Downloaded from http://www.everyspec.com

METRIC

Approved for Public Release; DOD-E-8983C
Distribution Unlimited. 29 Dec 1977
SUPERSEDING
MIL-E-8983B
2 July 1973

MILITARY SPECIFICATION
ELECTRONIC EQUIPMENT, AEROSPACE, EXTENDED SPACE ENVIRONMENT,

GENERAL SPECIFICATION FOR

This specification is approved for use by all departments
and agencies of the Department of Defense

1.  SCOPE

1.1 Purpose. This specification sets forth the
general requirements for the design and manufacture of
electronic components and equipment for space vehicles. The
detailed performance and individual ‘test requirements shall
be as specified in the equipment specification or the
contract.

Beneficial comments (recommendations, additions, deletions),
and any pertinent data which may be of use in improving this
document should be addressed to:

SAMSO/AW
P.0. Box 92960, Worldway Postal Center,
Los Angeles, CA 90009

Use the self-addressed Standardization Document Improvement
Proposal (DD Form 1426) appearing at the end of this
document or comment by letter.
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1.2 Application. The requirements covered by this

specification are applicable to electronic components and
equipment to be used on space vehicles (see 6.1). This

specification may also be used as a reference document to
specify general requirements for electronic components to be
used on launch vehicles, intercontinental Fallistic
missiles, or other vehicles. For those applications the

term '"space vehicle" is to be interpreted as the aprlicable
vehicle.
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2.1 Issues__of_ documents. The following documents of
the issue in effect on date of invitation for bids or
request for proposal, form a part of the specification to
the extent specified herein.

Federal Specifications

QQ-M-56 Magnesium Alloy, Sand Castings
QQ-N-290 Nickel Plating (Electrodeposited)
QQ=C=320 Chromium Plating (Electrodeposited)

Military Specifications

MIL-M-3171 Magnesium Alloy, Processes for Pretreat-
ment and Prevention of Corrosion on

MIL-C-5541 Chemical Conversion Coatings on Aluminum
and Aluminum Alloys

MIL-1I-6866 Inspection, Penetrant Method of

MIL-

Ty

-7179 Finishes and Coatings; Protection of Aero-

space Weapon Systems, Structures and
Parts; General Specification for

MIL-N-7513 Nomenclature Assignment, Contractors
Method for Obtaining

MIL-S-77u42 Screw Threads, Standard, Cptimum Selected
Series: General Specification for
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MIL-A-8625

MIL-S-13282
MIL-S-13572

MIL-P-13949

MIL-F-14072

MIL-C-24308

MIL-M-38510

MIL-C-38999

MIL~-C-39012

MIL-M4-u45207

MIL-S-u45743

DOD-E-8983C

Anodic Coatings, for Aluminum and Aluminum

Al1l0OYyS

Screw Threads. Controlled Radius Root w1th
cations for

Silver and Silver Alloy

spring, Helical, Compression and Extension

Plastic Sheet, Laminated, Metal C clad (for
Printed Wiring), General Specification for

Finishes for Ground Electronic Equipment
Nomenclature and Identification for Elec-
tronic, Aeronautical and Aeronautical Sup+-
port Equipment Including Ground Support
Equipment

conductor Devices, General Specifi-
f

Connectors, Electric, Rectangular, Miniatu
Polarized Shell, Rack and Panel, General
specification for

Connectors, Electrical, Circular, Minia-
ture, High Density, Quick Disconnect,
Environment Resistant, Removable Crimp
contacts, General Specification for

Connectors, Coaxial, Radio Frequency,
General Specification for

Anodic Treatment of
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MIL-I-46058

P P

MIL-M-46006<¢

MIL-S-U46844

MIL-C-55544

MITL-W=-R10U4U

A2 as VY

MIL-W-81381

DOD-W~-83575

MIL-C-83723
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Insulating Compound, Electrical (for Coat-
ing Printed Circuit Assemblies)

P S Ve AN A D . - e -
Magnesium Alloy Castings, High Strength

Solder Bath Soldering of Printed Wiring
Assemblies

connectors, Electrical, Environment Re-
sistant, for Use with Flexible Flat Con-
ductor Cable and Round Wire, General
specification for

Wire, Electric, Crosslinked Polyalkene,
Crosslinked Alkane-imide Polymer, or Poly-
arylene Insulated, Copper or Copper Alloy

W1re, Electric Polimide Insulated, Copper

. 21N mea

and Copper Aiidy

Wiring Harness, Space Vehicle, Design and
Testing

Connectors, Electric, Circular, (Environ-
ment Resisting), Receptacles and Plugs,
General specification for

Connectors, Electrical, Miniature, Rectan-
gular Type, Rack to Panel, Environment Re-
sisting, 200 Degrees C Total Continuous
Operating Temperature, General Specifi-

cation for

Military Standards

MIL-STD-29

MIL-STD-198

MIL-STD-u454

MIL-STD-889

MIL-STD-1512

Springs, Mechanical; Drawing Requirements
for

Capacitors, Selection and Use of

standard General Requirements for Elec-
tronic Equipment

Dissimilar Metals

Flectroexplosive Subsystems, Electrically
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MIL-STD-1515

MIL-STD-1540

Fasteners used in
tion of Aerospace

Test Requirements

DOD-E-8983C

/]

o

Requirement

the Design and Construc-
Mechanical Systems

for Space Vehicles

1g and Cotter Pi
r

(Copies of specifications, standards, drawings, and publi-
cations required by contractors in connection with specific
procurement functions should be obtained from the contract-

~ 3~ 5 & o~ ms e A an o md w e e A

ing office or as directed by the contracting officer.)

2.2 che

r_p
a part of thi spec
ise
kid

ublications. The following documents form

cification to the extent spec1fled herein.
indicated, the issue in effect on date of
s or request for proposal shall apply.

Uniess otherw
invitation for

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS
IEEE-STD-200 Reference Designations for Electrical
(1975) and Electronics Parts and Equipment
(with ANSI Y32.16-1975)
(Application for copies should be addressed to the Institute
of Electrical and Electronics Engineers, Inc., 345 Fast 47th
Street, New York, New York 10017.)
3.  REQUIREMENTS

3.7 OQrder__of_ precedence. In the event of conflicts
between any of the documents referenced herein and the cor-
tents of this specification, the contents of this specifica-
tion shall be considered the superseding requirements.

3.2 Suprlementary _specifications_and_standards. Wher
this specification and the documents referenced herein fail
to provide a suitable specification or standard. other
appropriate specifications or standards may ke used. If the
documents referenced in this specificatior 30 not proviage
the contractually required reliability, gquali:y level, o~
technical performance, they should be interpreted as beinc

un
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referenced to 1limit the variety of the physical and
functional parameters to the extent practicable. 1In those
cases, the referenced specifications should be the basis of
contractor specifications that would add, delete, or change
specific requirements. When a detail or general military
specification exists for the class of material required, the
contractor's specification shall reference the existing
military specification and set forth only the needed new
requirements and deviations. If required by the contract,
the supplementary specifications that are prepared by the
contractor shall be submitted to the contracting officer for
review or approval prior to their use. When required by the
contracting officer, the contractor shall provide data sub-
stantiating the supplementary requirements and shall provide
samples for testing. The use of contractor's specifications
shall not constitute waiver of Government inspections
requirements.

3.3 General design_reguirement

3.3.1 Selection__of _parts, materials, and processes.
Jnless otherwise specified in the contract, the parts,
materials, and processes shall be selected and controlled in
accordance with contractor established and documented
procedures to satisfy the specified requirements. The
selection and control procedures shall emphasize quality and
reliability to meet the mission requirements and to minimize
total life cycle costs for the applicable vehicles. An
additional objective in the selection of parts, materials,
and processes shall be to maximize commonality and thereby
minimize the variety of parts, related tools, and test
equipment required in the fabrication, installation, and
maintenance of the vehicle. Whenever a selected
specification provides more than one characteristic or
tolerance for an item, the equipment manufacturer shall use
items of broadest characteristics in the equipment and of
the greatest allowable tolerances <that will fulfill the
performance requirement of the equipment. When acceptable
items of higher than minimum quality are readily available,
the utilization of which would not increase the 1life cycle
costs, they may be used. When maximum physical dimensions
of an item are indicated in the selected specification for
the item, all new equipment shall be designed to accommodate
the maximum physical size specified so that all parts having
the same type Jdesignation will be physically interchangeable
in the eqguipment.
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3.3.1.1 Egquipment performance. The requirements of
this specification with regard to parts, materials, and
processes shall not relieve the contractor of the
responsibility for complying with all equlpment performance

- A -ha [ - and fFAvreh *ha o o
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specification or the contract.

3.3.1.2 Parts_to_meet_reliability requirements. When
the contract or equipment specification includes a reliabil-
ity requirement that is based on a previous calculation and
demonstration of the equipment reliability, the parts used
shall be egual to or more reliable than those used in the
demonstration equipment.

3.3.1.3 De;ggigg. A documented derating policy shall
Fe uniformly applied in the selection and application of
parts and materials. This derating policy shall address
application and environmental factors such as voltage,
current, power, temperature, vibration, shock, acceleration,
radiation, and duty cycles. The part application shall
consider the maximum rating variation expected over the
stated mission 1life including derating due to extended
storage or other possible service conditions that may be
applicable. Parts and materials shall not be subjected to

any conditions exceeding the applicable derated values.
3.3.2 Materials

3.3.2.1 Ekestricted_materials. Mercury, compounds
containing mercury,., zinc parts, zinc plating, cadmiunm parts,
and cadmium plated parts shall not be used except a< may be
required for the internal functioning of batteries ¢r other
devices. Corrosive {acetic acid evolving) silicone
sealants, adhesives, and coatings shall not be used. wWood
shall not be used. Pure tin or tin electroplate <hall not
be used except when refused, reflowed, or alloyed with lead,
antimony, or bismuth.

3.3.2.2 DLissimilar metals. Protection of Jiszimilar

metal combinations shall be in accordance with MII -STD-889.
The worst case environment anticipated for the eguipmert,
1r(~'in~11na storage environment. shall be concidered.

B O e A X jog SR AN N AU E R =0 8 B 211 L 2

3.3.2.3 Castings. Castings snhalil ke in accordance

with MIL-STD-454, Requirement 21, except aluminum alloy

castings sk211 Lte 1in accordance with MII-A-271180 and
7
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magnesium alloy castings shall be in accordance with QQ-M-56
or MIL-M-46062. For high vibration damping applications,
magnesium castings shall be in accordance with MIL-M-45207.
For applications where minimum outgassing is permitted in
space vacuum or where hermeticity in space vacuum is
required, castings shall not be impregnated to seal
porosity.

3.3.2.4 Aluminum___alloy for bonding_ _or_ _grounding.
Where bonding or grounding is necessary, aluminum 1100,
alloys 3003, 5052, 6053, 6061, 6063, 7072, or equally
corrosion-resistant alloys, shall be used. They may be used

withnnt A+rhar cnrfacra +rocatmont
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3.3.2.5 Ferrous_alloys. Ferrous alloys shall be in
accordance with MIL-STD-u454, Requirement 15.

3.3.2.6 Magnesium _and_magnesium ailioys. Although
other materials are generally preferable, magnesium that 1is
finished in accordance with the requirements of this
specification may be used to achieve a weight reduction or
for the damping characteristics it provides. Care shall be
taken to avoid corrosion or electrolytic action.

3.3.2.7 _Fupgus-inert material. Where practicable,
fungus-inert materials that are in accordance with MIL-STD-
454, Requirement 4 shall be wused. 1In those cases where
_____ s they shall be selected based

upon substantiated data concerning their resistance to
fungus growth in the anticipated usage environment.

3.3.2.8 Insulators, insulating_ materials, and
dieiectric_materials. 1Insulators, insulating materials, and
dielectric materials shall be in accordance with MIL-STD-
454, Requirement 11. For space vehicles that will operate
at altitudes above 1000 kilaometers, insulating materials or
finishes having a resistivity greater than 10 megohm-meters
shall not be used except 1in applications where charge

buildup will not be excessive,

3.3.2.9 Arc-resistant _materials. Arc-resistant mater-
ials shall be in accordance with MIL-STD-454, Reguirement
26,

3.3.2.10 Flammable materials. Flammable materials

shall be in accordance with MIL-STD-454, Requirement 3.
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3.3.4.11 Explosive_fumes. Parts and materials shall
not liberate gases which produce an explosive atmosphere
under specified service conditions.

3.3.2.12 Organic_fibrous material. The selection and
application of organic fibrous material shall be in
accordance with MIL-STD-454, Requirement ud4.

3.3.3 Einishes. The finishes used shall be such that
completed components and hardware items not covered by
subsidiary specifications shall be resistant to corrosion.
The design goal should be that there would be no destructive
corrosion of the completed component when exposed tc
moderately corrosive environments such as industriai
environments or exposure to sea coast fog. Destructive
corrosion shall be construed as being any type of corrosion

which interferes with meeting the specified mechanicail,

thermal, or electrical performance of the eguipment or its
associated parts. Parts and components shall have finishes
providing suitakle thermal characteristics. Protective

methods and materials for cleaning, surface treatment, and
applications of finishes and protective coating shall be in
accordance with MIL-F-7179. Finishes of bleached chromates
shall not be used.

3.3.3.1 Finishes_ _for _fasteners _and assembly screws.

Exposed surfaces of external fasteners and assembly screws
which are manipulated, 1loosened, or removed in the normal
processes of servicing and installing the equipment, should
be preferapbly in a noncorrosive black or bright finish, so
as to provide strong contrast with the color of the surtace
upon which they are used. Other external fasteners and
assembly screws used.for securing the internal parts to th-
chassis shall pe similar in color to the surface upon which

they are used.

e S e e e e e e e T . - . S——

s
surface of parts fabricated from wrought aluminum 110
wrcught aluminum alloys 3003, 5052, 6053, 60617, €
7072; or cast aluminum alloys 356, A356, 357, and
after a suitable deoxidizing treatment do nct reguirve
arnodize or conversion coating. The surfaces of iarts
tabricated of other wrought or cast aluminum alloys which
contain more than one percent (nominal) COppe¢r ©r maoresiur
or Ftoth shall ke anodized in accordance wi*' i, MIT-a-8620 v
convarsion coated 1in accordance with MIL - -C-E5L !

3.3.3.2 Finishes_ _for _aluminum _alloy _surface
1
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bonding or grounding is not necessary and e&xposure to
repeated high tensgile stréss will not occur, hard anodic
finishes conforming to number ES14 of MIL-F-14072 may be

applied to 6btain extfemely wear-resistant surfaces under
Typé II (sheltered) exposure.

3.3.3.3 Finishes__for _magnesium_and magnesium_alloys.
Aaren.ac s iem At A masmnoad 111w a’l]nqre alha 1 ho FinicohaA i
flaylicToauin ari\u magirco Luar Kirirvyeo o1ia & &4 AT A AIILAODLIIC\A Al
accordance with MIL-M-3171 or MIL-M-45202. Magnesium and
its alloys shall be suksequently painted.

3.3.3.4 Plating __and__._ special_ _materials. Chromium
plating shall be in accordance with QQ=C+320. Nickel
L TP Ll - 1T 1 - 2 e e e PN ool A M AR . AAON a1 A
pldtlng Sfidld 1 De 111 dLLULUdﬂ(.!:' WALTI] W TNT LTV, UU1LU,
niskwal . ~Ahryramiiam »haAT13m F#in. leoad=+in allaves nr n1:¥innc
THIACVATA §j LHLUINA UMy Lil1UUL QN LRIl ACTTEAE LI QAxTyoy va AT Canlyo
of these materials are satisfactory without addlt; nal

protection or treatment, other than buffing or c€leaning. 1In
applications requiring gold, rhodium, or c¢hromium plated
finishes, these plating$ shall be applied over at least 1.3
micrometers (pm) of low stress nickel underplate, except for

i, B g N iy < e ol W L£lon s damd o) [ A P |

appizcacions 1in which the base metal is nickel.

3.3.3.5 Finishes for bonding_and_grounds. The surface
finish for electrical bonding shall be bare metal or a
qualified conductive finish such as Iridite 14 or Alodine
1000. Nonconductive coatings such as anodized aluminum

shall not be used. 1f abrasives or scrapers are used to
e armer Y da~tiehs Ffimiah dhAawry cehall ha & hA | -1 +had
LTNMUY C auy }J-LULCL,LJ. < LAL1ldOll, Lllc] Jtiad L < [GY § | —4 N4 LTI viia o
produces a clean smooth surface without rémoving excessive
mater1als under the finish. Abrasives that would cause
corrosion if embedded in the metal shall not be used.

3.3.4 Enclosures. Enclosures for all electronic
_________ P S ) Wy PG R L T TN —— e 3 __ & & _— 2 —_— a1 ) Ny,
EqUJ.pI“EI]C Sliaxtl £€ eljlecur lCdJ..Ly -onau ‘tlﬂg ana Snad i De
Aociana N minimiso Alortromanmnetinsn nrnharxobsan anA rnicrkian
u\_u.‘.ﬂll&u -\ Sl AMIANIA LT AT A AT \Jlllugll\— L W Y HLUEG\SU\'.LUII CAliA tl-l-\/l\utl
from external sources. The provisions fo6or inhstallation

shall be such that there will be a contifuous, low-impedance
path from the equipment enclosure to the basic structure of
the space vehicle to permit bonding of the eguipment. The
direct current resistance from enclosure to structure shall

PR T Ny - | [ =4 h] L\._.n | Y P DO R AL e dd cncadds Ay a4 Al
not exceed 2.5 milliohms., Mechanical discontinuities in the
pnh]nann such as covers, inspection nlates and {10ints.
enciosure such € y lNSpection piLates, anda Jjoeints,

shall be kept to a minimum, Covers shall be secured by
methods that prevent conductive metal particles generated
from screw threads or EMI gaskets becoming mobile within the
enclosure. A lcw-impedance current path shall be provided

10
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across the interface of each discontinuity so as not to
degrade the electromagnetic shielding effectiveness of the

enclosure. Positive, self-locking fasteners, sized
appropriately for the weight of the equipment, shall be
used. Sshock mounts or vibration isolators shall not be
used.

3.3.5 Fabrication related_requirements.

3.3.5.1 Structural_welding. Structural welding shall

be in accordance with MIL-STD-454, Requirement 13.

3.3.5.2 Brazing. Brazing shall be in accordance with

MIL-STD-454, kequirement 59.

3.3.5.3 Fasteners and__locking. Fastening systems
shall be in accordance with MIL-STD-1515. Positive locking
devices shall be used on all fasteners. Acceptable positive
locking devices are bent tab washers, cotter pins, safety
wire, self-locking threads, or self-locking provisions by
means of plastic material contained in the nut, bolt, or
screw. Self-locking nuts are rreferred to bolts or screws
that contain plastic material for use as a locking device.
Locking compounds shall not be used on threads to provide
locking. Where practicable, self-locking devices which
depend upon an interference fit between metallic threads
shall be avoided in applications where particulate
contamination may cause damage or degradation to the
equipment or vehicle. Safety wiring and cotter pins shall
be 1in accordance with MS-33540. Drawings shall clearly
depict the safety wiring method and configuration used.
Through bolts or screws with 1locknuts are preferred to
threaded inserts and should be used where practicable.
Threaded inserts shall be used in applications that require
tapped holes in aluminum, magnesium, plastic, or other
materials that are susceptikle to galling or threaa damage.
when self-locking features are used, the screw lengtih shall
be sufficient to fully engage the locking device. When
self-locking features are used, the minimum run-in torque
shall be specified or the maximum number of reuses that will
assure an adequate lock shall be specified. Sprirg type or
star type 1lock washers shall not be used. Adjustakle
fitrings or mounting plates which use oversized holes or
slotted holes to provide adjustment shall not be dependent
upon friction between the fitting or mounting plate and the
mounting surface to provide locking. Serrated surtaces or

11
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other positive indexing techniques: shalll be used to indes
and prevent motion of the contact;ng»snaﬂmnnn& Diamond type
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serrations saa-u not¥ be usoa. when e saaft of a balt 1

. Pt y  reoecadnld
used as a LW@\..&u\; element in @ rotating jpint, 2 castle nur

with cetter pin shall be used for retention aof the bolt.
The grip length- of the rotating boelt shall sasure that
sufficient end play is prowided to preclmde knding. When
the shaft of a bolt is used as a fiwed pivetal element in &
rotatlng 301nt, the bolt shiall eithexr be a shoualder belt ox

the bolt shall pass through a spacex. Tl grip leagth of
+the shoulder bolt or the lemawrh of he svnacser ahal 1 angure
bllc R o A A \Fh wiiss Eaad b oot I IR DL R AT AN S iy oy Ao X A
that sufficient end play is provided to preclude binding
when the self-locking nut is tightened. 8plit Qr rolled

spring-action pins shall not be used as glvuts for rotating
joints. Where split or rolled sprxngractron plns are used
in other appiications. a 9051t1ve means ot retalnlng the

pin, such as staking the edges of the hole, shall be
utilized. Locking compounds shall not be used as the
retention method for pivot pins. Smap rings shall be

avoided where a mere positive means of retention can be
used. Snap rings shall not be used to retain pins in

linkages or other appllcations where there is a pessibility
that moment loads may be imposed on the snap ring. Where
M ar vamwes mwa 1ol s bha nwacanm~ma AF QAwer F3i1Tm Taakwi cad i

auay LLIIL_’D arLcT uyoTu Al Cii< yl.cacu\.c VL Uiy A Al AW A ALVER CAViig
care shall bhe taken to ensure that no dry film lubricant is

f
n 10 dry f
deposited in the groove for the snap ring. New snap rings
shall be used each time the assembly, or portion thereof
which includes the snap ring, is disassembled and
reassembled.

3.3.5.4 Threaded_parts. Threaded parts shall be in
accordance with MIL-S-7742 or MIL-S-8879. A minimum

engagement of five full threads is required for threaded
attachments; or for through Lbolts, the threaded ends shall
protrude a minimum of two full threads beyond the end of the
nut. Screw sizes smaiier than 3.5 miliimeters (mm) 1in
diameter shall be avoided where practicable.

3.3.5.5 Adhesives. Adhesives shall be in accordance
with MIL-STD-u454, Requirement 23. The adhesives shall be
selected based on their strength in the appropriate failure
mode (i.e., shear, peel, flatwise, or tensile) at the
maximum and minimum temperature extremes and maximum and
. .
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apsulation and emgedment (potting).
embedment (potting) materials and their
11 be in accordance with MIL-STD-u454,

3.3.5.6 En

Encapsulation an
application sh
Requirement 47,

3.3.5.7 Conformal_coating. Conformal coating for
printed wiring boards shall be in accordance with MIL-I-
46058 except type UR and type SR coatings may be applied up
to a thickness of 0.6 mm, provided the coating material

exhibits a durometer hardness of 60 Shore E or less at -50
deg € and a modulus of elast1c1ty less than 69 megapascais

at -50 deg C. Where applicable, the selection of coating
materials shall consider outgassing that could causec
contamination of optical and thermal control surfaces.

Lubrication may be provided Ly

ubricants.
greases, liquids, solid film lubricants, or a combination ~f
either grease or 1liquid with solid film lubricants. The
selection of lubricants shall be based on the following
considerations: (a) coefficient of friction, (b) 1lubrication
property changes in a vacuum environment, (c) depletion and
wearout, (d) operating temperature limits, (e) creep

properties, (f) viscosity vs temperature properties, (9)
pressure coefficient of viscosity, (h) outgassing that could

cause contamination such as on optical or thermal control
surfaces, (i) corrosion protection, (j) possikility of
polymeriza+ion, (k) cleanliness, (1) run-in requirements
such as rate of speed, 1load, and time duration, (m) any
requirements for demonstration of the suitability of the

lubricant in a <simulated space environment, () any
requirements of other environments such as humidity,
COmpatlblllt (@) he Lubrlcant w1tn otner ma
+icularly r i e
are am f
s

p

jo g T}

[= 9 8 -

t

application g g
adequacy. The lubricant chosen shall not cause detrimental
etfects on the assembly during or after operation at ambient
conditions. Selection of the lubricants for assemblies
unavoidably sunjectec t :

b--‘('? d

r
1a
p

sucC ol

caused by the passa
lubr 'cated interfaces.
particular application, priority shall te given thosge that
have Dpeen successfully wused in equivalent applications.
Graphite shall not be wused as a lubricant aurder vacuum

conditions.

13
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3.3.5.9 Scglderxing. Soldering shall be in accordance
with MIL-STD-454, Requirement 5, except that manual
soldering shall be in accordance with MIL-S-45743. No
assembly shall depend solely on soft solder for mechanical
strength, except relatively light parts that have, by actual
use, proved to be suitable in similar appllcatlons when

soldered. Solder bath soldering shall not result in
electronic parts temperatures that exceed 149 deg C and the

solder joints shall meet the workmanship requirements of
MIL-S-46844. Active solder fluxes may be used provided the
application does not damage the assembly and permits a
thorough removal of all unreacted £flu and flux residues

without depositing contamination on other parts of the
assembly. To avoid gold contamination of solder joints, all

goldplated electronic hardware, including leads of
electronic parts which require soldering, shall be pretinned
to remove excess gold; except tinning shall not be required
for solder bath soldering if the goldplating thickness is no
greater than 1.3 um.

3.3.5.10 gg;gg_ielectr;cal 1nte_ggg_gctggg§1. Electri-
cal interconnection resistance welds shall be in accordance
with MIL-STD-454, Requiremént 24, except the minimum weld
strength for any type of electronic welding (modules,
stitchwelding) shall be greater than 13 newtons in either
shear or peel mode. Weld strengths need not be based on
parent metal breaking strength.

3.3.5.11 Tape_{electrjcal). Glass cloth, teflon-glass,
and poly umide film tapes may be used. If +the application
requires pressure~sensifave adhesive tapes; the adhesive
shall provide apgrogria bond strengths at the maximum

temperature to which the equipment may be subjected. Fabric
(textile) rressure-sensitive (adhesive or friction) tape
shall not be wsed.

3.3.6 <Connectors on egquipment enclosures. Electrical
onnectors to which xternal wiring harnesses will be

= n

attached shall be su1table for the application. Connectors

shall be selected consistent with the circuit categories and

related requirements of DOD-w-83575. Wire harness

connectors shall be of the rear insertabtle removeable crimp
: )

4 o~ e A ~rvt o~ AL om AN Aas~E e exbhnern Ffaoaacihla

wiiere i1easiovie. LXCept as
1 be in accordance with

- acLLlel Kalict w =22

F
C-24308, MIL—C-38999, M c-55544, MIL-C-83723, or
-C-837323 Coaxial connectors shall be suitable for the
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application and be in accordance with MIL-C-39012.
Cconnector shells shall have a conductive finish; however,
cadmium plating shall not ke used. Connectors for use in an

EMP or high level rf environment shall be capable of
incorporating rf finger stock at the connector-receptacle
interface to provide for shield continuity and shall be
mechanically capable of being subjected to the required

coupling nut torgquing. Pin-type (male) contact connectors
shall be used for input power or input signals. Socket
(female) contact connectors shall be used for output power.

3.3.6.1 cConnector mounting. connectors shall be
mounted so as to provide a ground path through the enclosure
to the structure of the vehicle. The dc resistance measurec

from the connector shell to the vehicle structure shall not
exceed 2.5 milliohms. Connectors that are not self-locking
shall be safety wired.

N

2 CcCon ctor lo

e Ve & connecLor 10C

H’

3.3 r locations. Connectors shall
located near the mlddle of the enclosure side or face with a
minimum of 25 mm clearance between connector shells to ailow
access during mating and demating. Connectors for
electroexplosive device circuits shall be located 50 mm from

other connectors Where practicable, connectors located omn

be

the same egquigment enclosure shall have different shell
sizes to preclude connector mismating. Connectors 1located
on the same egquipment enclosure and having the same shell

sizes shall have multiple keyways, with the master keyways
on each connector rotated to different positions.

Provisions for different keying arrangements shall also be
provided to further preclude mismating suould saimilar
equipment or connectors be physically 1located in adjacent
areas of +he same vehicle. Where redundant equipma2nt is
housed ir. a single enclosure, separate connectors shail be

provided for each of the redundant equipments.

3.3.€.3 Power. A minimum of two connector contacts
shall be provided each power input and power return. Where
practicable, each of the connector contacts shall re rated
to carry tne maximum load. Where the contact rating is such
that two (or more) contacts are required to carry the

maximum load, the minimum number of connector contacts for
2ach power 1input and power return shall be four (or twice
the number required based upon the comtact ratingj.
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3.3.6.4 Shielded wire. For electroexplosive devic
circuits, and for all categories of circuits in equipment
subjected to an electromagnetic pulse (EMP) environment, the
external harness wire shields shall be bonded around the

0
(1]

circumference, and preferakly within the backshell, of the
connectors, and shall not ke <carried to ground through
connector pins o©or contacts, When the external wiring
harness is not exposed to an EMP environment, the harness

wire shields may be designed to be connected to connector
pins or contacts. 1In that case, the connector shall have
the shield connection on a contact adjacent to the 51gna1

or mu;t1901nt shieild grounalng
12

maQaa

3.3.6.5 Cjircuit isolation. Circuit isolation crite-
ria shal; pe in accordance with DOD—W 83575. Wwhen wires
[rom 3

\,vuucu v
isolation b

)OI

3.3.6.6 Twisted wire_contacts. Contacts for twisted
wires shall be adjacent to each other.

ntacts. Spare contacts shall be
1ted on the outer periphery of the connector and shall be
ungrounded. Connectors with 1less than 25 contacts shall

have a minimum of two spare contacts. Where practicable, at

a
i

least 19 percent of the contacts in connectors with more
than 25 contacts shall be spare. Contacts that are grounded
to provide signal isolation shall mot be counted as spare
contacts. Empty holes shall not be left in connectors where
theres are unused contacts. In such cases, the connector

insert shall be filled with a full complement of contacts
and unused contact holes in the connector grommet shall be
filled with sealing plugs.

3.3.6.8 Grounding conpnector_contacts A size American
Wire Gauge (AWG) 22 or 1larger wire shall be used for
terminating connector contacts to ground within the equip-

ment enclosures. The dc resistance from the connector
contact to the vehicle structure shall be less than 2.5
milliohms.

16
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3.3.6.9 Protective__caps. Connector receptacles shall
be provided with protective caps whenever the mating
connector is not installed, such as during equipment storage

or installation.

3.3.7 cCables, _wavequide, _antennas, nd_ RF_devices.
Cables and wiring external to enclosures shall be in
accordance with DOD-W-83575. Waveguides and related

equipment shall be in accordance with MIL-STD-454,
Requirement 53 and the requirements stated herein.

3.3.7.1 Materials_for wavequide and related eguipment.
Aluminum or magnesium allovs or castings are preferred for
waveguide and related equ1pment due to its llght weight. If
castings are utilized, the castings shall exhibit no

porosity or gas holes when penetrant tested in accordance
i A 6

with MIL-I-6866. If the application requires the minimum
attentuation at frequencies above 12 gigahertz, the
waveguide or waveguide component may be constructed of coin
silver (90 percent silver, 10 percent copper) conforming to
Grade C of MIL-S-13282 with a Rockwell B hardness between

45.0 and 80.0. Aluminum or magnesium waveguides and coin
511ver waveguldes shall not be mated unless the alumlnum or

is
a \aUl‘llllUll "lc lpﬂl [} Olee
using a periodic rev

the mlmlmum';Ii;;; plate thickness shall be 5 pam. Silver
plating snall be overplated with rhodium, palladlum, or gold
to a thickness of 0.5 pm plus or minus 0.25 am.

3.3.7.2 Waveguide_ _assemblies. The face of assembled
flanges for waveguides with a cross section of 25 mm by 10
mm or larger shall make an angle of 90 deg plus or mlnus

0.50 deg with theilnternal wavegu1de surfaces. For smaller
waveguides, the face of the flange shall make an angle of 90

deg plus or minus 0.25 deg with the internal surfaces. The
centers of Openlnqs of assembled waveguide sections shall be
in axial alignment within 2 percent of the maximum waveguide
cross-sectional dimension. Where practicable. grocves shall
be criented downward to prevent moisture accumulation. The
smallest opracticable number of waveguide couplinge anrd
flexibie assemblies shall be used, such as by the use of
preformed bends, to minimize system voltage standing wave
ratin. Long wavejuide runs shall be strain-relieved by
suitables clamping devices spaced along the lencth of the
waveguide. Flexible waveguide shall not be forced to bkend
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beyond its natural "stop" position and repeated flexing
shall be mlnlmlzed Wavegulde assemblies 1nc1ud1ng <hoke

- = Ao = )
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3.3.7.3 Stripline_ _transmission assemblies. Stri
mission material shall be 1in a M

- T

L' A
N 19498 —4
s d

L3
S

oL

Bonded

A embl by
unclad surfaces of the dielectric materlals of c1rcu1t
boards to be laminated into a stripline device shall be
chemically etched or otherwise primed for bonding. The
design of stripline microwave equlpment shall be such that
stresses on solder joints are in

11 IS
shall be no greater than 68
the

the highest temperature
subjected. Connections between strlpllne assemb
coaxial 1lines shall be designed to accommodate the maximum
predicted thermal expansion and contraction of the coax

center conductor.

e
e

3.3.7.4 Ssurface _acoustic__wave__ (SAW) _devices. SAW
crystals shall be controlled by applicable performance and
material properties such as elastic, pi ezoelectrlc, and

dielectric constants; electromechanical coupling coeffi-
cient; temperature coefficient; coefficient of velocity; and

delay. The mechanical design of a SAW package shall ensure
P . el AT vwrerend =) 1 e mde b = ome ~A A -~ il codbead A mavvyasoar PFer o
wiau Tile OAW LLYDLQL A0 GLLdbuCu bU a SuuoLiauvc “ail lilTdi vy a
flexible adhesive material to absorb stresses resulting from
the different thermal expansion coefficients of the SAW

crystal and the substrate and to absorob the acoustic wave
which overlaps to the edges of the SAW crystal and would
otherwise be reflected back to the 1nterd1g1ted transducers.

The durometer of the adhesive shall be no greater than 65
Shore A, measured at room temperature. Flectrical
connections to the SAW device shall be made by ultrasonic
aluminum bonas or equivalent room temperature bonds.

Tnermal compression bonds which have the potential to cause
microfractures of the SAW crystal shall not be wutilized.

Discrete elactrcnic parts shall not Dbe attached to the
substrate ©f a S7%W package by soldering to circumvent the
possitili-y of contaminating the SAW crystal surface with
flux residu=:s or solder. SAW device process operations
snall includ= a thorough cleaning of completed SAW packages.

-
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g the devices shall be wvacuu
deg C or equivalent to dry the device
and to allow gases from the adhesives to escape.

S Antennas.

of the lectronlc equlpment involved. The ground
counterpoise shall be of adequate dimensions to ensure
satisfactory radiation patterns. When coaxial antenna
transmxssxon lines are u i

A +ha »
anga tne g;e

efficient oOpe depends
current path from the ground pla ne to metal portlons of the
antenna, the design shall provide for a low-impedance,
homogeneous external surface as the ground plane, with a

minimum 1length connection to the appropriate portion of the
n

antenna. All antennas, whether using a ground plane Or not,
shall be designed to provide satisfactory radiation patterns
in the presence of all spacecraft components for all
spacecraft configurations and attitudes to be encountered

during operation of the antenna.

3.3.8 Electromechanical subassemblies.

3.3.8.1 Controls. External adjustment, alignment,; or
calibration controls shall not be pvrovided on electronic

enclosures used in space vehicles.

.8.2 Rotary servo devices. Rotary servo devices

shall bé in accordance with MIL-STD-454, Reguiremeiit 56.

3.3.8.3 Batteries. Batteries shall be in accordance
with MIL-STD-454, Requirement 27.

3.3.8.4 g;gggroexp1051ve devices. Electrcexplosive
devices shall be in accordance with MIL-STD-1512.

3.3.6.5 Motors. Motors, dynamotors. rotary  power
converters, and motor generators shall be in 3ccordarice with
MIL-STD-454, Requirement U6, Motors shall have a minimum

driving torgue egual to two times the maximum load which
must be driven based on combining worst case tolerances,

19
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frictional load, and voltages under worst case environmental
conditions.
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i closed,
1vated where practicable, to prov1de motive
power even if broken, and to prevent buckling. The
attachments for retaining leaf springs shall be designed to

oncentratlons Dy SUCD rea*ures as rounalng of

3]

y
of on r performance. To
reduce the poss bllity of a reduction of gotentlal energy
due to creep, springs shall be designed to maintain stress

levels below the material proportional 1limit. Redundant
sprlngs shall be used in all applications where practicable.
Springs shall have a minimum force or torgque margin of
safety of 100 percent based on combining worst case
tolerances and trictional 1load under worst case
environmental conditions. All springs shall be dry film

lubricated to minimize friction.

3.3.9 Electromagnetic _compatibility. Electromagnetic
compatibility shall be in accordance with the requirements
of the detailed specification.

3.3.170 Antijamming. The electronic components or

equipment shall ke designed to obtain the maximum inherent
protection agalnst possible interferring signals caused by

intentional and unintentional jamming. The contractor shall
obtain the approval of the contracting officer for the basic
antijamming concepts before proceeding with design of the
system.

3.3.11 Operational_checkout_provisions. The test points
and operational checkout provisions shall accommodate a
continuity of critical test parameter measurements from box
acceptance test through subsystem test, vehicle acceptance
test, prelaunch checkout, and on~-orbit test measurements as
applicable. ThHe test yarameters shall bte chosen to provide

c
t
tisfactory equipment rperformance and to
o

assurance of sa

isolate faults should they occur. Where practicable, test
points shall ke provided as telemetry points on connector
pins at the tace of the equipment. The test eguipment used

20
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shall assure that the critical performance parameters can be
measured to the required accuracy. The parameter test
limits shall be established such that the measurements are
made to an expanding accuracy tolerance that avoids the
possible rejection of equipment which has passed tests
conducted at lower levels of assembly.

3.3.12 Pressurization. Avoid using pressurization of
units to meet the requirements of this specification. Where
pressurization is necessary, the equipment shall be
designed to maintain the specified minimum pressure level
for at least four times the mission duration. Whenever
pressurization is utilized to meet the requirements of this
specification, the following provisions for the enclosure
shall be met:

a. Proof prpressure equal to or greater thar 1.5 times
the maximum absolute operating pressure

b. Burst pressure equal to or greater than 2.0 times
the maximum absolute operating pressure

3.3.13 Electrical overload protection. Electrical
overload protection shall not be provided in individual
boxes or components receiving power. Overload protection,
when required, shall be a part of the space vehicle
electrical power control subsystems.

3.3.14 Lle(‘:t er. The eq&lymc nt

w ha
satisfactorily ov ge of input voltage from 22.0 volts
(V) dc to 34.0 V dc as measured at the input power terminal
of the equipment.

U’)
Q.
F
C
ol
[0}

3.3.14,.1 Ripple_voltage. The equipment shall operate
satisfactorily when the dc input voltage has a sinusoidal
ripple voltage superimposed on the mean level as measured at
the input power terminal to the equ1pment. The design level
for the ripple voltage shall be 2.8 V rms in the frequency
range between 0.1 hertz and 15 kilohertz. 1In the frequency
ranae between 40 kilohertz and 400 megahertz the design
level shall be 1.0 V rms. The design level of the ripple

voltage shall transition from 2.8 V t 1.0 V in the
frequency range between 15 kilohertz and 40 kilohertz.
3.3.14.2 Transients. The equipment shall operate

satisfactorily when the dc input voltage bhas a voltage

21
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transient superimposed on the mean dc level. For design
purposes, the transient voltage shall not exceed #56 V peak
as measured at the input power terminals to the egquipment.
The integrated area under the assumed transient voltage-tlme
function can be as large as 0.0003 volt-seconds.

3.3.14.3 power_outage. When the input electrical power
is removed from the eguipment or is less than 22 V dc, the
equipment may have a 1loss of function or performance
degradation; however, when normal electric power is

restored, the equipment shall recover automatically or be
capable of a command reset to full functional operation

without performance aegradation. The equipment shall be
designed to operate without performance degradation or to
recover automatically without a command reset should the
power interruption be 1less than 500 microseconds in
duration.

3.3.174.4 Warmup_time. The warmup time 1is the time
period required to reach the specified operational
performance capability from a nonoperational standby
condition and environment. The warmup +time shall be as
specified by the equipment specification.

3.3.15 Corona__and__xf electrical breakdown_prevention.

Where practicable, the design of high voltage circuits shall

use low dielectric constant insulation material (below 3.5)
that are corona resistant. Designs without discontinuities
or air gaps in the dielectric material are preferred. Sharp
edges 1in microwave cavities and voids and bubbles in

encapsulants shall be avoided to minimize high voltage field
stress. When the frequency distance product is greater than
0.7 megahertz-meters, multipacting shall be a design

consideratiorn. 1In that case, (a) the use of encapsulation
should be considered to raise the voltage regquired to start
electrons resonating, (b) the area should be vented to allow
any gas generated by multipacting to escape and therebky

reduce corona, and (c) the use of an electrical or magneti&
bias should be considered to sweep away ions.
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3.4.17 Circuit_selection. In the selection and layout
of circuits, the contractor shall attempt to use circuits
and methods of construction which will permit use of the

same subassemblies in oOther eguipment having similar
circuits and functions. Te permit flexibility in the
arrangement or assembly of modules and bassemblies,
interconnecting leads involving circults considered

susceptible of radiated interference or capable of radiating
interferences shall be shielded and have low impedance All
other connections {Ssuch as powerj) shall be well shieided or
bypassed internally to prevent radiation or pickup of

extraneous fields.

3.4.2 Detailed mechanical and electrical design. The
design layout and assembly of the units and their components
parts shall be such as to facilitate production based on the
quantity of the order, and to result in optimum size and

we iaht concictont wi +h +ho snecified recuirements, If

W ANy e NS LAT A D Tl Ve A s S S R S aa T i Lo

redundant comronents, circuits. or equipments are housed in
( a single enclosure, the design shall be such that a failure
in one of the units does not propagate to the other unit.
When designing new equipment, contractors shall consider,

’y

~

...... |

where practicable, computer aided designs and designs that
hawva haon Nnr ~an hn ranradncad hu macrhanizad or
2484 V A d N d rasd L\rtl‘. NINA ANr S A LIJ l'l\_\a&lull“a\cu

semimechanized production facilities consistent with the
state of the art. The contracting officer shall be kept

informed of the types of circuits selected and the type of
facility required to produce such circuits. The following
types of mechanized or semimechanized construction shall be

s Aavrans
\lelD .LUCL T e

a. Subassemblies using printed circuits upon which the
parts are printed or placed and electrically
connected.

b. Construction 1

n
wa ferg are nlace

which several ceramic or plastic
one above the other and parts

4 one bove th
e

d thereon.
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printed or moun

c. Three-dimensional or folded-type construction in
which th mechanically placed and
c
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d. Microcircuits using deposited or printed techniques,
including circuits employing combinations of these
......... AL b enmwdo

processes and discrete parts.

3.4.2.1 Large_assemblies. Large assemblies shall
be capable of repair by either replacement of subassembly or
detail part, whichever is the most practical.

3.4.2.2 Nonrepairakle subassemblies. Nonrepairable
subassemblies shall be approved by the contracting officer.
The approval request shall be based upon the construction

and mechanical deta1ls, the electrical schematic, and the

environmental, performance, and test data for the

subassembly considered as a single nonstandard part. Detail
lo)

_____ [ | 2

parts in the subassembly need not be submitteu for approval.

3.5 Detailed regquirements_for_ internal_ subassemblies.

- — —— ————— o} < ——— i Ga—————

3.5.1 Internal electrical connections. P
circuit board connectors and other connectors mounte
enclosures shall be in accordance with the ap

1a

sections of MIL-STD-454, Kkequirement 10. Removeabl

wiring boards shall be connected into the equipment L
of connectors. Printed wiring boards utilizing the
conductor pattern as the direct contact with the mating
connector shall not be wused. Terminals shall be in
accordance with MIL-STD-454, Requirement 19. When the
mounting of terminals on printed circuit boards is required,
the terminals shall not be mounted on active circuit traces

or in active plated through holes of the printed circuit
board.

3.5.2 Sockets, _shields,_and_clamps. Sockets, shields,
and clamps shall be in accordance with MIL-STD-=454,
Raani ramaent (0.

l\c\’\‘&& AT LAY ¥ g WV e
3.5.3 Printed wiring. Printed wiring shall be 1in

accordance with MIL-STD-454, Reqgquirement 17 and the
following controls:

a. Part mourting shall allow visual inspection of all
solder joints on both sides of the board.

b. All printed circuit boards shall have plated through
holes with pads on both sides. All holes on double
o

PRS- .

s used only for

sided prlntea circuit boar

24
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interfacial connections shall be filled with wire
and solder.

c. Multilayer printed circuit wiring boards, having
three or more circuit layers, shall be avoided if
practicable. When multilayer printed circuit wiring
boards are used, the surfaces of the copper on all
inner 1layers to be 1laminated shall be treated or
primed prior to lamination to increase the laminate
bonding. A copper oxidation technique 1is an
acceptable treatment prior to lamination. Etchback
shall be used in the holes prior to plating to

reliable connections to the circuit traces.

o+t ~rhhan~l 1Timite are h

. s
hback limits can § 1i1ym minimum

=X S e ranl BILE A3 A ATLALIL

nu ted wiring boards
igured so as to equalize, to the extent
practicable, the distribution of conductive areas in
a layer and the distribution of conductive areas

among layers. Large conductive areas such as ground
planes should be positioned <close to the board
midpoint thickness. When more than one ground plane
is required, they should be in layers that are
equidistant from the midpoint.
3.5.4 Wiring_(internal). Internal wiring practices
shall be in accordance with MIL-STD-454, Requirement 69.
3.5.4.1 Wire (hookup). Hookup wire shall be in

accordance with MIL-W-81044, MIL-W-81381, or be an
equivalent type with insulation that has at least equal to
or greater resistance to cold flow than those types.
Adequate controls shall be included in the designs, and

procedures imgplemented during =ssembly, to avoid cold flow
failure mechanisms. The size of wire leads supplied with
parts shall be controlled by the applicable part
specification.

- - 1. ~ as a4 v R T - D R, oo 2 Y A2 - A PR

Jedelbe 2 MetalliicCc_Snieidinge. onieiaing ana groundaing
criteria shall be consistent with the circuit categories and
excernal harness interface reguirements of DOD-W-83575.

3.5.4.3 Coaxicl_cable (rf). Coaxial cable (rf) shall

be in accordance with MIL-STD-454, Reguirement 65.

3.5.5 Capacitors. Capacitors shall be selectea and
applied in accordance with MIL-STD-198. Capacitors sheall be
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in accordance with specifications which carry an exended

reliabilitv (ER) designator. Canacitors shall be selected
ability (ER) designator. Capacitors shall be selected

from the lowest established failure rate group available.

3 .5.5.1 TIype_ constraints. Use of air gap capacitors,
or nonsolld electrolyte
tantalum capacitors apaci ui
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contracting officer approval.
3.5.5.2 Mounting of_fixed capacitors. Fixed capac-
itors shall be securely mounted. Stress relief 1loops or

other provisions shall be made in mounting to accommodate
environmentally caused variations such as that due to

temperature changes. Capacitors shall not be mounted by
their wi re leads without nrovi Rn na other mechanical cunnart
AT & A w A LA e e CA AT W CAIN/A r ll’ N wd SN b I v E4LA LA wiA & U\‘rl NS A
for the body of the capacitor. Capacitors weighing 15 grams
or less may be secured by only their 1leads and syntactic
foam, adhesive, or conformal coating if the mounting
satisfies the thermal and mechanical requirements of the
subassembly. The total length of foth 1leads, measured
- - 3 et Weal el &~ ha TaoanAco
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between the POl m Wwnicn cne i1€a
egress and the midpoints of the lead atitachment terminal
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should not exceed 25 mm. In no case shall the wire leads be
less than 6 mm in length for capacitors with axial leads.
3.5.6 Resistors. Resistors shall be in cordance with
MIL-STD-454, Requirement 33. Resistors Shall be in
amemAaYrAans~Sa wry &+ h ernan~nts FfiamatiAne wh i ~h A v o - avéanlaAd
aQvLuUL uQliiv T Wi il atlc\.—.l.& AdQA L AVIIO Wildi\ 1l “valiiy ail TALLTIIAT U
reliability (ER) designator. Resistors shall be selected

from the lowest established failure rate group available.
The rating and placement o©of a resistor 1in a particular

equipment shall be such that the permitted maximum
temperature at any point on the surface of the resistor
shall not be exceeded under the highest ambient temgerature
or lowest absolute pressure under service conditions for the
complete equipment.

3.5.6.1 Tapped_resistors. Use of resistors having
fixed or wvariakle taps regquires contracting officer
approval.

3.5.6.2 Mounting of resistors. Resistors shall the
securely mounted. Stress relief looprs or other provisions

shall be made in mounting to accommodate environmentally
caused variations such as that due to temperature changes.
Resistors shall not ke mounted by their wire leads without

26
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providing other mechanical support €or the body of the
resistor. Resistors weighing 15 grams or 1less may be

secured by only their leads and syntactlc foam, adhesive, or
conformal coating if the mounting satisfies the thermal and

mechanlcal requ1rements of the subassembly. The 1length of
th leads, measured between the points on the resistor from
which the leads egress and the midpoints of the lead
attachment terminals, should not exceed a total of 25 mm.
In no case shall the wire leads be less than 6 mm in length.

3.5.7 Solid_state_devices_and_electron_tubes. solid
state devices, such as microelectronic and semiconductor
devices, are preferred to electron tubes wherever
practicable. Microcircuits shall be in accordance with MIL-
M~38510 Class S. Semiconductors shall be in accordance with
MIL-S-19500 Class JAN S. Solid state devices shall be

selected from the 1lowest established failure rate group
available.

3.5.8 Transformers_and_inductors. Transformers and
inductors shall be in accordance with MIL-STD-U54,
Requirement 14.

3.5.9 Filters. Electrical filters shall be in
accordance with MIL-STD-454, Requirement 70.

3.5.10 Ekelays. Relays shall be in accordance with
MIL-STD-454, Regquirement 57; however, only hermetically
sealed relays shall ke used.

3.5.11 §g;gghes. Sw che= shall be in accordance with
5L 1ly positioned switches
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3.0 ggglgggmgggg;_gg§iqn‘ To provide a design factor
of safety or margin, the equipment <shall be designed to
function within performance specifications when exposed to
environmental 1levels that exceed the maximum predlctea

levels expected during 1its service life. The maximum
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predicted environments shall be determined as indicated
herein or in accordance with MIL-STD-1540.

1 Vibration_and_acoustic_noise. The electronic

3. 6 L]
equipment shall ke designe ed to operate satisfactorily at
vibration and acoustic noise amplitudes twice the spectral
anteral Ana nf +ha mawvi miam ant+ti ~rinatroAd Anrvrin 1:1nnh
CIIVCLVEC N A div— SYALA N A AVILARYYL u.ni—&v&y\-ﬂ-\-\-u nANA L "‘3 ACALLIN A2 g
injection, on-grblt. and reentry conditions as appropriate.
The maximum environment shall be considered to persist for

three times the exposure duration associated with the
envirOnmental amplitudes that are greater than one half the
or for three m1nu:es, whichever

4
2 m  meam o A e 22 man e e &~ Ak fa i~ - £ anv o o o~
15 ygyrecacer. ['].I.L.LUP(IUIILL TLLTULD, i L ally ¢ Blldl..l o v e
detrimental to equipment performance.
3.6.2 Sshock. The electronic equipment shall be

Sh
designed to operate satisfactorily during handling and with
operational shocks that have amplitudes twice the spectral
envelope of the ma ximum anticipated during launch,
injection, and on-orbit operations.

3.6.3 Acceleration. The electronic equipment shall be
designed to operate satisfactorily under steady
accelerations of 20 g applied in any direction, or to twice

the maximum predicted accelerations, whichever is greater.

3.6.4 OQrientation. Normal installation position or
range of positions shall be as specified 1in the equipment
specification. The equipment shall operate within

prescribed limits in any position and under conditions of
zero dgravity unless otherwise specified in the equipment
specification or the contract.

3.6.5 Thermal vacuum design. The electronic equipment
shall be designed to operate continuously at ambient
temperatures between -34 degrees (deg) C and +71 deg C and
at ambient pressures between sea level and deep space. The
equipment shall operate satisfactorily when exposed to 24
thermal cyclies where the ambient temperature varies at a
rate of 3 deg C per minute from one extreme to the other.
The equipment shall operate satisfactorily when the ambient
pressure drops from sea 1level to 65,000 meters (m)
equivalent in ten minutes. The application of thermal

controls or thermal coating to achieve the desired operating
temperature range in the space environment shall be based
upon a tnermal analysis of the particular spac

28
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under planned operating conditions. This analysis shall
include vehicle checkout, 1launch conditions, and on-orbit
conditions including various load groups cycled on or off,
both sunlight and eclipse conditions, high and 1low
electrical bus voltage, various orientations of the space
vehicle, and other predictable operating conditions. Should
the detailed thermal analysis and associated test
verifications indicate that the Yon-orbit% operating range
for the equipment will exceed a ~-24 deg C to +61 deg C
range, then the specific vehicle equipment shall be designed
to operate with the 10 deg C thermal margin beyond the
actual calculated or anticipated limits.

3.7 Identification_and marking. Items shall be marked
in accordance with MIL-STD-454, Requirement 67. Marking
shall not adversely affect the 1leakage path between
conductors or any other factor of equipment performance.

3.7.1 _Reference_designators. Reference designators
shall be assigned and marked in accordance with IFEE 200.
Reference designators need not be marked on subminiaturized
assemblies, such as printed or etched boards or other forms
of assembly where space is at a premium. 1In lieu thereof,
location of parts and their reference designators shall be
shown by pictorial diagrams, line drawings, photographs, or
other media in the equipment handbooks to provide for
circuit identification. Parts in nonrepairable
subassemblies need not be marked with reference designators.

3.7.2 Wiring marking. Color coding or physical
marking of individual conductors used for internal wiring of
electronic equipment is not required. Coding or physical
marking shall only be used to the extent needed to
facilitate assembly, inspection, and possible later
modification of the wiring. Marking shall not be wused on
wires where tne dielectric capability of the wire is reduced
by svch marking. Hot and cold stamping shall be allowed
only on insulated wire which will not accept ink marking.
All external wiring shall be marked in accordance with DOD-
W-83575.

3.7.3 cConnector_marking. Each connector shall &Le
physically marked with its reference designator. The
identification markings shall be located on the side of the
panel or enclosure adjacent to the connector, 1in a manner

that assures legikility when connecting the mating wiring

29
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harness connectors. The marking may also include a function
identifier or color coding for the mating wiring harness.

3.7.4 Nomenclature_assignment. Nomenclatur assign-
ment shall be in accordance with MIL-N-18307 for the Navy
and MIL-N-7513 for the Air Force.

3.8 QOperability

3.8.1 Accessibility. Accessibility shall ke in
accordance with MIL-STD-U454, Requirement 36.

3.8.2 Human_engineering. Human engineering shall be
in accordance with MIL-STD-454, Requirement 62.

3.8.3 Maintainability. The equipment shall be
designed so as not to require any scheduled maintenance or
repair during its service life.

3.8.4 Durability. The equipment shall be so designed
and constructed that no fixed part or assembly shall become

loose, no movaktle part or assembly shall become undesirably
Losmm mar 90 o m~a memA emmn AAa~wadadsAanm okhal1 o ~asrroaAd 5 - Lol oW
Lreec oL U uggl.bu, ana no ucyirauaitiuvil Sliaid VT La oTU 4l LT
performance beyond that specified for the particular
equipment during operation or after storage in the
conditions specified.

3.8.5 Reliability. Reliability shall be estimated
based upon realistic failure rates and failure modes for
each part during each operating condition throughout the
service life of the equipment. The reliability goal shall
be Dbased upor. an allocation of overall mission reliability.

The reliabili*y goal shall assure that the overall vehicle
roliability requirements are met under the most severe
extremes of a

cceptance testing, storage, transportation,
preflight testing, and operational environments.
Relijability practices and procedures shall assure mission
success with a probability of success equal or greater than
that assumed in life cycle cost estimates.

3.R.6 ¢cafety. The design shall ke such that a safety
hazard to personnel and surrounding equlpment shall not be
created during installiation, maintenance, and ground test of
the eqguipment.

(9]
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operational service life of the equipment shall exceed the
service 1life of the space vehicle in which it is mounted.

The service life includes all operational and nonoperational
time required or allowed after successful completion of
acceptance tests.

2.0 K ntarchanaseahilit+vu Anu r Nnr mNnro it+omeg
eV VU g‘-‘:gg:u:“: -l u:g‘ el L] sS2s J WV A N NS & e S R SITas
bearing the same part number or identification shall possess

such functional and physical characteristics as to be
equivalent in performance and durability and shall be
capable of being changed, one for another, without
alteration of the items themselves or of adjoining items

A--H’\“ S e~

excccpu LUL dLLglll“EllL auJuauucuub.

3.8.9 Workmanship. The equipment shall be
manufactured, processed, tested, and installed in accordance
with the requirements of this specification such that the
finished items are of sufficient quality to ensure reliable

operatlon, safety, and service life. To the unaided eye,
Aab ~hh a1l hmn Fann ~E bsseras ol SRy AR ma mlre

uxc r:guj.yu I Dilald il DY L 1TT UL VUL LDy auax.y TUYy<o, 1A VAOy
contamination, and defects of any sort.
4.  QUALITY ASSURANCE_ PKOVISIONS

4.1 Responsibility_for _inspectjons_and _tests. Unless
otherwise specified in the contract, the contractor is
racrAancs Rla P Wt o o mavrfAavrmancans ~F a1 T naernanr+tinn and tacé
Lcayuua.& VAT AV AST ¥ A~ tlc.l. AN7L TR LIS A Qaad -I.llgt)c\a “A&NLL W AINA A &F
requirementq as specified herein, Fxcept as otherwise
specified in the contract, the contractor may use his own or

any other facilities suitable for the performance of the
inspection and test requirements specified herein, unless
alsapproved by the Government. The Government reserves the

&~ -a - P, PL S Favd-h 4 +ha
right ¢O perxioim a Oorf tne Lubyct,\,a.vua set forth in the
speci fication where su

e

0&:

____________ e h inspections are deemed necessary to

Ti
he u pections are deemed necessar
assure that supplies and services conform to prescrlbed

requirements.

4.2 glg§§;f;catlon of tests _and _inspections. The
tests and inspection of electronic equipment shall be
classified as follows:

a. Parts, materials, and processes controls (u.3)

D. Qualification tests (4.U4)
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c. Physical configuration audit (4.5)
d. Acceptance tests (4.6)

4.3 Parts, materials, and process_controls. To ensure
that reliable electronic equipment is fabricated, all parts
and materials shall be adequately controlled and inspected
prior to assembly. During fabrication the tools and
processes, as well as parts and materials, shall be
adequately controlled and inspected. Each item of equipment
shall have inspection records and test records mzintained by
serial number to provide traceability. Traceability records
shall be provided for parts, materials, and subassemblies:
(a) where lot control has been established, (b) where the
application might be considered an initial usage, and (c)
where required by the contract. Complete records shall be
maintained and be available for review during the service
life of the equipment. The records shall indicate all
reworks and modifications, and all installations and
removals for whatever reason. To the extent that it is cost
effective, in-process tests and inspections shall be used to
detect defective equipment at the lowest level of assembly
practicable. The configuration and workmanship of the
completed hardware shall be verified by inspection.

4.4 Qualification_tests. Qualification tests shall
consist of all tests deemed necessary to determine that the
equipment meets all requirements of this specification and
the contract. These tests shall be in accordance with the
applicable gqualification test requirements of MIL-STD-1540
and the requirements of the equipment specification on the
contract. The 10 deg €, factor of two, or other design
factors of safety or margins specified herein include test
condition tolerances that are those allowed in MIL-STD-1540.
When the actual gqualification or acceptance test tolerances
can be shown to Le less than those specified in MIL-STD-
1540, the qualification test 1levels may be appropriately
reduced 1in accordance with provisions specified in MIL-STD-
1540. Qualification tests shall verify the ability of the
equipment to perform satisfactorily wunder all specified
operating conditions including all adverse combinations of
environments and operating conditions that may be
encountered during the service 'life of the space vehicle.
Applications having constraints on allowable outgassing
shall qualify to that requirement either by test, or by an
analysis using applicable materials test data, to determine
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the estimated tosal mass loss and the estimated 1loss of

volatile condensible materials. Qualxﬁ;catlon testy shall
be performed on one upit of eqplgmgn# (moxe than one if
requixed by the equipnpent qucLﬁmqat;on or the contxact)
representative of the eguipment to be sggpkled under the
contract in accordance with the approqu test procedures.
Tests shall be performed at the capg;qgto; .S fac111tx, or a
commercial testing laboratory satlsiactorv to the
contracting ofticer, undgr ‘the respggpiblllty of the
contractor.

4.5 Ph251gg1 cogflgurgt;-a_ggQ%S A phys1cal conflg—
uration audit of the first equipment produced with

production tooling and procedures shall be conducted by the
contractor at a time and location acceptable to the
contractlng officer. A gquality audit of the first equipment
is usually conducted with the physical conflguratlon audit.
There shall be no discrepancies among the equipment, the
fabrication tooling used, the released drawings, the test
data, the inspection records, and the specification
requirements. First article approval is valid only on the

contract undnr mh‘ch lt 1e gr:it‘-oﬂ |‘InIDGQ cvfonded by the

contracting officer to other contracts.

4.6 Acceptance_tests. Acceptance tests shall consist
of all tests deemed necessary to determine that the
equipment 1is equivalent in performance and construction to
the approved first article or preproductlon equlpment.
These tests should identify any workmanship or quality
deficiencies that may exist. Acceptance tests shall be
performed on each unit of equipment submitted for acceptance
under the contract. These tests shall ke in accordance with
the applicable acceptance test requirements of MIL-STD-1540
and the requirements of the equipment specifications on the

contract. Contact retention tests and contact separation
force tests eguivalent toc those specified in DOD-W-83575

shall be performed on each connector.

4.7 Test__procedures. The contractor shall establish
written procedures for performing all tests specified.

4.8 Modifications, rework, _and_ _retest. Completed
electronic equipment shall be modified and reworked with the
same high quality assurance provisions and criteria as on
original egquipment. Unless specifically 1limited by the
approved change proposal, the inspection and retesting

w
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requirements following modification shall not be limited to
the changes or modifications but the complete equipment must
be retested including the changes. Inspectlon and retesting

_L‘iﬁ

o
r
)

requirements following rework shall be consistent with the
type and extent of the rework, the location where the rework
is accomplished, and the inspection and testing criteria for
the original equipment.  Before resubmitting reworked
equipment for acceptance, full particulars concerning

previous rejection and the action taken to <correct the
defects found in the original shall be furnished the
Government representatives. Units rejected after retest

ahall - b ho esubmitted withnnnt +tha cnoe~ific~ annroval of
Qlliad i 11VUL P L — & TOoOUMIIL - W CiiA - “iiIC OpTLliiLiL QuppavVar Vi
the contracting officer.
5. PACKAGING. (Not applicable)
6.  NOTES

6.1 Tailored application. This specification 1is

intended for use in equipment specifications or contracts to
incorporate those requirements which are common to most

space vehicle electronic equipment. The requirements stated

~ FREE = € +hanca +hat hawva hoan fAannA $+n ha ~nct
QLC a \—UIIIVUDLLC Vi l—l Vo “iia o ddQqa v<T P A =2} aA\J di\4 “\ AT A
effective for high reliability space vehicle applications.

~d
This specification therefore establishes the minimum
requirements for most space vehicle applications. Where
possible, the requirements are stated in ways that are
self-tailoring to each appllcatlon. However, tailoring of

the requirements should be considered throughout the
ArsMITIISiIdIiNn NnYyAas~acca within + rAnCdrainece r\F +ho hiah
a HU.LOL'VJ.UII hLULCOO wWauvi.adll \—IIC wVilovaQdlallvo l-lJC IIL\:’AA
priority program elements. These elements typically include
performance, reliability, schedules, production costs,
operating costs, maintenance costs, and other high cost
drivers in the projected 1life cycle. Some requirements,
such as the 1input voltage range of 22 V dc to 34 V dc and
the minimum ofperating thermal range of -24 deg C to +61 deg
C, have been specified based upon typical program and
multiple program considerations. These requirements 4o not
generally result 1in vehicle design complexity, ehicle

v
weight increases, or vehicle power increases because they
generally simplify the electrical power

thermal control subsystems. or other eguipment on a
R R R ehi~lo . 2 AR e A~ they provide a basis for
particuiarx venicie. In addition, they provide a basis for
develoring comnmonalit+yv within a nroagram or amona nroarams

deve.ioping commonaiity within a program Or among programs.

34
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The cost savings and reliability benefits that this
commonality of design xeguirements and commenality of
testing may achieve for a contracter ex for¥ the Gewernment
is, of course, subject to evalwation for each application or
group of applications. Reguirements that arxe net
appropriate, or clearly increase program life cycle costs,
should be changed. Contractoxs are emeouraged to identify
to the contracting officex, for program office review apc
reconsiderationm, any rsequiyements imposed@ By this
specification that are Dbelieved excessive. Boweves,
contractors are reminded that deviatioms frem eontractually
imposed requirements can be granted only by the contracting
of ficer. Because of the similarity of reguirements, this
specification may be wused to specify requirements for
electronic eguipment for use on launch vehicles,
intercontinental ballistic missiles, reentry vehicles, ox
other wvehicles. For those applications the term "space
vehicle” is to be interpreted as the appliecable vehicle.

6.2 OQrdering_gdata. The contract should specify:

a. Title, number, and date of the equipment specifi-
cation relating to the eleectronic equipment to be
furnished.

b. Criteria for tailoring regquirements.

c. Requirements for gualifiecation.

d. Items of 6.3 not covered in the detailed equipment
specification.

6.3 Detail equipmert specifications. This  speci-
ficiation covers only the general requirements for design
and construction. The detailed equipment specification, or
the contract, should state specific detail requirements that
may include, but are not limited to, the following items:

a. Parts, materials, and processes selection and
control requirements

b. Derating requirements
c. Specific finish requirements

d. Electromagnetic compatibility and EMP

35
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e. Equipment pressurization

g. Warmup time

h. Human engineering

i. Vibration design levels
k. Thermal design levels

1. Accessibility

r. Reliability

Q
3

n
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or aunalification tes

n
‘
{
!
b
¥
b
(
|
{
|
!
(
{
[

q. Environmental conditions for acceptance tests

r. Packaging requirements

6.4.1 Electronic_egquipment. Electronic equipment is a
general term “characterizing the broad category of items
including subassemblies, components, and subsystems that use

N - S 2T A T S e el - U b et LA R RIT LI A TR sn K- Lol
boxesn and associated electromechanical components of

communications or signal equipment, radio, radar, radiation,
photographic, meteorological, fire control, bombing, flight,
and navigational equipment, powerplant ontrols,

ynchronizers, and test 1nstrumentat10n when such items
employ CerUltb which utilize a combination of electrical or
electronic devices to generate, control, indicate, or record

any form ot alternating or direct currents, or both.

6.4.2 Eguipment_specification. The equipment specifi—
cation is the statement of requirements that establishes or

36
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defines a gpecific item. It may be a wmilitary
specification, a configuration item specification. or a
contractor specification.

6.4.3 Item__levels. The item levels from the simplest
division to the more complex are: part, subasseably,

component, subsystem, System segment, amnd system. Examples
of systems are the launch system, the on-orbit system, and
the reentry system. Examples of a system segment are a

space vehicle or a launch vehicle. The electronic equipment
addressed by this specification are at the subassembly or
component levels of assembly. Each of the item levels is
defined in MIL-STD-15&0.

AFSC DH 1-4 Design Handbook, Electromagnetic Compati-
bility

NAVAER- NAVAER Handbook, Vol 2, Preferred Cir-
16-1-519 cuits, Navy Aeronautical Electronic
Equipment

6.6 Supersession_data. This issue of DOD-E-8983 is a

complete revision of MIL-E-8983B that supersedes all

previous 1issues for new designs. The previous issues of
MIL-E-8983 remain in effect to cover the procurement of
“"A"If\l\ﬂ"’ Aacinnca M'!I‘ n-nn‘-
PLCV A4S A UCO Aviitcwa CHYULApWMTILIC
Custodians: Preparing activity:
Navy-AS Aixr Force - 19
Air Force - 19 Project No. 1820-0001
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