generator, DC to DC, Shipboard Service
Motor-Generator, 60 Cycle AC to 400 Cycle AC (Voltage and
Frequency Regulated) Shipboard SerViCe
Blower, Miniature, For Cooling Electronic Equipment ( 10 to
500 Cfm), General SpecificatfOn FOr

Supersedes
REQUIREMENT 46
1 February 1977

REQUIREMENT 46
15 August 1981

46-1
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3. Electromagnetic comDat ibl~. Motors, dynamotora, rotary power
converters, and ❑otor generators used In the equipment shall zneet tbe
electromagnetic compatibility requirement specified in the detail equipment
specification.

h. Motors - al ternating CUJ. Alternating current motors shall conform to
CC-M-1807, MIL-M-7969, MIL-M-13787, MIL-M-17059 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 . Other motors may be used where uniquely
required by the design of the equipment, provided they meet the applicable
requirements of the specification covering that type of motor and the
additional requirements of the detail equipment specification.

5. Motors - direc t cum. Direct current motors shall conform to
MIL-M-8609, MIL-M- 13786, MIL-M- 17413 or MIL-M- 17556. Other motors may be used
where uniquely required by the design of the equipment, provided they ❑eet the
applicable requirements of the specification covering that type of motor and
the additional requirements of the detail equipment specification.

5. Motor - generators. Motor-generators shall conform to one of the
following or shall be as specified in the detail equipment specification.

MIL-M-4803 MIL-M-9397 MIL-M- 19167
MIL-M-4818 MIL-R-10761 MIL-M-19283
MIL-M-4819 MIL-M-19097 MIL-M-19633
MIL-M-4820 MIL-M- 19160

7. Generators - al ternatinK current. Alternating current generators shall

conform to MIL-G-3124 or ghall be as specified in the detail equipment
specification.

8. Generators - direct cur rent. Direct current generators shall conform to
MIL-G-31 11 or shall be as specified in the detail equipment specification.

9. Dvnamoto rs. Dynamotors shall conform tn MIL-D-24.

REC)UIREMSNT 46
15 August 1981

46-2
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REQUIREMENT 46
1 February 1977
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REQUIREMENT 47

EnCapSUlatiOn AND EMBEDMENT(POTTING)

1. PurDow. This requirement establishes criteria for encapsulating and
embedding (potting) a part or an aasembly of discrete parts. Con formal coating
of printed circuit assemblies ia excluded from this requirement.

2. ~ lL? e to Requirement 47.

MIL-S-8516 Sealing Compound, Polysulfide Rubber, Electric Connector.$ and
Electric Systems, Chemically Cured

MIL-I-16923 Insulating Compound, Electrical, Embedding
MIL-s-23586 Sealing Compound, Electrical, Silicone Rubber, Accelerator

Required
MIL-M-24041 Molding and Potting Compound, Chemically Cured, Polyurethane

( Polyether Based )
MIL-I-81550 Insulating Compound, Electrical, Embedding, Reversion Regiatant

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

3. Definitions. The following definitions apply.

3.1 EncaD sulati~. A process for encasing a part or an asaembly of discrete
parta within a protective material which is generally not over 100 roils thick
and does not require a mold or container.

3.2 Embedme tn (Oot tins)-. A process for encasing a part or an assembly of
discrete parts within a protective material which is generally over 100 roils
thick, varies in thickness, fills the connecting areas within an asaembly, and
requires a mold or container to confine the material while it is hardening.
Potting is an embedding process where the protective material bonda to the mold
or container so that it becomes integral with the item.

4. ~e.tion of material. The encapsulation and embedment materials shall
be selected on the baais of the item(s) being encaaed. The manufacturer *s
instructing for mixing, method of application, and curing shall be followed.
The materials shall be capable of filling all voids and air spaces in and around
the item(s) being encased. The following points shall be considered when
selecting an encapsulation or embedment material:

a. Need for precautions due to hazardous characteristics of the material

b. Electrical, mechanical and thermal properties, including tear resistance,

resistance to flame, chemicalg, moisture, water, humidity, fungus, and
temperature extremes

Supersedes
REQUIREMENT 47
29 August 198o
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REQUIREMENT 47
30 August 1983
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c.

d.

e.

f.

~.

h.

i.

j.

k.

1.

m.

n.

0.

P.

q.

cOiOr or transparency

Dissipation factor

Specific gravity

Shrinkage

Heat distortion parameters

Stresses on parts

Durometer hardness

Adhesion to substrates (and priming)

Temperatures of application and curing

Repairability

Dielectric constant

Volume resiativity

Reversion resistance, including hydrolytic stability

Viscosity

Solvent effects.

4.1 Mat erials. Materiala shall be of a nonreversion type and shall be i+elected
from the following specification: MIL-S-8516, MIL-I-16923, MIL-S-23586,
MIL-M-24041 , and MIL-I-8 1550. For Air Force applications, approval for use of
any material other than transparent silicone in accordance with MIL-I-81550
shall be requested through the procuring activity from the Air Force Wright
Aeronautical Laboratories, ATTN: MLSE, Wright Patterson AFB OH 45433.

4.2 Carcino uens. Certain chemicala have been identified in the Occupational
Safety and Health Act (OSHA) as cancer-producing substance (carcinogen) .
Before using any materials which might contain these chemicals, they should be
evaluated in accordance with the Code of Federal Regulations, Title 29, Chapter
XVII, Part 1910. Consideration of the toxicity of a substance shall be given
prior to material selection.

5. Limitations. Materials used for encapsulation and embedment of parts and
assemblies shall be in accordance with applicable design requirements. Such
materiala shall have no deleterious effect on the part or asaembly to which they
are applied. The materials shall be contained, if necessary, to prevent flow or
cracks under the specified storage or operating environment.

REQUIREMENT 47

30 August 1983

Supersedes
REQUIREMENT 47
29 August 1980

47-2
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6. ADD1ication. No encapsulation or embedment materials shall be applied to an
individual part except as part of the controlled production process for that
part. The encapsulation or embedment of microelectronic modules and equipment
❑odules shall be avoided, except where specifically indicated by the require-
ments of a particular application. In such instances, the module design shall
be completely verified for the particular encapsulation or embedment materials
and processes to be employed. Amy changes in module design, materials, and
proceaaes will require re-evaluation of the ❑odules. In particular, extreme
temperature aging and temperature cycling teats shall be performed to verify
adequacy of the design. Wherever economically feasible, the module to be
encapsulated or embedded shall be designed aa a throw-away unit.

Supersedea
REQUIREMENT 47
29 August 1980

47-3

REQuIREMENT 47

30 August 1983
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REQUIREMENT 48

GEARS

1. EumQae. This requirement establishes criteria for the selection and
application of gears.

2. Document9 aDDlicable to Reouirem ent 45:

Index American Gear Manufacturers Association (AGMA)

3. -. The design of a gear train shall be such that the gear train

system shall meet performance requirements throughout its specified life.

3.1 Where practicable, geara shall be designated, dimensioned, tolerance and
inspected in accordance with the applicable AGMA specifications.

4. ~. Planetary or epicyclic gearing ia

preferred to worm gearing where applicable,

5. &Au@xkk

5.1 Geara not operating in a lubricant bath shall be made of corrosion
resistant materials.

5.2 Gears operating in a lubricant bath enclosure may be made of noncorro-
9i0n resi9tant materials. The lubricant shall have a corrosion inhibiting
additive.

5.3 Unless otherwise specified by the procuring activity, nonmetallic geara

may be used when they meet load, life, and environmental requirements of the
applicable specification.

Supersedes
REQUIREMENT 48
1 May 1975

REQUIREMENT 48
1 February 1977

48-1
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REQUIREMENT 49

HYDRAULICS

1. Purr)ose. This requirement establishes criteria for the design and
installation of a hydraulic system when it functions as an integral part of an
electronic system.

2. Documents aDD lioable.to Requirement 49:

MIL-H-5440

MIL-H-8891

MIL-H-25475

ANSI B93.1-1964
ANSI B93.2-1971
ANSI B93.3-1968
ANSI B93.4M-1981
ANSI B93.5-1979

ANSI B93.6-1972

ANSI B93.7-1968

ANSI B93.8-1968

ANSI B93.9M-1969

ANSI B93.1o-1969

Hydraulic Systems, Aircraft, Type I and II, Design,
Installation, and Data Requirements for
Hydraulic Systems, Manned Flight Vehicles, Type III, Design,
Installation, and Data Requirements for
Hydraulic Systems, Missile, Design, Installation, Tests, and
Data Requirements, General Requirements for
Fluid Power Cylinders, Dimension Identification Code for
Fluid Power, Glossary of Terms for
Cylinder Bore and Piston Rod Sizes for Fluid Power Cylinders
Electric Resistance Welded Mandrel Drawn Hydraulic Line Tubing
Use of Fire-Resigtant Fluids for Fluid Power Systems,
Practices for the
Mounting Flanges and shafts for Positive Displacement Fluid
Power Pumps and Motors, Dimensions and Identification Code for
Mounting Surfaces of Sub-Plate Type Hydraulic Fluid Power
Valves, Dimensions for
Bore and Rod Size Combinations and Rod End Configurations for
Cataloged Square Head Industrial Fluid Power Cylinders
Symbols for Marking Electrical Leads and Ports on Fluid Power
Valves
Static Pressure Rating Methods of Square Head Fluid Power
Cylinders

ANSI B93. 1 lM- 1981 Seamless Low Carbon Steel Hydraulic Line Tubing
ANSI SA!4 J514f Hydraulic Tube Fittings
ANSI SAE J518c Hydraulic Flanged Tube and Hose Connections, 4 Bolt, Split

Flanged Type

3. Ai r~e flight Wa. The design and installation of
hydraulic systems for aircraft or manned flight vehicles shall conform to the
applicable tyPe and clasa of system described in MIL-H-5440 or MIL-H-8891.

4. Missiles. The design and installation of hydraulic systems for missiles
shall conform to the applicable type and class of system shown in MIL-H-25475.

5. ~ r t eauimnent. The design and installation of hydraulic
support or test equipment shall be capable of meeting the environmental and
performance requirements specified by the procuring activity. Component? shall
be selected so that full compatibility with the system for which the support or
test equipment is being designed is attained.

Supersedes
REQUIREMENT 49
30 JUIY 1982

REQuIREMENT 49
10 January 1983

49-1
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6. &e ferences. The following documents contain additional information on
hydraulic design:

ANSI B93 .1 ANSI B93 .8
ANSI B93 .2 ANSI B93 . 9M >
ANSI B93 .3 ANSI B93.1o
ANSI B93.4M ANSI B93.11 M
ANSI B93.5 ANSI SAE J514
ANSI B93.6 ANSI SAE J518
ANSI B93.7

REQUIREMENT 49
10 January lg83

49-2

Supersedes
REQUIREMENT 49
30 JUIY 1982
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REQUIREMENT 50

INDICATOR LIGHTS

1. PurDose . This requirement establishes criteria for indicator lights and
associated items.

2. D mentsocu aDDlicable to Reo uirement 5Q:

W-L-1 11
W-L-1 16
MIL-L-3661

MIL-L-6363

MIL-L-7806
MIL-L-7961
MIL-L-15098
MIL-S-19500
MIL-STD- 1472

Lamps; Electric Incandescent Miniature, Tungsten-Filament
Lamps, Fluoroesoent
Lsmpholder, Indicator Lights, Indicator-Light Housings, and
Indicator-Light Lenses, General Speci f I cation for
Lamps, Incandescent, Aviation Service, General Requirements
for
Light, Panel, Plastic Plate Lighting
Lights, Indicators, Press to Test
Lamp, Glow
Semiconductor Device, General Specification for
Human Engineering Design Criteria For Military Systems,
Equipment and Facilities

3. Lights an d acce Sso ries. Indicator lights, indicator light housings,
lampholders, lenses, and lamps shall conform to table 50-1.

4. vi sual disDlav and lea nde liahts. Visual display and legend lights shall
comply with the requirements in MIL-STD-1472.

5. ~ EDIs}. LEDrs when used as indicator lightg shall
conform to the applicable detail specifications of MIL-S- 19500.

Supersedes
REQUIREMENT 50
1 November 1974

50-1

REQUIREMENT 50
29 August 1980
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REQUIREMENT 51

METERS, ELECTRICAL INDICATING, AND ACCESSORIES

1. Puruose. This requirement establishes criteria for the selection and

application Of electrical meters and meter accessories.

2. Docum et@ arml icable to Requirement 51_:

MIL-M-’7793 Meter, Time Total i zing
MIL-M-16034 Meter, Electrical Indication (Switchboard and Portable Types)
MIL-M-I6125 Meters, Electrical, ‘Frequency
MIL-I-81219 Indicator, Elapaed Time, Electrochemical
MIL-STD-1279 Meters, Electrical Indicating, Selection and Use of

3. ~ ioq. Meters shall be selected and applied in
accordance with MIL-STD-1279. Meters required other than those listed in
MIL-STD-1279 shall conform to one cf the following specifications: MIL-M-7793,
MIL-M-16034, MIL-M-16125 , MIL-I-81219 . For analog meters, the normal operating
value of the quantity to be indicated shall be between 1/3 and 3/4 cf full
scale deflection, wherever practicable.

4. AQ@2so rie~. Meter accessories ( resistors, transformers, and shunts) shall

conform to the requirements of the applicable meter specification.

Supersedes
REQUIREMENT 51
1 February 1977

51-1

REQUIREMENT 51
30 June 1979
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REQUIREMENT 52

THERMAL DESIGN

1. PurDOse. This requirement establishes criteria for thermal design.

2. Documents .aDD i1 cable to Requirement 57:

F-F-300 Filter, Air Conditioning, Viscous-impingement and Dry
Types, Cleanable

MIL-F-16552 Filter, Air Environmental Control System, Cleanable,
Impingement (High Velocity Type )

MIL-B-23071 Blower, Miniature for Cooling Electronic Equipment ( 10 to

500 cfln) , General Specification for
MIL-F-2871 7 Filter, Air, Viscous Impingement Type, Cleanable and

Reusable, for Equipment Enclosures, and Impingement Oil;
General Specification for

MIL-HDBK-251 Reliability/Design, Thermal Applications

3. Auxiliarv heating or coolin~. Auxiliary heating or cooling means or
devices may be employed when the equipment ig to be operated for prolonged
periods for test and checkout purposeg, when such periods are not consistent
with normal operating requirements.

4. Forced air cooliIIK. Forced air cooling shall be used only when natural
cooling does not provide sufficient cooling or when a significant reduction in
overall size and weight can be realized. Exhaust and recirculating fans and
blowers shall be driven by brushless motors operating from the available ac
power sources, if possible, or by properly shielded dc motors. The design
factors to be considered in determining tbe required fan or blower
characteristics include such factors as amount of heat to be dissipated, the
quantity of air to be delivered at the pressure drop of the enclosed
equipment, the allowable noise level, the permissible level of heat that may
be exhausted into the surrounding environment, and other pertinent factors
affecting the cooling requirement af the equipment. Miniature blowers shall
conform to MIL-B-23071 . Induced drafts and ventilation by means of baffles
and internal vents shall be used to the greatest practicable extent. Air
filters shall be provided for air intakes for fan and blower cooled units when
required to protect internal parts. Filters, when used, shall confora to
F-F-300, MIL-F-1 6552, or MIL-F-287 17, and shall be readily removable for
cleaning without disassembly of the equipment. All ventilation openings shall
be designed and located to comply with electromagnetic interference, undesired
radiation and enclosure requirements. When practicable, ventilation and air
exhaust openings shall not be located in the top of enclosures or in front
panels. Air exhaust shall be so directed that it will not inconvenience
operating personnel.

Supersedes
REQUIREMENT 52
30 June 1979
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4.1 For equipment
cooling air, wnich
detrimental to the
direct impingement

thermally designed for use with external source supplied
may contain entrained water or other contaminants
equipment, precautionary measures’ shall be taken to avoid
on internal parts and circuitry by channeling or use of

heat exchanger’s.’ If this is impractical, the water and c6ntamiiants shall be
removed from the cooling air by suitable water and contaminant removal ~~:.
devices. Consistent with adequate cooling, minimum differential pressure
(pressure drop) of the cooling air through the equipment heat exchanger or
cold plate shall be maintained. Each separate ‘piece of equipment being cooled
shall be marked with the high and low operating temperature to which it is ~”
designed, the quantity and characteristics of air required to adequately cool
the unit, an’d the resistance to air flow with respect to the air flow rate.

U.2 Equipment requiring externally supplied cooling air and intended for” use

in aircraft shall be designed using cold plates or heat exchangers so that
none of the cooling air will crime into contact with internal parts, circuitry,
or connectors .’

..

5. Other cooling” methods. Unless approved by the procuring activity, other
COOlfng methods such as liquid , evaporative coolants, and vapor cycle
refrigerants shall not be used.

6. llesim ‘KUidance. MIL-HDBK-251 may be used as a guide for detail
information on thermal design of electronic equipment.

,, , . .

.’, .

-.

REQUIREMENT’ 52
15 August ‘1981
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REQUIREMENT 53

WAVEGUIDES AND RELATED DEVICES

1. ~. This requirement establishes criteria for the selection of
waveguidea and related devices.

2. Documents aDD1.jcable to Reawement 53:

MIL-G-24211
MIL-S-55041
MIL-STD-1327

MIL-STD-1328

MIL-STD- 1329
MIL-STD- 1352
MIL-STD-1358
MIL-STD- 1636
MIL-STD- 163’/

MIL-STD- 1638
MIL-STD-1639

MIL-STD-1640
MIL-STD-2113
MIL-HDBK-216
MIL-HDBK-660

Gaskets, Waveguide Flange, General Specification for
Switches, Waveguide, General Specification for
Flanges, Coaxial and Waveguide; and Coupling Assemblies,’
Selection of
Couplers, Directional (Coaxial Line, Waveguide and Printed
Circuit) , Selectim of
Switches, RF Coaxial, Selection of
Attenuators, Fixed and Variable, Selection of
Waveguides, Rectangular, Ridge and Circular, Selection of
Adapters, Coaxial to Waveguide, Selection of
Dummy .Loads, Electrical, Waveguide, Coaxial and StriPline,
Selection of
Waveguide Assemblies, Rigid and Flexible, Selection of
Power Dividers, Power Combiners, and Power Divider/
Combiners, Selection of
Mixer Stages, Frequency, Selection of
Radio Frequency Circulators and Isolators, Selection of
RF Transmission Lines and Fittings
Fabrication of Rigid Waveguide Assemblies (SWeeP Bends and
Twists)

3. @aQraL. Waveguides and related devices shall be selected in accordance
with table 53-I. MIL-HDBK-216 should be used as a guide wherever applicable.
Waveguides and related devices shall conform to a specification listed in
table 53-I, or the appropriate specification in a standard listed In table
53-I.

3.1 Mater iala. When selecting parts, consideration shall be given to
corrosion resistance Df materials and the proper protection of dissimilar
metal combinations.

3.2 Fabrication of r iuid ass embl iea. MIL-HDBK-660 shall be used aa a guide
in the fabrication of rigid assemblies.

Supersedes
REQUIREMENT 53
1 August 1976

53-1

REQUIREMENT 53
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TABLE 53.1. Waveb?uides and related devices.

Item Description Applicable Document

Adapters Coaxial to Waveguide MIL-STD-1636

Attenuators, Fixed Waveguide and Coaxial MIL-STD-1352
and Variable

Couplers, Directional Waveguide, Coaxial, MIL-STD-1328
and Printed Circuit

—

Coupling Assemblies Subminiature Quick
Disconnect

— —- — . . .._. _.._ ——. —

Waveguide, Rigid
MIL-STD-1327

Flanges Waveguide, Ridge

Coaxial Line, Rigid

Dummy Loadg Waveguide, Coaxial, MIL-STD- 1637
Stripline

—. —-... . . . .—.-—. ,.. .—. .—,.

Gaskets Waveguide MIL-G-24211

Igolators
Coaxial and Stripline MIL-STD-211 3

Circulators
——— —.—

Waveguide MIL-S-55041
Switches ——.. —- —.

Coaxial MIL-STD- 1329

Waveguide Assemblies Rigid MIL-STD-1638

Flexible

Rectangular

Waveguides Ridge MIL-STD-1358

Circular
—- ——. _

Power Divider, Printed Circuit,
and Combiner Microstrip, Coaxial, MIL-STD-1639

and Stripline
—

Mixer Stagea Coaxial and Printed MIL-STD-1640
Circuit

I REQUIREMENT 53
1 September 1982

53-2
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REQUIREMENT 54

MAINTAINABILITY

1. PurDOse. This requirement of flers direction as to maintainability
requirements which must be considered when preparing contractual documents.
IT DOES NOT ESTABLISH REQUIREMENTS, AND MUST NOT BE REFERENCED IN CONTRACTUAL
DOCUNENTS. Maintainability y program tasks, quantitative requirements, and
verification or’demonstration requirements must be directly specified in tbe
contract or the systemlequipment specification, as appropriate.

2. -ents aDDlicable to Requirement 54:

MIL-STD- 470 Maintainability Program Requirements for Systems and
Equipments

MIL-STD-471 Maintainability Verification/Demonstrat ion/Evaluation
MIL-STD-721 Definitions of Terms for Reliability and Maintainability
MIL-HDBK-472 Maintainability Prediction

3. Maintainabilitv Drozram. Maintainability engineering and accounting
tasks aimed at preventing, detecting, and correcting maintainability design
deficiencies and providing maintainability related information essential to
acquisition, operation, and support management gbould be included in contract
requirements with the objective of establishing and maintaining an efficient
maintainability program document for the area. Other maintainability documents
which may be invoked through MIL-STD-470 or which may be cited directly as
a basis for contract requirements include MIL-STD-471 , MIL-STD-721 , and
MIL-HDBK-472 .

4. LLua.Wative requirements. Quantitative maintainability requirements and
verification or demonstration requirements should be established as appropriate
to program phase.

Supersedes
REQUIREMENT 54
15 March 1978
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REQUIREMENT 55

ENCLOSURES

1. Purvose. This requirement establishes criteria for the design and
construction of enclosures.

● 2. Documents aDDliceble to Requirement 55:

MIL-C-172 Cases, Bases, Mounting, and Mounts, Vibration (For Use
With Electronic Equipment in Aircraft)

MIL-M-81288 Mounting Bases, Flexible Plastic Foam
MIL-STD-108 Definitions of and Basic Requirements for Enclosures for

Electric and Electronic Equipment
EIA RS-31O-C-77 Racks, Panels, and Associated Equipment

3. Enclosure. The enclosures considered herein are housings such as
consoles, cabinets, and cases, which are designed to provide protection and
support to mechanisms, parts, and assemblies.

4. Design. Enclosures shall be designed to provide protection for the
contained equipment against environmental conditions as specified in the
detail equipment specification.

4.1 Enclosures and mounting ba ses for airborne eaui Dment. Materials,
bonding, shielding and performance requirements of MIL-C-172 shall apply to
all cases. Mounting bases shall conform to MIL-C-172 or MIL-M-81288, as
applicable.

~.2 ~osures for aerosDace ground suD!Jort eaui Dment. The detailed
equipment specification or contract for the particular equipment will specify
the type of case to be supplied by the contractor. Transit case? and com-
bination type caaes may not be required for ship, depot, or field shops
wherever the area of use is protected or controlled for human occupancy.

4.3 Degree of_enclosure. Unless otherwise specified in the detail equipment
specification, enclosures shall be designed in accordance with MIL-STD-108,
table 1 for the degree of enclosure best suited to the application. Where
moisture buildup in sealed equipment cannot be tolerated, the use of
desiccants or dehydrating agents should be considered. Moisture absorbent
materials such as open-celled foam shall not be used to fill moisture pockets.

● 4.4 Materials. Selection of materials shall be based on the environmental
severity to which the equipment will be exposed. The materials shall be
corrosion and deterioration resistant or coated to resist corrosion and
deterioration. Materials for the enclosures shall be the lightest practical
consistent with the strength required for sturdiness, serviceability and
safety.

Supersedes
REQUIREMENT 55
1 May 1975

55-1

REQUIREMENT 55
30 April 1984

Downloaded from http://www.everyspec.com



MIL-STD-454J

4.5 Racks and Da-. Where applicable in the design of enclosures and
supports, the internal clearance and the equipment mounting holes of racks and
panels shall be in accordance with EIA RS-31O-C.

5. Test requirements. Unless otherwise specified, the enclosure shall be
tested as specified in MIL-STD- 108.

REQUIREMENT 55
30 April 1984

Supersedes
REQUIREMENT 55
1 May 1975

55-2
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REQUIREMENT 56

ROTARY SERVO DEVICES

1. PurDose. This requirement establishes criteria for the selection and

application of rotary servo devices such as servomotora, synchros, resolvers,
tachometer generators, encoders, and transolvers.

2. Docum ents aDDlicable to Rea uirement 56:

MIL-S-22432
MIL-S-22820
MIL-T-22821
MIL-R-50781
MIL-E-815 12

MIL-S-81963

MIL-T-83727
MIL-E-85082
MIL-STD-71O
MIL-STD- 1451
MIL-BDBK-21 4
MIL-HDBK-218
MIL-HDBK-225
MIL-HDBK-231

Servomotors, General Specification
Servomotor-Tachometer Generator AC, General Specification for
Tachometer Generator AC, General Specification for
Resolver, Electrical, Linear, General Specification for
Encoder, Shaft Position to Digital, Contact Type, Altitude
Reporting, General Specification for
Servo Components, Precision Instrument, Rotating, Common
Requirements and Tests, General Specification for
Transolvers, General Specification for
Encoders, Shaft Angle to Digital, General Specification for
Synchros, 60 and 400 Cycle
Resolvers, Electrical, Selection of
Synchros
Application of Electrical Resolvers
Synchros, Description and Operation
Encoder, Shaft Angle to Digital

3. Rotarv servo devices. Rotary servo devices shall conform to MIL-S-8 1963
as
applicable.

4. Servomotors. Servomotors shall conform to MIL-S-22432 or MIL-S-2282O when
the motor is coupled to a tachometer generator.

5. Svnchros. Synchros shall be selected and applied in accordance with
MIL-STD-71 0. MIL-HDBK-225 may be used as a guide for application.

6. Svnchro reference data. For technical reference data on standard synchro
types for new design and nn synchros required for maintenance of existing
equipment, refer to MIL-HDBK-214.

7. Regolvers. Resolvers shall be selected and applied in accordance with
MIL-STD- 1451. MIL-HDBK-218 may be used as a guide for application.

7.1 Mear resol vers. Linear resolvers shall conform to MIL-R-50781 .

Supersedes
REQUIREMENT 56
26 February 1977

56-1

REQUIREMENT 56
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8. ~eter uener ators. Tachometer “generators shall conform to MIL-T-22821

or to MIL-T-22820 when the tachometer generator is coupled to a servomotor.

9. Transolv ers. Transolvera shall conform to MIL-T-83727.

10. Encoders. Encoders shall conform to MIL-E-85082 for general application.
For altitude reporting applications, encoders shall conform to MIL-E-81512.
MIL-HDBK-231 may be used as a guide for application.

REQUIREMENT 56
30 June 1979

56-2

Supersedes
REQUIREMENT 56
26 February 1977

Downloaded from http://www.everyspec.com



MIL-STD-454J

REQUIREMENT 57

RELAYS

1. pUrDOse. This requirement establishes criteria for the selection and
application of relays.

2. Documents avDl icab le to Requirement 57:

MIL-R-28750 Relay, Solid State, General Specification for
MIL-STD-1346 Relayg, Selection and Application

3. Salection and aml i cation. Relays shall be selected and applied in
accordance with MIL-STD-1 346 and the following:

3.1 Solid state relava. Solid state relays shall be selected from
MIL-STD-1346 or shall conform to MIL-R-28750.

3.2 Load transfer relavs. Relays which are not designed specifically for

load transfer applications shall not be uged for this purpose.

3.3 Raed relavs. The selection and application of reed relays in airborne

applications require procuring activity approval.

Superaedea
REQUIREMENT 57
1 September 1978

57-1

REQUIREMENT 57
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REQUIREMENT 58

SNITCHES

1. PuPD09e . This requirement establiahea criteria for the selection and

application Of Switches and aaaociated hardware (including boots and panel
seals) . This requirement ia not applicable to RF coaxial awitchea.

● 2. Document e aDDliCable to Requirement ~:

MIL-S-12285 Switch, Thermostatic
MIL-S-15743 Switches, Rotary, Enclosed
MIL-S-18396 Switches, Meter and Control, Naval Shipboard
MIL-S-83731 Switch, Toggle, Unsealed and Sealed Toggle, General

Specification for
MIL-STD-1132 Switches and Associated Hardware, Selection and Uae of

● 3. Selection and aDDlication. Switches and associated hardware shall
be selected and applied in accordance with MIL-STD-113Z. Switches required
other than those listed in MIL-STD-1 13Z shall conform to one of the following
specifications: MIL-S-12285 , MIL-S-15743, MIL-s-18396, MIL-S-83731 .

3.1 Detant ac tion. Switches shall have a detent action to indicate
activation, except for those with momentary positions or with an increase-
decrease function, or those which are nonmanually operated.

3.2 Slide switchee. Slide switches shall not be used without prior approval
of the procuring activity.

Supersedea
REQUIREMENT 58
15 August 1981
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REQUIREMENT 59

BRAZING

1. EumQse. This requirement establishes criteria for brazing.

2. Document 3DDlicable to Requirement 59:

MIL-B-T883 Brazing of Steels, Copper, Copper Alloys, Nickel Alloys,
Aluminum and Aluminum Alloys

a w Brazing of steel, copper, copper alloya, nickel alloys,
~~um%u~~ a;d aluminum alloys shall be in accordance with MIL-B-7883.

4. ImDroved methods and materials. Improved (state-of-the art ) methods and
materials may be used provided they equal or exceed the requirements of
MIL-B-7883, and provided approval is obtained from the procuring activity.

5. Brazina electrical connection>. Electrical connections of stranded wire,
insulated wire, or having construction which may entrap fluxes shall not be
brazed unleaa approval is obtained from the procuring activity.

REQUIREMENT 59
10 June 1968

59-1
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REQUIREMENT 60

SOCKETS AND ACCESSORIES

1. PuPDOse . This requirement establishes criteria for the selection and

application of sockets and accessories for plug-in parts.

2. Docuaents aoDl icable to Requirement 6Q:

MIL-S- 12883 Socket and Accessories for Plug-In Electronic Components,
General Specification for

MIL-S-24251 Shield, Retainer (Bases) , and Adapters, Electron Tube, Heat
Dissipating, General Specification for

MIL-M-38527 Mounting Pads and Insulator Disks, Electrical-Electronic
Component, General Specification for

t41L-S-83734 Sockets, Plug-in Electronic Component, General
Specification for

3. Sockets. Sockets for plug-in electronic parts shall be of the gingle unit
type and shall conform to MIL-S-12883 or MIL-S-83734. The use of integrated
circuit sockets requires approval of the procuring activity.

4.1 Heat diaaivati~. Where heat dissipating tube shields are required, they
shall conform to MIL-S-24251 . Shield bases, used with heat dissipating shields,
shall be mounted on clean and smooth metallic mating surfaces to minimize the
contact resistance (thermal and electrical ) between the baae and the supporting
chaaais.

4.2 MaKnetiC shieldinK. Magnetically sensitive. devices shall be shielded

to minimize the effects of strong magnetic fields. Such devices shall be
adequately shielded to assure that their performance shall not be degraded
beyond equipment specification limits by a magnetic field external to the
equipment, representative of the specified operating environmental conditions.

5. GlamDiZ. Plug-in parts shall be securely retained in their sockets in their
proper position under specified service conditions of shock and vibration. A
positive holding device, capable of being easily released to allow replacement
of the plug-in part, shall be provided where necessary to meet the foregoing
environmental requirement.

6. Mount inu Dad S and insulator disks. Where mounting pads and insulator disks
are required for use with small electrical or electronic devices, they shall
conform to MIL-M-38527.

Supersedes

REQUIREMENT 60
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REQUIREMENT 61

ELECTROMAGNETIC INTERFERENCE CONTROL

1. PurDose. This’ requirement establishes criteria for electromagnetic

interference control.

2. Documents aDDliCable to Requirement 61:

MIL-STD-461 Electromagnetic Emission and Susceptibility Requirements
for the Control of Electromagnetic Interference

MIL-STD-462 Electromagnetic Interference Characteristics, Measurement
of

M.IL-sTD-469 Radar Engineering Design Requirements, Electromagnetic
MIL-HDBK-253 Guidance for the Design and Teat of Systems Protected

Againat the Effects of Electromagnetic Energy
National Telecommunications and Information Administration Manual of

Regulations and Procedures for Radio Frequent y Management

3. Reauiremer@. Electromagnetic interference requirements shall be as
specified in MIL-STD-461 .

3.1 Radar eoui Dment. Radar systems and equipment shall also conform to the
provisions of MIL-STD-469 and section 5.3 of the National Telecommunications
and Information Administration Manual of Regulations and Procedures for Radio
Frequency Management ( NTIA Manual ) as specified in the contract. In the event
of conflict, the following descending order of precedence shall prevail: NTIA
Manual, MIL-sTD-469, MIL-STD-461 .

3.2 u. Tests and test methods shall be as specified in MIL-STD-462. For
radar equipments and systems, MIL-STD-469 shall apply.

3.3 Design N idance. MIL-HDBK-253 provides guidance for the design and teSt

of electronic systems which are to be immune to the detrimental effects of
electromagnetic energy.

Supersedes
REQUIREMENT 61

15 March 1980
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REQUIREMENT 62

HUMANENGINEERING

1. ~. This requirement offers direction 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 must be directly specified in the contract or the systeml
equipment specification, as appropriate.

2. Documents aDDl i~ble to Requirement 62:

MIL-H-46855 Human Engineering Requirements for Military Systems,
Equipment and Facilities

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

3. Human enz ineering r-eme nts. 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
ayatem. The objective of a human engineering effort is to develop or improve
the crew/equipment/software interface and to achieve required effectiveness of
human performance during system operation, maintenance and control and to make
economical demands upon personnel resources, skills, training, and costs.

,MIL-H-46855 is the overall requirements document for the area. It must be
tailored when applied; application guidance ia offered in the document.
MIL-STD-1472 provides design criteria which may be selectively applied as
requirements or guidance.

Supersedea
REQUIREMENT 62
1 September 1978
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REQUIREMENT 63

SPECIAL TOOLS

1. PurvosR. This requirement established criteria for the selection and

application of special tools.

2. Demdt4ku. Special tools ( including jigs, fixtures, stands, and
templates ) are those not listed in the Federal Supply Catalog.

3. Use and authoriz~~i~. The design of equipment shall be such that the
need for apeoial tools for tuning, ad juatment, maintenance, replacement, and
installation shall be kept to a minimum. Only when the required function
cannot be provided by an existing standard tool shall special tools be
considered. Necessary tools shall be identified as early as possible. The
use of any special tool shall be subject to the approval of the procuring
activity.

4. Furn ishinK 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 tools.

5.
-~

Tool life. Special tools shall be capable of performing the required
functions throughout the life of the equipment they support.

Supersedes
REQUIREMENT 63
1 March 1973
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REQUIREMENT 64

MICROELECTRONIC DEVICES

1. P!drQQE. This requirement establishes criteria for the selection and
aPPliCatlOn of microelectronic devices. This requirement is applicable to
monolithic, hybrid, microwave (hybrid/integrated circuits ) , and multichip
microcircuits, and microcircuit ❑odules.

2. Documents aDDl icable to Requirement 64:

MIL-M-38510 Microcircuits, General Specification for
MIL-STD-785 Reliability Program for Systems and Equipment Development and

Production
MIL-sTD-883 Test Methods and Procedures for Microelectronics
MIL-STD-1562 Lists of Standard Microcircuits
MIL-HDBK-217 Reliability Prediction of Electronic Equipment

3. General. Use of microelectronic technology shall be considered in the
design of all systems/equipment and maximum use shall be made of standard
microelectronic dsvices.

● 4. Selection. Microelectronic devices shall conform to MIL-M-3851 O,

product asaurance level class B, as a minimum. Class S is the highest product
assurance level of MIL-M-38510 and is intended for space applications or other
applications requiring the product assurance provisions of class S. Unle9s
otherwise specified, the order or preference shall be aa follows:

a. MIL-M-3851O JAN microcircuits listed in MIL-STD-1562, Section I.

b. Other MIL-M-38510 JAN ❑icrocircuits, subject to procuring activity
approval. -.

c. Other microcircuits listed in MIL-STD-1 562, Section II, as preferred for
new design, subject to procuring activity approval.

d. DESC Selected Item Drawing microcircuits, subject to procuring activity
approval.

e. Other microcircuits ( see 4.1 ) , subject to procuring activity approval.
The request for approval shall justify why a device from a, b, or c above is
not acceptable. Sufficient detail must be presented (i.e. , parameters or
timing of the requested part vs the standard part) to justify the use of the
nonstandard part.

Supersedes
REQUIREMENT 64
30 August 1983
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4.1 Other microci~udk For other microcircuits, the fOllOwinE information
shall be included in the nonstandard part approval request:

a. Device nomenclature, marking, configuration, functional requirements,

parameters and limits sufficient “to irisure the required form,
interchangeability

b. Required environmental, endurance ( life) and other design

functions and

capability tests

c. Quality assurance requirements, including screening and lot quality
conformance (acceptance ) testa. As a minimum, devices shall be procured to
all Class B requirements of MIL-M-38510 for monolithic integrated circuit
types. Hybrid and microwave microcircuits shall be procured to the
requirements of MIL-M-385 10, Appendix G. The applicable MIL-M-3851O detail
specification, DESC Drawing, or vendorlcontractor document shall be specified
for electrical performance, mechanical, and final electrical test require-
ments. Current and valid generic data may be substituted only for Groups C
and D of Method 5005 of MIL-STD-883.

4.2 Programmable read onlv memeries [ PROM1. PROM devices, regardless of
type, require approval of the procuring activity.

5. EufiLL~k-c~ . When fusible link devices (PROMS, PALs, FPLAs, etc)
are programmed by the user, parametric and functional electrical tests in
accordance with MIL-STD-883, Method 5005, Group A, Subgroups 1, 2, and 3,
along with 7 and 8 at required access speeds, shall be performed after
programming. This testing shall be done on a 100% basis.

6. Critical items. Custom microcircuits, hybrid or monolithic, are
considered critical items and shall be treated in accordance with Task 208 of
MIL-STD-785 when required by the contract.

7. Packages. Microcircuit devices used in equipment shall be hermetically
sealed in glass, metal or ceramic (or combinations of these) packages. No
organic or polymeric materials such as lacquers, varnishes, coatings, adhe-
sives, or greases shall be used inside the microcircuit package, unless
otherwise specified. No desiccants shall be contained in the microcircuit
package, unless otherwise specified. No plastic (organic or polymeric)
encapsulated or sealed devices ehall be used without the approval of the
procuring activity.

8. Reliability Dredi C~ When required, microcircuit reliability
predictions shall be prepared in accordance with MIL-HDBK-2 17.

REQUIREMENT 64
30 April 1984
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9. Electroetat ic sensit iwLQa!2@. Certain types of integrated circuits
are susceptible to electrostatic discharge damage. Appropriate discharge
procedures shall be observed when handling, storing or testing these parts
and design selections of desired devices should include a consideration of the
effectiveness of the input or other protective elemente included in the device
design.

10. ~ i~cuit obsoleacenc~. Due to rapid technology advances, many
military and commercial microcircuits listed in specifications and catalogs
are either obsolete or are nearing obaoleecence. The use of these devices
will affect the mission objectives of the using equipment. For Navy equipment
current information on microcircuit that may be nearing obsolescence may be
obtained from the Naval Avionics Center, Cede 445, Indianapolis, Indiana

‘ 46218, telephone (317) 353-7450.

Supersedes
REQUIREMENT 64

30 August 1983
64-3
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REQUIREMENT 65

CABLE , COAXIAL ( RF)

1. PurDOse. This requirement establishes criteria for the selection and

application of coaxial radio frequency (rf) cable.

2. Docum enLs EiDDlicable to Reauirem enk-fdi:

MIL-C- 17 Cable, Radio Frequency, Flexible and Semirigid, General
Specification for

MIL-L-3890 Lines, Radio Frequency Transmission ( Coaxial, Air Dielectric)
MIL-C-22931 Cable, Radio Frequency, Semirigid, Coaxial, Semi-Air

Dielectric, General Specification for
MIL-C-23806 Cable, Radio Frequency, Coaxial, Semirigid, Foam Dielectric,

General Specification for
MIL-HDBK-216 RF Transmission Lines and Fittings

3. General requirements

3.1 General aDDl icatioms. Cable shall be selected from the types and classes
speoified by the documents listed herein wherever applicable. Other types of
cable may be used provided they are selected from specifications acceptable for
the specific application and approved by the procuring activity.

3.2 SDeChl aDDl ica~l~~. For use above 400 MHz and in critical rf circuits,
in addition to the critical electrical characteristics such as attenuation,
capacitance, and structural return loss, elements such as environmental require-
ments, short leads, and “grounding shall be considered in design applications.

3.3 ADD1ication KUidance. MIL-HDBK-216 may be used as a technical information
guide to applications of transmission lines and fittings.

4. Detail reauirement~

4.7’ Selection. Selection of coaxial cable shall be in accordance with
MIL-C-17, MIL-L-3890, MIL-C-22931 or MIL-C-23806 unless otherwise sPecified in
the detail equipment specification.

4.2 Polvvinvl chloride insulation. Cables with polyvinyl chloride insulation
shall not be used in aerospace applications.

Supersedes
REQUIREMENT 65
15 August 1981
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REQUIREMENT 56

CABLE, MULTICONDUCTOR

1. Puroose. This requirement establishes criteria for selection and

application of electrical multiccnductor cable fcr use within electronic
equipment.

2. Dccuments aDDl icable tc Reou irement 66:

QQ-U-343
QQ-W-423
MIL-C-17

MIL-C-442
MIL-C-915

MIL-C-3432

MIL-W-5086

MIL-k&5845
MIL-W-5846
MIL-W-5908
MIL-C-7078
MIL-C-13777
MIL-W- 16878
MIL-C-19547
MIL-C-21609
MIL-W-22759
MIL-C-23437
MIL-C-27072
MIL-C-27500
MIL-C-55021

MIL-w-81044

MIL-W-8 1381
ASTM B33-74

Wire, Electrical (Uninsulated)
Mire, Steel, Ccrrcaion-Resist ing
Cables, Radic Frequency, Flexible and Semi-rigid, General
Specification fcr
Cable (Wire) , Twc Conductcr, Parallel
Cable and Ccrd, Electrical, fcr Shipboard Use, General
Specification for
Cable and Wire, Electrical ( Pcwer and Control; Semi-flexible,
Flexible, and Extra Flexible, 300 and 600 Vclts)
Wire, Electric, Pclyvinyl Chloride Insulated, Ccpper cr Ccpper
Alloy
Wire, Electrical, Ircn and Ccnstantan, Thermoocuple
Wire, Electrical, Chromel and/or Alumel, Thermcccuple
Wire, Electrical, Copper and Ccnstantan, Thermocouple
Cable, Electric, Aercspace Vehicle, General Specification fcr
Cable, Special Purpose, Electrical: General Specification fcr
Wire, Electrical, Insulated, High Temperature
Cable, Electrical, Specisl Purpose, Shore Use
Cable, Electrical, Shielded, 600 J’clt (for NOnflexing Service)
Wire, Electric, Fluorcpclymer-Insulated, Copper cr Copper Alley
Cable, Electrical, Shielded Pairs
Cable, Special Purpcse, Electrical, Multiconductcr
Cable, Electrical, Shielded and Unshielded, Aerospace
Cable, Twisted Pairs and Triplee, Internal Hcckup, General
Specification fcr
Wire, Electric, Crosslinked Polyalkene, Crosslinked Alkane-imide
Pclymer, cr Polyarylene Insulated, Copper cr Ccpper Alley
Wire, Electric, Pclyimide-Insulated, Copper cr Copper Alley
Tinned Soft or Annealed Ccpper Wire fcr Electrical Purpcses

3. General requirements

3. Selection. Multiccnductor cable shall be selected from the types and
classes specified by the documents listed herein wherever applicable. Other
types cf cable may be used prcvided they are selected from specifications
acceptable fcr the specific application and approved by the prccuring activity.

Supersedes
REQUIREMENT 66
1 September 1982
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3.2 Characteristics

3.2.1 &lid or stra~ei. Either solid or stranded conductors may be used
(within the restrictions of the particular wire or cable specification) except
that (a) only stranded wire shall be used in aerospace applications, and
(b) for other applications stranded wire shall be used when so indicated by the
equipment application. Specifically, with the exception of flat multiconductor
flexible cable, stranded wire shall be used for wires and cables which are
normally flexed in use and servicing of the equipment, such as cablea attached
to the movable half of detachable connectors.

3.2.2 UZA. Conductors shall be of such cross section, temper, and f legi-
bility as to provide ample and safe current-carrying capacity and strength. In
general, wire shall not be smaller than size 22. Smaller wire may be used when
benefits can be obtained with no loss in performance. Specifically, smaller
wire may be used in cables having larger numbers of wires and adequate support
against vibration. Smaller size wire may be used when necessary for welding of
electronic interconnections.

4. Detail reauirement~

4.1 ~ection and aDDliQ&w. Selection and application of multiconductor
cable shall be in accordance with table 66-I unless otherwise specified in
detail equipment specification.

4.2 AWD1ication r~a

Q.2. 1 klIL-w-16878 shall not be ueed for Air Force aerospace equipment.

4.2.2 Cables with polyvinyl chloride insulation shall not be used in aerospace
applications.

4.2.3 MIL-W-22759 wire with only single polytetraf luoroethylene insulation ueed
in Air Force space and missile applications shall require the approval of the
procuring activity.

REQUIREMENT 66
10 January 1983
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REQUIREMENT 67

MARKING

1. Purvose: This requirement establishes criteria for external and internal
markings on equipment. Marking for safety, shipping, and handling is not within
the scope of this requirement .

2. Document s aDDlicable to Reauirement~:

L-S-300

MIL-P-15024
MIL-S-81963

MIL-STD- 12

MIL-STD- 130
MIL-STD- 155
MIL-STD- 195
MIL-STD-196
MIL-STD-280

MIL-STD-41 1
MIL-STD-783

MIL-STD-1285
IEEE 200-1975

Sheeting and Tape, Reflecting, Nonexposed Lens, Adhesive
Backing —

Plate, Tags and Bands for Identification of Equipment
Servo-Components, Precision Instrument, Rotating, Common
Requirements and Tegtg, General Specification for
Abbreviations for Use on Drawings, Specifications,
Standards, and In Technical Documents
Identification” Marking of US Military Property
Joint Photographic Type Designation System
Marking of Connections for Electrical Assemblies
Joint Electronics Type Designation System
Definitions of Item Levels; Item Exchangeability, Models,
and Related Terms
Aircrew Station Signals
Legends for Use in Aircrew Stationa and on Airborne
Equipment
Marking of Electrical. and Electronic Parts
Reference Designatioris for Electrical and Electronics Parts
and Equipment s’

3. Gen eral reouireme nts for marking

3.1 General. Permanency and legibility, size, durability, location, and
lettering of marking shall be in accordance with tbe applicable specification or
standard specified herein, or as specified by the procuring activity.

3.2 Eatent i nformation. 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 requirements, such as marking, f31C10SUP3
integrity, control and indicator locations, etc.

c. Patent information shall not be located on or in equipment having a security

classification of confidential or higher, with the exception that patented items
used in security classified equipment, when marked, shall be marked in such a
manner that patent information will be visible only when the item is removed or
disassembled for repair or replacement.

Supersedes
REQUIREMENT 67 REQUIREMENT 67
15 March 1980 15 Au@st 1981
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4. Items and Darts re~i ~ or identification

k. 1 TVDe designated items. Each item which is type designated in accordance
with MIL-STD-196 or MIL-STD- 155 shall contain an identification marking in
accordance with MIL-STD-130. These items are systems (electrical-electronic ),
sets, groups, and some units and assemblies, as defined in MIL-STO-280.

4. 1.1 Identification fits. Identification plates shall be in accordance with
MIL-P- 15024. Items which are impractical to mark with an identification plate
shall have the markings applied directly to the item.

,,;

4. 1.2 Information Dlates. Information platea, provided to indicate wiring
and schematic diagrams, calibration chart a, operating instructions, and similar
information, shall be in accordance with MIL-P-15024.

.,

4.2 Fuse ho lders. The current rating of fuses shall be permanently marked
adjacent to the fuse holder. ln addition , wSpAREll shall be marked adjacent tO

each spare fuse holder.

4.3 Terminal boards. stricm and blocks . All terminals, terminal boarda, stripa
and blocks shall be marked in a clear and permanent manner so as to identify
individual terminala.

4.4 Connections. Marking adjacent to plugs, jacks and other electrical
connectors shall identify the connected circuits to preclude cross connections.
The connections to electrical parts such aa motors, generators and transformer
shall be marked in accordance with MIL-STD-195.

4.5 Servo~s onnect ion ~s . Servo component marking and
connection identification shall conform to MIL-S-81963.

4.6 Controls and indicating devices. Markinga shall be provided on the front
of each exterior and interior panel and panel door, alao on control mounting
surfaces of each chaasis, aubpanel, etc, to clearly (though necessarily briefly)
designate the functions and operationa of all controlg, fuses, and indicating
devices mounted thereon, protruding through, or available through acceas holes
therein. All markings shall be located on the panel or chassis in correct
relationship to the respective designated items.

4.7 Sockets. The chassia shall be marked to identify both sockets and part a,
modules, or assemblies to be plugged into the sockets. The gide of the chaasis
upon which items are plugged into sockets shall be marked, adjacent to each
socket, with the reference designation for the item. The reverse side of the
chaasis shall be marked, adjacent to each socket , with the reference designation
used in the circuit diagram and table of parts to identify the socket itself.
If space does not pernit marking of reference designations for socketg and
parts, modules, or assemblies mounted in sockets, a location diagram shall be
placed where it is visible when viewing the chassia, and shall display the
markinga described herein.

REQUIREMENT 67
15 August 1981
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All cables, cords and wires which require
for servicing and maintenance shall be uniquely

4.9 Printed wiring board~. Markings on printed wiring boards shall not
interfere with electrical operation. When ink is used, it shall be non-
conductive. Markings shall be considered when leakage ( creepage ) distancea are
determined.

4.10 Reel aceable Darta and ass emb~. Replaceable parts and assemblies shall
be marked for identification in accordance with MIL-STD- 1285 or MIL-STD-1 30,
as applicable. L

..-1
4.11 Cable assemblies. Cable assemblies which have a type designation
shall be marked with the information required for identification plates used
on assemblies. See 4.1.

4.12 Modules. Replaceable modules shall be marked with the following data
( listed in order of decreasing precedence as space permits) : identifying
number, terminal identification , ratings, and wiring diagram, as applicable.

5. Svmb Olouy

5.1 Reference designations. Except for external connectors and cables,
reference designations shall be employed to identify the location of each item
for its particular circuit application. The identification and marking of
reference designators for parts and equipment shall be in accordance with IEEE
200. On subminiaturized assemblies, such as printed or etched boards or other
forms of assembly where space is at a premium, the reference designations need
not be marked. In lieu thereof, reference designation marking shall be shown
by means of pictorial diagrams, line drawings, photograph, or other media to
provide for circuit identification (by means of reference designations) in the
appropriate handbooks for the equipment. It shall not be mandatory to mark the
reference designations of parts in nonrepairable subassemblies. Connectors may
be further identified on that side 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 designations WI , W2, etc, in
accordance with IEEE 200. The numerical portions of the reference designationa
shall be consecutive,. where practicable.

5.2 Abbreviations and le~enda. Abbreviations and legends shall conform to
MIL-STD-12, MIL-STD-411 , or MIL-STD-783, as applicable.

Supersedea
REQUIREMENT 67
15 March 1980
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6. Narkinx methods

6.1 ILrect markin&. Markings applied directly to a part or an assembly shall

be affixed only by die or rubber stamping, etching, engraving, molding, casting,
forging, decalcomania transfer, stenciling, or silk ecreening. Nonepoxy ink
markings shall be protected by a clear transparent epoxy coating.

6.2 Plates. Information and identification platas shall be marked in
accordance with the methods specified in MIL-P- 15D24.

~ .:

6.2.1 Identification [ID) Dlates. When no method of mounting is specified, I
the ID plate shall be fastened in such a manner as to remain firmly affixed ~
throughout the normal life expectancy of the item to which it is attached. ,
Hermetically sealed items, magnesium cases, or other items where mounting of a
plate by mechanical fasteners is impractical, shall have type G, adhesive-backed
metal, ID plates.

6.2.2 ID Dlates location. ID plates shall be located in a conspicuous place on
the equipment so that they may be eaeily eeen and read. Whenever practicable,
plates shall be situated so that other parts or portions of the equipment will
not obscure their view when in the final aasembled position.

6.3 Marking c ables, cords and wi r es. The following methods may be used to &ark
cables, cords and wires:

a. Molded on the cable or cord

b. Stamped on the cable, cord or wire

c. Non-metallic bands such as sleeves, heat
securely attached or captivated so that they

d. Adhesiva tag or tape that will withstand
requirements

shrinkable sleevea or plastic bande
cannot slip off

the applicable environmental

6.3.1 Reflective markers. Where cable ❑arkers are required for night or
blackout conditions, pre-printed reflective tape markera may be used. The
reflective polyeeter tape shall be in accordance with L-S-300 and non-epoxy
ink markings shall be overcoated with clear, compatible epoxy.

REQUIREMENT 67
15 August 1981
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REQUIREMENT 68

READOUTS AND DISPLAYS

1. PuroO*. This requirement establishes criteria for the selection of
readouts and displays.

2. Documents ao~able to Requirement 68:

MIL-R-28803 Readouts, Segmented, General Specification for
MIL-D-87157 Displays, Diode, Light Emitting, Solid State, General

Specification for
~,:

3. Definition. Readouta and displays are devices which are designed primarily
to convert electrical information into alphanumeric or symbolic presentations.
These devices may contain integrated circuitry to function as decoders or
drivers.

4. Incandescent tvoe read Outsi. Incandescent type readouts shall conform to
MIL-R-28803.

5. Light emittinz diode diSDlaVS. Visible light emitting diode displays shall
conform to MIL-D-87 157, quality level A or B.

5.1 Qualitv level A. Quality level’ A covers hermetically sealed displays and
requires a 100$ screening test. Quality level A displays are intended for high
reliability systems such as space flight and mission critical applications.

5.2 Qual itv level B. Quality level B covers hermetically sealsd displays
and requires the qualification and quality assurance provisions necessary for
general electronic equipment applications.

Supersedes
REQUIREMENT 68
15 August 1981

68-1

REQUIREMENT 68
10 January 1983

I

Downloaded from http://www.everyspec.com



MIL-STD-454J

REQUIREMENT 69

INTERNAL WIRING PRACTICES

1. PurDOse. This requirement establishes criteria for internal wiring
practices.

2. Docu ments aRPl icable to Requirement 69_:

MIL-T-152

MIL-V- 173

MIL-I-631

MIL-T-71 3
MIL-I-3158

MIL-I-3190

MIL-T-7928
MIL-I- 18057

MIL-I-22076

MIL-I-23053

m-s-23 190

MIL-T-43435
MIL-C-55543
MIL-STD-108

MIL-STD-1130

Treatment, Moisture and Fungus Resistant, of Communications,
Electronic and Associated Electrical Equipment
Varnish, Moisture Resistant (For Treatment of
Communications, Electronic, and Associated Equipment)
Insulation, Electrical, Synthetic - Resin Composition,
Non-Rigid
Twine: Impregnated, Lacing and Tying
Insulation Tape, Electrical Glass-Fiber ( Resin Filled); and
Cord, Fibrous-Glass
Insulation Sleeving, Electrical, Flexible, Coated, General
Specification for
Terminals, Lug and Splice, Crimp Style, Copper
Insulation Sleeving, Electrical, Flexible Glass Fiber,
Silicone Rubber Treated
Insulation Tubing, Electrical, Non-Rigid, Vinyl, Very Low
Temperature Grade
Insulation Sleeving, Electrical, Heat Shrinkable, General
Specification for
Strap, Clamps, and Mounting Hardware, Plastic, For Cable
Harness Tying and Support
Tape, Lacing and Tying
Cable, Electrical, Flat Multi conductor, Flexible, Unshielded
Definition of and Basic Requirements ‘for Enclosure for
Electric and Electronic Equipment
Connections, Electrical, Solderless, Wrapped

3. Clearance and lea kaae (c reepage) distances. Clearance between solder
connections or bare conductors, such as on terminal strips, stand offs or
similar connections, shall be such that no accidental contact can occur between
adjacent connections when subjected to service conditions specified in the
equipment specification. For electrical clearance and leakage distances, see
table 69-I.

4. Imoedance matching. Where rf cables are employed, equipment shall be
designed to attain proper impedance matching with the cable and fittings.

5. Wirinr protection. The wiring shall be secured and protected against
chafing due to vibration or movement ( such as slide out racks or drawers) . For
securing of wiring, polyamide clamps or wrapping and tying devices with integral
mounting facilities are preferred .i Metal clamps, if used, shall be insulated.
Individual conductors thus secured shall lie essentially parallel; however, this
does not prohibit the use of twisted pairs.

Supersedes
REQUIREMENT 69
10 September 1979
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TABLE 69-I. Electrical clea e and aze ( eDas?e )rant leak cre distances.

Voltage Clearance Leakage Distances (inches)
ac (rms) Condi t ion ( Inches) Enclosure I Enclosure II
0 r dc
To 150 A 1/16 1/16 1/16

B 1/8 1/8 1/4
c 1/4 3/8 3/4-.. —

150-300 A 1/16 1/16 1/16
B 1/8 1/8 1/4
c 1/4 1/2 3/4_.— —

300-600 A 1/16 1/8 1/8
B 7/8 1/4 1/4
c 1/4 1/2 3/4

600-1000 A 1/8 3/8 1/2
B 1/4 3/4 1
c 1/2 1-1/2 2

Condition A. For use where the effect of a short circuit is limited to the
unit, and where normal operating power does not exceed 50 watts.

Qpnd ition B. For use where short circuit protection in the form of fUSeS,
circuit breakers, etc, is provided, and where normal operating power does not
exceed 2000 watts.

Condition C. For use where short circuit protection in the form of fuses,
circuit breakers, etc, is provided, and where normal operating power exceeds
2000 watts.

Enclosure 1. Enclosure I is an equipment enclosure which has no openings, or
which the openinga are so constructed thatodrops gf liquid or solid particles
striking the enclosure at anv angle from O to 15 frnm the downward vertical

in

cannot enter the enclosure e~the~ directly or by striking and running along a
horizontal or inwardly inclined surface. (“Drip-proof enclosure for other than
motors, generator, and similar machinea” of MIL-STD-108 meets this
description. )

~. Enclosure II ia any equipment enclosure which afforda less
protection than enclosure 1.

REQUIREMENT 69
10 September 1981
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5.1 Insulation cold flow. Where insulated wire that may be susceptible to cold

flow is used, care shall be exercised so that there will be no cold flow of the
insulation.

5.2 Cable ducts. Where cable ducts are employed, provisions shall be made for
the removal of any wire that may become faulty. For example, covers may be
employed at intervals to aid in the removal of a faulty wire.

5.3 Bend radfi. The bend radius of polyethylene cable shall not be less than
five times the cable diameter to avoid establish:jng a permanent set in the
cable.

5.4 Sleeving. Flexible plastic sleeving, either nonflammable , self,
extinguishing, or flame retardant, shall be used. on cables subject to
such as panel door cables. The sleeving shall be secured under cable
each end, and the cable shall be formed and secured so that the cable

flexing,
clamps at
will not

be subject to abrasion in its normal flexing motion. In cases where abrasion
cannot be avoided, additional protection shall be provided.

5.5 Panel door cables. Wiring to parts on a hinged door shall be in a single
cable, arranged to flex without being damaged when the door is opened and
closed. However, if physical separation between wires is essential for
electrical reasons, or if the number of wires involved is so great as to make
single cable impracticable , more than one flexible hinging cable may be
employed.

a

5.6 Through hole protection. Whenever wires are run through holes in metal
partitions, shields, and the like , less than 1/8 inch in thickness, the holes
shall be equipped with suitable mechanical protection (grommet) of insulation.
Panels 1/8 inch or more .in thickness either shall have grommets or shall have
the hole edges rounded to a minimum radius of 1/16 inch. Grommets for wires
operating at rf potentials exceeding 500 volts rms, shall be of ceramic or
plastic material of suitable dielectric strength, except for coaxial cables
which have outside protection, where rubber or ,neoprene is acceptable.
Insulating grommets are not required for wires or groups of wires passing
through shields or other metallic partitions where clearance can be maintained:
sufficient to preclude the possibility of accidental contact or damage by
abrasion.

6. Electrical-. Only electrical tape made of fungus-inert ❑aterials may be
used.

7. J&iJJg

7.1 Wirinz arrangement. All wiring shall be arranged in a neat and workmanlike
manner. The use of preformed cabl’es and wiring harness is preferred to the
point -to-point method of wiring. Wires shall be bundled and routed to minimize
electrical coupling. Where practicable, sensitive circuits in a wire bundle or
cable shall not be placed adjacent to a disturbing circuit. Materials used for
lacing, binding, sleeving, and strapping shall be compatible with the conductor
or cable insulation or jacket and shall meet the same flame retardant and self
extinguishing requirements. Wiring shall be arranged to permit bundling by one
or more of the following methods or permanently mounted in cable ducts.

Supersedes
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7.1.1 ~. Twine shall be in accordance with type P of MIL-T-7 13. Type SAR
shall not be used where it may be exposed to fungus attack. Tape shall conform
to MIL-T-43435 . Cordage shall be in accordance with type SR-4. 5 of MIL-I-31 58.

7.1.2 Binding. Tape for binding shall be as specified in MIL-T-43435.

7.1.3 Sleeviniz insulation. Sleeving insulation shall conform to MIL-I-631 ,
MIL-I-3190, MIL-I-18057, MIL-I-22076 or MIL-I-23053, as applicable.

7.1.4 Wrarm ni LaOQ4dQK. PlaStiC devices for wrapping and tying Df wireS may
be provided so that the material’” does not support combustion, nor yield toxic
gases when heated. When the wire bundle is formed and secured, the device shall
~ot loosen when sub jetted to vibration. Plastic cable straps shall conform to
MIL-S-23190.

7.1.5 ~De selecti~. Minimum tape size shall be in accordance with table

69-II. Tape dimensions shown are nominal and are subject to the tolerances of
MIL-T-43435 .

TABLE 69-II. Minimum WJe size.

Harness diameter (inches) Tape size (width in inches)

up to 1/2 .050
1/2 to 1 .085
lt02 .110
2 and larger .200

7.2 =. Wires and cable shall be as short as practicable, excePt that
sufficient slack shall be provided to:

a. Prevent undue stress on cable forms, wires and connections, including
connections to resiliently support parts.

b. Enable parts to be removed and replaced during servicing without
disconnecting other parts.

c. Facilitate field repair of broken or cut wires.

d. Permit units in drawers and slide out racks to be pulled out to the limit of
the slide or support travel without breaking connections. Units which are
difficult to connect when mounted, shall be capable of movement to a more
convenient position for connecting and disconnecting cables. When drawera or
racka are fully extended and rotated, if rotatable, the cable bend radius shall
not be less than three times the cable assembly diameter. When flat molded
cable assemblies are used, the bend radius shall not be leag than ten times the
cable asaembly thickness.

e. Permit replacement of at least two of the particular parts to which the wire
or cable is connected. The only exceptions to this provision are cases where rf
leads must be as short as possible for electrical reasons and when fixed path
rotating is specified or the amount of slack is limited by space available as
occurs in automatic machine wired panels.

Supersedes
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f. Ensure freedom of motion of lugs or terminals normally intended to have some

degree of movement ( for example, floating contacts on electron tube sockets) .

7.3 Wirinc in terminal boxes. Wiring and cables in terminal boxes shall be
fanned out to identify terminals for check purposes if test points for required
maintenance information are not provided.

7.4 Entrance cabl na andi wir~. Leads from cable entrances to terminal
boards, plugs, jacks, and similar devices shall be harnessed, suitably clamped
nr supported in a cable duct. Flat cable in accordance with MIL-C-55543 maY be
used where suitable. -,.<

7.5 Yirina [ internal) . Stranded wire is prefe~red ; however, solid wire may be
used in the equipment, provided such wire is so insulated or held in place that
it does not fail or show excessive motion likely to result in failure when the
equipment is subjected to vibration and shock encountered under the specified
service conditions. An uninterrupted wire is preferable to a junction. The
following descending order of preference exists when junctions are used, and the
choice of the listed junctions shall be determined by consideration of
reliability factors, maintenance factors, and manufacturing procedures:

a.

b.

c.

7.6

Permanent splices

Bolted connections

Connectors.

Connections. Wiring to connections within the equipment shall be suitably
supported in such manner as to prevent breakage and eliminate changes in
characteristics or output as a result of vibration and acceleration or shock
encountered under the specified service conditions.

7.7 Connectors, wired in. Plugs and receptacles furnished as integral wired in
parts of articles of equipment shall be processed by providing a means to
lengthen leakage distances, to spread the area of flexure of connector wires,
and to move the flexure away from the terminals.

7.8 SUDDort. Wire and cable shall be properly supported and secured to prevent
undue stress on the conductors and terminals and undue change in position of the
wire or cable during and after subjection of the equipment to specified service
conditions, or after service or repair of the equipment in a normal manner.
When shielding on wire or cable is unprotected by an outer insulation, adequate
support is necessary to prevent the shielding from coming in contact with
exposed terminals or conductors. Twine or tape shall not be used for securing
wire and cable.

7.9 Cable and F@rnesa desixn. Cables and separable harnesses shall be of the
two-connector type whenever possible. Also, when possible, the two connectors
shall be of the same number of contacts and all contacts shall 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 shall be used consistent with non croaa mating requirements and
circuit and spare considerations.

Supersedes
REQUIREMENT 69 REQUIREMENT 69
10 September 1979 10 September 1981
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8. Wire terminations

8.1 SolderinR co nnections. Studs ( soldering posts to which parts are
permanently affixed) , soldering lugs (projections which solder to ends of wires
to facilitate attachment to solderlesa connections) , and soldering terminals
(items which are attached to the chassie, or insulating boards, strips, or posts
to serve as a solder junction for two or more wires or leads) come under this
heading. All soldering studs, lugs, and terminals shall be notched or otherwise
provided with means for mechanically securing the wire or lead prior to the
application of solder. All solder type studs shall be mounted in such manner as
to preclude their loosening or r%tation due to soldering operations or from
strains due to attached wires O< leads.

8..2 Manical strength. Soft solder alone shall not be depended upon for
mechanical strength.

8.3 Solderless crimD connections. The ends of each wire terminated by
solderlees crimp type lugs shall meet the following requirements:

a. Insulated, S.olderlesa contacts are preferred and shall conform to
MIL-T-7928 .

b. Where thermal or other considerations prevent tbe use of insulated lugs,
noninsulated solderless lugs conforming to MIL-T-7928 shall be used, provided
they are covered with an insulating sleeve.

8. ~ Solderless wraDD ed wire connectlm. Solderless wrapped wire connections
shall be in accordance with MIL-STD-1 130. Procuring activity approval is
required for Navy airborne and Army missile applications.

8.5 ~Connections. Whenever bolts, screws, nuts, studs, or rivets are used in
an rf circuit, all connections thereto shall be securely soldered, except that
soldered connections are not considered practicable at studs of molded phenolic
capacitor, meter terminals, and other places where damage from overheating may
result.

8.6 ~aDIDed connections. In no case shall electrical connections depend upon
WireS, lugs, terminals, and the like, clamped between a metallic member and an
insulating material of other than a ceramic or vitric nature . Such connections
shall be clamped between metal members, preferably, such as an assembly of two
nuts, two washers and a machine screw.

REQUIREMENT 69
10 September 1981
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9. Connectors, insulation sleevinq. Unpotted connectors furnished as integral
wired in parts of articles of equipment shall have a piece of insulating tubing
placed over each wire in the connector. The tubing shall be long enough to
cover the contact and at least 1/2 inch of insulation of the wire attached to
it; but in no case shall the length of the tubing exceed 2 inches. The minimum
length of 1/2 inch may be reduced to 3/16 inch where restricted volume does not
permit longer tubing (such as in miniaturized electronic subaaaemblies) . The
tubing shall fit tightly over the contact or be tied securely enough so that it
will not slide off. If bare wire is used, the tubing shall be long enough to
extend at least 1/4 inch beyond the contact , metal shell or clamp, whichever
projects the fartheat. This does not apply to connectors with body insulated
crimp-on contact a, nor to wire wrapped connectors in accordance with MIL-STD-
1130.

10. Cables. waveguides, and cable assemblies. Except when otherwise specified
in the detail equipment specification, all interconnecting cables carrying rf
signals shall make use of coaxial cable or waveguidea and shall preferably be
terminated in the characteristic impedance of the transmitting media. Con-
ductors intended to carry pulse or other waveforms and which may undesirably
couple such signals into other conductors shall not be bound into a cable.

11. Fungus Protection. Prior to attachment of terminals to prepared lengths of
cables which contain materials that will support fungus, the ends shall be
protected against entrance of moisture and fungus by-treatment
varnish conforming to MIL-V-173 in accordance with MIL-T-152.

with a fungicidal

Supersedes
REQUIREMENT 69
10 September 1979

REQUIREMENT 69
10 September 1981
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REQUIREMENT 70

ELECTRICAL FILTERS

1. Purvose. This requirement establishes criteria for the selection and

application of electrical filters.

2. Document aDDlicable to Requirement 7Q:

MIL-STD- 1395 Filters and Networks, Selection and Use of

3. Electrical filters. Electrical filters shall be selected and applied in
accordance with MIL-STD-1 395.

4. Filter Din connect or~. Electrical connectors incorporating filter pins
shall be considered for use only when conventional electrical filters are not
acceptable.

Supersedes
REQUIREMENT 70
1 March 1973
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REQUIREMENT 71

CABLE AND WIRE , INTERCONNECTION

1. PurDOse . This requirement establishes criteria for the selection and

application of electric cable and wire used for interconnection between units.

2. ~quments aDDlica ble to Reauiremeqk~:

QQ-W-343
QQ-W-423
MIL-C- 17

MIL-W-76
MIL-C-442
MIL-C-91 5

MIL-C-3432

MIL-w-5086

MIL-w-5845
MIL-W-5846
MIL-W-5908
MIL-W-7072

MIL-C-7078
MIL-W-8777
MIL-C-13777
MIL-w-16878
MIL-W-191 50
MIL-C-19547
MIL-C-21609
MIL-W-22759

MIL-C-23437
MIL-W-25038

MIL-C-27072
MIL-C-27500
MIL-C-55021

MIL-w-81044

MIL-w-81381
MS2519 1
MS25471

FlS27110

ASTM B33-74

Wire, Electrical (Uninsulated)
Wire, Steel, Corrosion-Resisting
CablegA Radio Frequency, Flexible and Semi-rigid, General
Specification for
Wire and Cable, Hookup, Electrical, Insulated
Cable, Two Conductor, Parallel
Cable and Cord, Electrical, For Shipboard Use, General
Specification for
Cable and Wire,, Electrical (Power and Control; Flexible and
Extra Flexible, 300 and 600 Volta)
Wire, Electric, Polyvinyl Chloride Insulated, Copper or Copper
Alloy
Wire, Electrical, Iron and Constantan, Thermocouple
Wire, Electrical, Chromel and Alumel, Thermocouple
Wire, Electrical, Copper and Conatantan, Thermocouple
Wire, Electric, 600 Volt, Aluminum, Aircraft, General
Specification for
Cable, Electric, Aerospace Vehicle, General Specification for
Wire, Electrical, Silicone-Insulated, Copper, 600 Volt, 200°C
Cable, Special Purpose, Electrical: General Specification fOP
Wire, Electrical, Insulated, High Temperature
Wire, Insulated, Hard Drawn Copper
Cable, Electrical, Special Purpose, Shore Use
Cable, Electrical, Shielded, 600 Volt ( for Nonf lexing Service )
Wire, Electric, Fluoropolymer-Insulated, Copper or Copper
Alloy
Cable, Electrical, Shielded Pairsi
Wire, Electrical, High Temperature and Fire Reaiatant,
Aircraft
Cable, Special Purpose, Electrical, Multiconductor
Cable, Electrical, Shielded and Unshielded, Aerospace
Cables, Twisted Pairs and Triples, Internal Hookup, General
Specification for
Wire, Electric, Croaslinked Polyalkene, Crosglinked
Alkane-imide Polymer, or Polyarylene Insulated, Copper or
Copper A11oY
Wire, Electric, Polyimide-Insulated, Copper or Copper A11oY
Wire, Electric, 600 Volt, Aluminum, Aircraft
Wire, Electrical, Silicone Insulated, Copper, 600 Volt, 200°C,
Polyester Jacket
Wire, Electrical, Silicone Insulated, Copper, 600 Volt, 200°C,
FEP Jacket
Tinned Soft or Annealed Copper Wire for Electrical Purposes

SuDet%3edeS
REQUIREMENT 71
1 September 1982

REQUIREMENT 71
10 January 1983
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3. Gen eral reau irementa

3.1 Electric al connections. Electrical connections shall .be arranged and wired
so that no leads are terminated in pins or other exposed contacts which might be
accidentally shorted or touched.

3.2 Pulsed o r rf signals. All interconnecting cables carrying pulsed or rf
signals shall make use of coaxial cable or waveguides and shall be terminated,
when passible, in the characteristic impedance of the transmitting media, except
when this requirement conflicts with the detail specification.

3.3 Yower and CO trol cn ables. All open-wire power and control cables shall be
terminated in the lowest impedance practicable for the particular application.

3.4 Shielded cables. Tbe shield of shielde(i cables shall be connected to a
ground lead at least at one point in the circuit.

3.5 Aluminu m wire. Aluminum wire shall not be used unless specifically

aPProved by the procuring activity.

4. Detail requirements

4.1 Wire selection. Selection of wire for interconnection between units
shall be in accordance with table 71 -I unless otherwise specified in the detail
equipment specification.

4.2 Coax ali cabl e sel ecti~. Selection of flexible or semi-rigid coaxial cable
for interconnection between units shall be in accordance with the applicable
coaxial cable requirements.

4.3 Multi conduc tor ca ble selection. Selection of multiconductor cable for
interconnection between units shall be in accordance with table ‘1l-II unless
otherwise specified in the detail equipment specification.

4.4 ADDliCatiOn restriction~

4.4.1 MIL-W-76 shall be used for Army application only.

4.4.2 MIL-W- 16878 shall not be used for Air Force aerospace equipment.

4.4.3 Cable or wire with polyvinyl chloride insulation shall not be used in
aerospace applications.

4.4.4 MIL-W-22759 wire with only single pol ytetraf luoroethylene insulation used
in Air Force space and missile applications shall require the approval of the
procuring activity.

REQUIREMENT 71
10 January 1983
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5. Definitions

5.1 Interconnecting wire> Insulated, single-conductor wire used to carry
electric current between units. Hook-up wire may be used for this purpose
providing adequate jacketing is applied to the wire bundle to render it
serviceable in the specified environment.

5.2 Interconnecting cable. Two or more insulated conductors contained in
a common covering or one or more insulated conductors with a gross metallic
ehield outer conductor used to carry electrical ,.current between units.

‘-l

Supersedes
REQUIREMENT 71
1 September 1982
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10 January 1983
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REQUIREMENT 72

MIL-STD-454J

SUBSTITUTABILITY

1. Puroose. This requirement establishes criteria for the selection and

aPPl>oation of substitute parts.

2. Docum ent FIDD1icable to Requirement 72:

MIL-STD-480 Configuration Control - Engineering Changea, Deviations
and Waivers

3. Substitution criteri*. Except as noted in paragraph 4, substitute parts
shall comply with the following:

3.1 Substitution of parts covered by military specifications and standards
that include substitutability or supersession information is acceptable. This
type substitution does, not require submission of engineering change proposals,
deviations, or waivers’ in accordance with MIL-STD-480.

3.2 When the equipment design specifies a commercial part, a military
specification part may be substituted when the form, fit, function and
characteristics of the military part are equal to or better than those of
the specified commercial part under equivalent environmental conditions.
This type substitution is subject to applicable configuration control
procedures of MIL-STD-480.

4. Initial qualification/rel iabilitv de~. Substitute parts with
quality/reliability characteristics superior to those specified in the parts
list shall not be used in equipment tc be subjected to qualification or
demonstration tests.

72-1
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REQUIREMENT 73

STANDARD ELECTRONIC MODULES

1. EumQ.QE. This requirement establishes criteria for the selection and

application of standard electronic modules ( SSM) .

2. Documents ar)Dlicable to Reaxirement 73:

MIL-M-28787 Modules, Standard Electronic, General Specification for
MIL-STD-1378 Requirements for Employing Standard Electronic Modules
MIL-STD- 1389 Design Requirements for Standard Electronic Modules

3. Atdicat ion. Requirements for the design and employment of standard
electronic modules shall be in accordance with MIL-STD-1 389 and MIL-STD- 1378,
respectively. Standard electronic modules shall be in accordance with
MIL-M-28787 .

73-1
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REQUIREMENT 74

GROUNDING, BONDING, AND SHIELDING

1. pU1’Dose. This requirement establishes grounding, bonding, and shielding
interface criteria for installation of electronic equipment.

2. Docum ent S aDDliCab le to Requirement 74:

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

MIL-sTD-188-124 Grounding, Bonding, and Shielding
MIL-STD-131 O Shipboard Bonding, Grounding, and Other Techniques for

Electromagnetic Compatibility and Safety Shielding
MIL-STD-1542 Electromagnetic Compatibility y ( EMC) and Grounding

Requirements for Space System Facilities
MIL-STD-1857 Grounding, Bonding, and Shielding Design Practices

3. LlenmL. Grounding, bonding, and shielding provisions shall be
incorporated into equipment design, as necemary, to enable installation of
equipment into the applicable platform or facility. The grounding, bonding,
and shielding installation and interface requirements are specified in the
following documents:

Aerospace ground support facilities MIL-B-5087

Aircraft and space vehicles MIL-B-5087
Ground telecommunications C-E equipment MIL-STD- 188-124
Shipboard equipment MIL-STD-1310
Ground space systems facilities t41L-STD-1542
Other Army ground equipment MIL-sTD-1857

REQUIREMENT 74
15 March 1980
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INDEX OF DOCUMENTSAPPLICABLE TO MIL-STD-454J

Applic.
Qocum ent No. -. Document NQ.

SPECIFICATIONS QQ-S-763

Federal

F-F-300
L-P-5 16
L-S-300
O-E-760
O-T-236
V-T-276
v-T-285
V-T-29 1
V-T-295
W-B-134
M-B-137
w-c-375
W-L- 111
W-L-116
CC-M- 1807
FF-B-171
FF-B-185
FF-B-187
FF-B-195
FF-B-575
FF-N-836
FF-R-556
FF-S-85
FF-S-86
FF-S-92
FF-S-107
FF-S-200
FF-S-21O
FF-w-84
FF-w-92
FF-W-1OO
QQ-B-750
QQ-C-530
QQ-C-533
QQ-C-585
QQ-C-586
QQ-P-416
QQ-S-571
QQ-S-700

52
11, 26
67

5

42
44
44
44
27
27

37
50
50
46

6
6
6
6

12
12
12
12
12
12
12
12
12
12
12
12
41
41
41
41
41
12, 15

5
15

Supersedes
INDEX 1
30 August 1983
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QQ-S-766
QQ-W-321
QQ-W-343
QQ-W-423
QQ-W-470
QQ-Z-325
TT-I-735
TT-S-1732
VV-L-800
VV-P-236
ZZ-R-765
CCC-C-428
MMM-A-121
MMM-A-130
m-A-131
miki-A-132
MMM-A-134
MMM-A-138
MMM-A-181
MMM-A-189
MMM-A-1617

MilitarK

MIL-I-1O
MIL-M-14
MIL-C-17
MIL-B- 18
MIL-D-24
MIL-T-27
MIL-S-61
MIL-W-76
MIL-P-79
MIL-T-152
MIL-C-172
MIL-V-173
MIL-C-442
MIL-W-530
MIL-C-572
MIL-I-631
MIL-J-641
MIL-P-642
MIL-T-71 3

APPlic.

LLE@!3.

15
15, 41
41
20, 66, 71
15, 41, 66, 71
15, 41
15
5

:;
43
26
44
23
23
23
23
23
23
23
23
23

11, 26
11, 26
65, 66, 71
27
46
14
40
20, 71
11, 26
69
55
69
66, 71
44
44
11, 69
10

;;

INDEX 1
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Document No.

MIL-S-867
MIL-C-91 5
MIL-P-997
MIL-.S-1222
MIL-I- 1361
MIL-L-2105
MIL-G-311 1
NIL-G-3124
MIL-L-3150
MIL-I-3158
MIL-I-3190
MIL-C-3432
MIL-T-3530
MIL-s-3644
MIL-L-3661
MIL-I-3825
MIL-L-3890
MIL-L-3918
MIL-A-3920
MIL-K-3926
MIL-B-3990
MIL-S-4043
MIL-w-4088
MIL-M-4803
MIL-M-4818
MIL-M-4819
MIL-M-4820
MIL-S-5002
MIL-W-5086
MIL-B-5087
MIL-H-5440
MIL-A-5540
MIL-F-5591
MIL-R-5674
MIL-B-5687
MIL-W-5845
MIL-W-5846
MIL-W-5908
MIL-C-6021
MIL-L-6085
MIL-L-6086
MIL-L-6363
MIL-B-6812
MIL-W-6858
MIL-W-7072

INDEX 1
30 APril 7984

APPlic .
-..

1% 71
11, 26
12
40

43
46
46
43
11, 69
11, 69
66, 71
44
42

50

:;
43
23
28

6

;:
46
46
46
46
15
20, 66, 71

1, 74
49
23
12
12

6
20, 66, 71
20, 66, 71
20, 66, 71
21
43
43
50
12
13
71

11-2

Document No.

MIL-C-7078
MIL-I-7444
MIL-S-7742
MIL-M-7793
MIL-L-7806
MIL-B-7838
MIL-B-7883
MIL-R-7885
MIL-T-7928
MIL-S-7947
MIL-L-7961
MIL-M-7969
MIL-T-8506
MIL-S-8516
MIL-A-8576
MIL-w-8604
MIL-T-8606
MIL-M-8609
MIL-W-861 1
MIL-W-8777
MIL-R-8814
MIL-B-8831
MIL-s-8879
MIL-H-8891
MIL-W-8939
MIL-B-8942
MIL-B-8943
MIL-B-8948
MIL-C-9074
MIL-M-9397
MIL-B- 10154
MIL-C- 10544
MIL-T-10727
MIL-R-10761
MIL-B- 11188
MIL-S-12285
MIL-C-12520
MIL-S- 12883
MIL-T-12520
MIL-S-12883
MIL-T- 13020
MIL-S- 13282
MIL-B-13506
MIL-S-13572
MIL-C- 13777
MIL-M-13786
MIL-M- 13787
MIL-P-13949

APPlic .

LQ_Ee!a.

66, 71
11
12

51
50
12
59
12
19, 69
41
50
46
15
47
23
13
15
46

;?
12
12
12
49
24

6
6
6

44
46
27
10
12
46
27
58
10
60
11
60

:;
6

41
66, 71
46
46
17

Supersedes
INDEX 1
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MIL-F- 14256
MIL-P-15024
MIL-P-15037
MIL-P-15047
DOD-B-15072
MIL-L-15098
MIL-I-15126
MIL-C- 15305
MIL-T-15659
MIL-L-15719
MIL-S-15743
MIL-M-16034
MIL-M- 16125
MIL-F-16552
MIL-W-16878
MIL-I-16923
MIL-M-17059
MIL-M-17060
MIL-I-17205
MIL-L-17331
MIL-B-17380
MIL-M- 17413
MIL-M-17556
MIL-L-17672
MIL-I-18057
MIL-I-18177
MIL-F-18240
MIL-W- 18326
MIL-S-18396
MIL-G-18709
MIL-I-18746
MIL-M-19097
MIL-W-19150
MIL-M- 19160
MIL-P-19161
MIL-I-19166
MIL-M-19167
MIL-M-19283
MIL-C-19311
MIL-S-19500
MIL-C-19547
MIL-M-19633
MIL-T-21038

ApPlic .

~.

6;
11, 26
11
27
50
11
14
19
43
58
51
51
52
20, 66, 71
47
46
46

:;
6

46
46
43
11, 69
11
12
13
58
43

::
20, 71
46
11, 26
11
46
46
41
30, 50
66, 71
46
14

Dkuau@dQ.

MIL-C-21609
MIL-A-2201O
MIL-I-22076
MIL-1-22129
MIL-S-22215
MIL-P-22324
MIL-T-22361
MIL-A-22397
MIL-S-22432
MIL-S-22473
MIL-W-22759
MIL-S-22820
MIL-T-22821
MIL-A-22895
MIL-C-22931
MIL-F-22978
MIL-I-23053
MIL-B-23071
MIL-C-23183
MIL-S-23190
MIL-I-23264
MIL-C-23437
MIL-S-23586
MIL-I-23594
MIL-T-23648
MIL-C-23806
MIL-G-23827
MIL-M-24041
MIL-I-24092
MIL-G-24139
MIL-A-24179
MIL-G-24211
MIL-R-24243
MIL-S-24251
MIL-M-24325
MIL-I-24391
MIL-N-25027
MIL-W-25038
MIL-K-25049
MIL-A-25463
MIL-H-25475
MIL-P-25518
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APPlic .

tCl_ReQ.

66, 71
23
11,69
11
41
Ii
12
23
56
12
20, 66, 71.
56
56

:;
12
11, 69
46, 52

6;
11
66, 71
47

;;
65
43
47
11
43
23
53
12
60
26
11
12
71
28

:;
26
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Document NQ.

MIL-C-27072
MIL-W-27265
MIL-R-27384
MIL-C-27500
MIL-P-27538
MIL-F-28717
MIL-D-28728
MIL-R-28750
MIL-M-28787
MIL-R-28803
MIL-P-28809
MIL-M-38510
MIL-M-38527

Applic.
~.

66, 71
44

% 71
17
52
28
57
73
68

5, 17
64
60

MIL-C-~9006/22 2
MIL-C-3901O 14
MIL-c-39018
MIL-T-43435
MIL-s-46049
MIL-A-46050
MIL-I-46058
MIL-A-46050
MIL-P-4611 2
MIL-w-461 32
MIL-A-46 146
MIL-S-46 163
MIL-P-46843
MIL-I-46852
MIL-H-46855
MIL-B-49030
MIL-B-49430
MIL-B-49436
MIL-R-50781
MIL-P-50884
MIL-A-52194
MIL-C-55021
MIL-S-55041
MIL-P-551 10
MIL-C-55116
MIL-B-55 118
MIL-B-551 30
MIL-T-55156

INDEX 1
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6;
41
23
17
23
26
13
23
12
17

;:
27
27
27
27

5, 17
23
66, 71
53
17
10
27
27
19

Document Na.

MIL-T-55 164
MIL-C-5518 1
MIL-B-55252
MIL-O-5531O
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Generators . . . . . . . . 46
Grounding . . . . . . 1, 6, 74
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Hardware, fastener . . . . 12
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Interchangeability . . . . 7
Interference
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Knobs, control . . . . . . 28
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Leakage distance . . . . . 69
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Lighta, indicator . . . . . 69
Lines, rf transmission 53, 65
Load’, dummy, rf . . . . . . 53
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Identification . . . . . 67
General . . . . . . ...67
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Warning . . . . . . ..l
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Fibrous organic . . . . . 44
Flammable . . . . . ...3
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Metal, alloys . . . . . . 15
Metal, dissimilar . . . . . 16+
Meters
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Safety . . . . . . . ..l
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Mildew treatment . . . . . 44
Modules
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Standard electronic . . . 73
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Mounting of parts . . . . . 55
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Internal . . . . . ...66
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Organic fibrous material . 44
Oscillators, crystal . . . 38
Overload protection,
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Pads, mounting . . . . . . 60
Panels, enclosure . . . . 55
Parts selection and
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Plastic material,
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Plugs, telephone . . . . . 10
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Printed wiring . . .: . . . 17
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Protection

Electrical overload . . . 8
High voltagelcurrent . . 1
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Relay s . . . . . . . . . . 57
Reliability . . . . . . . . 35
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Resistance welds . . .“ . . 24
Resistors . . . . . . . ..33
Resolvera . . . . . . . . 56
Rf connectors . . . . . ; . 10
Riveting . . . . . . . ..g
Rotary power converters . . 46
Rotary servo devices . . . 56
Safety (perscnnel hazard) ., 1
Screws . . . . . . . . . . 12
.%miconductor devices . . . 30
Servo devices . . . . . . . 56
Setscrews .:....... 12
Shafts, control . . 12, 28, 42
Shielding

Electrical . . . . 1, 9, 74
Magnetic . . . . . . ..6O

Shields . . . . . . . ...60
Shock, electrical,

effects of....... 1
Shunts (meter) . . . . . . 40
Signs, accident prevention 1
Sleeving . . . . . . . 11, 6g
Sockets . . . . . . . . ..6O
Solder: . . . . . . ...5
Soldering . . . . . . . . . 5
Special tools . . . . . . . 63
Splicing . . . . . . . ..g
Springs . . . . . . . . ..4l
Standard electronic modules 73
Standard items . . . . . . 7
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Stress relief . . . . . 5, 24
Structural welding . . 9, 13
Substitutability . . . . . 72
Switches

Battleshort . . . . . . . 1
Gsneral ( except rf) . . . 58
Interlock . . . . . . ..l
If . . . . . . . . . 1, 53
Safety . ..- . . . . ..l
Thermostatic . . . . . . 58
Waveguide . . . . . . . . 53

Symbology . . . . . . ...67
Swchros . . . . . . . . . 56
T~chometers . . . . . . . . 56
Tape

Electrical . . . . . 11, 69
Lacing . . . . . . ...69
Reflective . . . . . . . 67

Terminal boards, stripg . . 19
Terminal lugg . . . . . . . 19
Terminations . . . 1, 19, 69
Test equipment . . . . 32, 49
Test pcints . . . . . . 10, 32
Thermal design . . . . . . 52
Thermistors . . . . . . . . 33
Thermocouples . . . . . 10, 2
Thread . . . . . . . ...4 Y
Threaded fasteners . . . . 12
Threads . . . . . . . . ..12
Tools, special . . . ‘. . . 63
Toxic materials . . . . . . 1
Transformers . . . . . . . 14
Transmission lines, rf . . 53
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Tube clampa . . . . . . . . 60
‘hbe shields . . . . . . . 60
Tubes, electron . . . . . . 29
Tuning dial mechanisms . . 42
Type designatlong . . . . . 34
Varnish, insulating . . . . 11
Vehicles ground . . . . . . 25
Warning labels . . . . 1, 27
Washers . . . . . . . . . .12
Waveguides . . . . . . . . 53
Webbing . . . . . . . . . .44
Welding, structural . . 9, 13
Welds, resistance . . . . . 24
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