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MIL-F-18870E(0S)
25 April 1975
SUPERSEDING

. 18 August 1967 .

M LI TARY SPECI FI CATI ON

FIRE CONTROL EQUI PMENT, NAVAL SHI PBOARD,
GENERAL SPECI FI CATION FOR

This specification is approved for use by all
Departments and Agencies of the Departnment of Defense.
1 SCOPE
1.1 This specification covers the Cormon requirenents for the procurenment of fire

control equipment to be used in Naval shipboard weapon systens. Such equi pment may be a
conplete systemor a part of such a system

2 APPLI CABLE DOCUMENTS

2.1 The followi ng docunents, of the issue in effect on the date of inyitation for bids

ggergq39est “for proposal s, forma part ofthis Specification to the extent Specified herej n,

SPECi f | CATI OnS
Federal
. . J-W1177 Wre, Mgnet, Electrical
: W C- 596 Connector, Plug, Electrical; Connector, Receptacle, Electrical
W F- 406 fittings for Cable, Power, Electrical and Conduit, Metal, flexible
HH P- 96 Paper, Gasket; Fiber (Animal or Plant), Sheet
QQ A-200 Aluminum Al l oy, "Bar, Rod, Shapes, Structural Shapes, Tube, and Wre,
Extruded; Ceneral Specification for

QQ A-225 Aluminum and Al uminum All oy-Bar, Rod, Wre, or Special Shapes; Rolled,

Drawn, or Cold finished, General Specification for
QQ A-250/2  Alunminum Alloy 3003, plate and Sheet
QQA-250/6 , AuninumAloy 5052, Plate and Sheet
QQ A-250/ 11 Aluminum Al'l oy 6061, Pl ate and Sheet

QQ A-591 Aluminum All oy Die Castings
QQ A-596 Aluminum Al l oy Permanent and senipernmanent Hol d Castings
QQ A-601 Aluminum All oy Sand Castings
QQ B-613 Brass, Leaded and Nonleaded: flat Products (Plate, Bar, Sheet,
and Strip)
QQ B- 626 Brass, Leaded and Nonleaded: .Rod,, Shaped, forgings, and Flat Products

with finished Edges (Bar and S

V)

@
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WB- 637

QQ B- 639
QQ B-728

QQ B- 750

QQ B- 825
QQ G320
QQ G390
QQ-C-4S0

QQ-C-502

QQ-C-530

QQ-C-533
QQ \-201

QQ N- 286
QQ N- 268
QQ N 290
QQ P-416
QS 365
QS 764
Q Z-328
TT- G- 490

WV T- 70012
WV T- 700/ b
WV T- 700/ 6
Z7-R- 765
Military

M L-V-173

MIL~-G-17u
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Brass, Naval: Rod, wire, Shapes, Forgings, and Flat Products with
Finished Edges (Bar, flat wire, and Strip)

Brass, Naval: Flat Products (Plate, Bar, Sheet, and strip)

Bronze Maganese; Rod, Shapes, Forgings, and Flat Products (flat Wre .

Strip, Sheet, bar, and Plate)

Bronze, Phosphor; Bar, Plate, Rod, Sheet, Strip, Flat wire, and
Structural and Special Shaped Sections

BusBar; Copper, Aluminum or Al uninum Alloy
Chronium Plating (El ectrodepoeited)
Copper Alloy Castings (Including Cast Bar)

Coppe- Al umi nm Al l oy (Al uini.nmmBronze) Plate, Sheet, Strip,and Bar
(Copper AlloY Nunbers 606, 612, 613, 614, and 628)

Copper Rods and Shapes; end Flat Products with Finished Edges (Fl at
wre, FNpPS, and Bars)

Copper Beryllium Alloy Bar, Rod, and wire (Copper Aloy Nunmbers 172
and 173)

Copper Beryllium Alloy Strip (Copper Alloy Numbers 170 and 172)

Ni ckel - Coppe~Al l oy Bar, Plate, Rod, Sheet, Strip, wire,Forgings,
and Structural and Special Shaped Sections

Mckel - Copper - Al unhm Al | oy, Wought

Ni ckel -Copper Alloy and Nickel-Copper-Silicon Alloy Castings
Nickel Plating (El ectrodeposited)

Plating, Cadnium (Electrodeposited)

Silver Plating, electrodeposited; General Specification for
Steel Bar, Corrosion Resisting, free Machining

Zinc Coating, Electrodeposited, Requirements for

(eaning Methods and Pretreatnent ofFerrous Surfaces for Organic
Coat i ngs

Tube, Aluminum Alloy, Drawn, Seanless, 3003

Tube, Aluminum Alloy, Dram Seaness, 5052

Tube, Alum num Alloy, Drawn, Seam ess, 6061 .
Rubber, Silicone

Varni sh, Misture-and-fungus-Resistant (for TreatMent of Communications,

Electronic, and Associated Equipnent)

dass, Optical

%
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G 17112
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Coating of Gass Optical Elements (Anti-reflection)
Rubber Gasket Material, 45 Duroneter Hardness

Shock Tests, H.I. (Hgh Inpact); Shipboard Machinery, Equipment, and
Systens, Requirenents for

Gasket Materials, synthetic Rubber, 50 and 65 Duroneter Hardness

Control lers, Electric Mtor, AC or D C and Associated Swtching
Devi ces, Naval Shi pboard

Receptacl es, Receptacle Plugs, Switch and Receptacles, and Qutlets
(Electrical), Ceneral Specification for

Rubber Sheet, Strip, Extruded, and Hol ded Shapes, Synthetic,
0i | - Resi st ant

Gomets, Elastic, Hot-G| end cool ant Resistant

Desiccants, Activated, Bagged, Packaging Use and Static Dehumidify-thn
Canada Bal sam

G ass, Laminated, flat; Except Aircraft

Adhesive, Optical, Thernosetting

Sol enoi d, Electrical, General Specification for

Plastic, Sheet Acrylic, Heat Resistant *

Gand Design; Packings, Hydraulic, General Requirenents for
Packing, Performed, Petroleum Hydraulic Fluid Resistant, 160° f
Chemical Conver sion Coatings of A umnum and Aluminum Al | oys
Rubber, Synthetic, Sheets, Strips, Mlded or Extruded Shapes
Anodi ¢ Coatings, for Al um num and Al um num All oys

Tin Plating; Elecrotdeposited or Hot-Dipped, For ferrous and
non-ferrous Metals

Mrror, I'rent SUrface A umnized: For Optical Elentents

Optical Conponents for fire Control Instruments; General Specification
Coverning the Manufacture, Assenbly, and Inspection of

Rubber Gasket Material, 50 durometer Hardness (Maxinum

Copper-Ni ckel Alloy, Rod, Flat Products (Flat wire, Strip,Sheet. Bar,
and Plate), and Forgings

Phosphate Coatings, Heavy, Mnganese or Zinc Base (for Ferrous Metals)
Transforners, Synchro, Overload

Fluid, Power Transnission

Copper-Nickel-Zinc Alloy (N ckel-Silver): Castings
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ML-E 17555

M L- P- 18317
M L- P- 18388
M| -H 19457
M L-C 20159
M L- G 20699
M L-F-21241
ML-F-21424
M L-C- 21609
M L- G- 22087
M L- G 22529
M L- M 28787

M L-G 45204
ML-G 81168

STANDARDS

Mlitary
M L- STD- 108

M L- STD- 143
M L- STD- 150
M L- STD- 167
M L- STD- 210
M L- STD- 242
M L- STD- 454
M L- STD- 725
M L- STD- 740

M L- STD- 810

M L- STD- 1241
M L- STD- 1303
M L- STD- 1364
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Electronic and Electrical Equipment, Accessories, and Repair Parts:
Packaging and Packing of

Pating, Black Nckel (electrodeposited) on Brass Bronze 01" Steel
Coi|'s, Tube Deflection; and Coils, Tube focusing

Hydraulic Fluid, Fire Resistant |

Copper-Ni ckel Alloy (70-30 and 90-10): castings

G ommets, Rubber, Split, General Purpose

filters, Color, Finished (for Optical Instrunents)

Filters,Pol ari zing (for Optical Instrunents)

Cable, Eectrical, Shielded, 600-Volt, (for Nonflexing Service)
Copper Alloy Investnent Castings

Gomet, Plastic

Modul es, EIec%ronic, Standard Hardware Program General
Specification TOf ‘

Cold Plating, electrodeposited
Gyroscope, Rate Integrating

Definititions of and Basic Requirements for enclosures for electric
and Electronic Equi prent

Standards and Specifications, Order of Precedence forthe Selection of
Phot ographi ¢ Lenses

Mechani cal Vibrations of Shipboad Equi pment

Cimtic Extrenes forMlitary Equi pment

El ectronic Equipnment Parts Selected Standards

Standard Ceneral - Requi rements for Electronic EQui pment

Met hod of Marking Scal es for Sights and Fire Control Instruments

Airborne and Structureborne Noise measurements and Acceptance Criteria
Shi pboard equi pnent

environnental Test Methods
Optical forms and Definitions
Pai nting ofNaval ordnance Equi pment

Standard General Purpose Electronic test Equi pnent
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MIL-STD-1378 Requirenents for enpl oyi ng Standard Hardware Program Modules
MIL-STD-1389  Design Requirements for Stanard hardware Program El ectronic Mdules

MIL-STD-1399 Interface Standard for Shi pboard Systens

MS9386 Packing, preformed - M5 7267, "0" Ring
MS9388 Packing, Pr eformed - W 7218, " 0. ring
#528900 Tacking, Preformed, for Electrical Use '
DRAWINGS
230989 Polarizing Plates (for Optical Instrunents), Sizes of Plates in Service
264831 Fire Control Instruments, Dials, Typical Arrangenents
264832 fireControl Instrunents, Standard Dials, Details
275109 Spot Dials
SK 84259 instrument window, Gasket Assenbly
SK 87448 Gun Munt Dials

SK LD132263 Col oF Filtersfor Optical Instruments

PUBLI CATI ONS

Naval Sea Systens Conmand

0D 13726 ’ Nonflexing Cable (WMOS) Installation and Data Handbook

D 39223 Mai ntai nabi Ity Engineering Handbook

CP 1700 Standard Fire Control Synbol s

or 2230 wor knshi p and Design Practices for electronic Equi pment
OP 3440 Special Purpose Test Equipment for Support of Naval Ordnance

weapon Systens

OrR-1 Hark and Hod Nomenclature System

Naval Ship Engineering Cant er

Bushi ps STD
9000- S6202- 73980 Electrical Standards and type plans

(Copies of specificBtions, standards, drawings, and publicaticns required by suppliers
cennection with specific procurement functiocns should be obtained from the procuring a

el 2 vl oan . —ald A _Bera_ N
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2.2 Cther publications. The following docuvent forms a part of this specification to
the extent speciiied herein. Unless otherwise indicated, the issue in effect on the date of
invitation for bids or request for proposals shall apply. See 6.3

Avericzn Society for Testing and Materials

ASTH B117-64 Salt Spray (Fog) Testing

(Appu;an‘.c-n for copies should be addressed to the American Society for Testing and Materials,
1916 Race Street, Philadelphia, Pennsylvamia 19103.)

3 isouxms

3.1 First ARticle. First articles shall be manufactured using the nethod proposed for
production. These first articles will be tested to deternine if the ﬁroposed production nethod
yields an item which meets the requirements ofthis specification. The nunber offirst articles
shal| be as specified in the procurenent docunents invoking this specification. See 6.2(b).

3.2 * Salacticn of documents. All parts, materials, and processes required for the fabri-
cation of fire control equipment and not specified herein shall be governed bx appropriate docu-
ments selected in accordance with MIL-STD-143.

- - - - - . - -— . e . —a . . -~ a5 s . )
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and a document invoked herein, the former shall govern. In the event of a conflict between the

provisions of this specification and the procurement documents invoking this specification, the
latter shall goverm.

3.3 General desizn. Fire control equipment (hereinafter referred to as "equipment")
shall be designed in accordance with OP 2230. The parts and materials used shall be standard-
ized to the greatest practicable extent in order to lower costs, to enhance parts availability,
and to increase the supportability necessary for proper maintenance and service. In order to
assure proper interface with the ship and other equipment thereon, fire control equipment shall
be {n accordance with all appropriate sections of MIL-STD-1399.

3.3.1 Standard parts end materfafs. Standard: parts- amd® matertat - sttet1® be otifli‘zed to
the maxinmum practicable extent. Standard parts and materials are defined as those covered by

docunents listed in ML-STD-242 or invoked herein or in the procurement docunments invoking this
speci fication.

31 1 NON- Standard parts and Materials. Approval forthe use ofnonstandard parts and
materials, defrned as any parts or materrals not covered by docunents listed in ML-STD-242 or
i nvoked herein or in the procurement docunents invoking this specification shall be in accor
dance with MIL-STD-454, Requi renent 22.

3.3.1.2 I nterchangeability. [Interchangeability shall be in accordance with M L-STD 454,
Requi renent 7. .

3.3.2 Saf ety. Equipent shall be designedto mininmze hazards to personnel in accordance
with ML-STD-454, Requirement 1.

3.3.3 Human engi neering. Human engineering shall be in accordance with M L- STD- 454,

Requi renent  62.

3.3.3.1 The numberof ~adj ust ments necessary for normal operation shallbe mninized. Were
adj ustments nust be made in a certain sequence, the proper sequence shall be clearly and perm-
nently indicated near the points ofadjustment.

3.3.4 Reliability. Arelabilit rogram shal| be established in accordance with ML-
STD- 454, Requ_t—s%uneen S 3. y prog
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3.3.5 Mii ntainabi litY, Maintainability engineering shall be in accordance Wth CD 39223.
A maintainability program shall be established in accordance with ML-STD 454, Requirenent 54,

3.3.6 Accessibility. Accessibility shall be in accordance with ML-STD-454, Requirenent
36. Access to all parts shall be fromthe front panel unless otherw se specified. See 6.2(d).

3.3.6.1 Cabl e entrances shall not be in the front of equipment, unless below floor |evel.
Controls shall not be located on covers that nust be renoved for servicing

3.3.7 Tools . Tools needed for calibration, operation, or servicing shall be in accordance
with ML-STD-454, Requirement 63.

3.3.8 Test equipnent. Equi pment shal | be designed such that test equipment required for

calibration, operation, and ,maintenance shall be PReferred Ceneral Purpose Electronic Test

Equi prent as defined by and listed in ML-STD-1364, to the maxinnum extent practicable. Special
purpose test equipment shall be selected from OP 3440 if practicable. The need to develop new
test equipment for use with fire control equi pment shall be minim zed.

3.3.9 Test revisions. equipment shall be designed to Interface with Automatic Test
ATE available at the service location. See 6.2(e). Were ATE is not available or
not applicable, the equi %ment shall include self-test devices to verify proper operation end
indi cate mal functions. arameters essential to proper operation and subject to drift out of
tolerance during normal operation or as a result of operator errorshall be nonitored by appro-
priate self-test devices. Test provisions shallbe in accordance with ML-STD454, Requirenent
32.

3.3.10 Size. Equipnent intended for interior installation shall be no nore than 72 inches
(in.) (1.83 metres) in overa*l height, i ncl uding resilient mounts. Equi pment intended for
interior installation on SUIT AC€ ships shall. be capable of passage t hrough a doorway 26 in.

(720 mllimeteres (MM wide by 45 in (1.14 mjhigh with corners rounded on 8- in. (200 nm)

radii; and through a hatch 30 in. (760 square with corners rounded on 7.5-in. (190 mj radii.
Equi pnent intended for installation in submarines shall be capable of passage through a circul ar
hatch 25 in. (635 mm) in diameter; and through an opening 20 in. (500 M wide and 38 in.

(965Mn) high with corners rounded on 10 in. (255 mm radii.. See6.4.

303.10.1 Equi pment too large to nmeet the above requirements shall be separable into units,
each of which shall meet theaboverequirenent

3.3.11 'y 'H Equi prent wei ght shall be mininized. Each individually housed assembly or
section of rmregt an 100 pounds (45 kilogranms) shall be provided with eye bolts or simlar
lifting devices which will accompdate a 1-inch (26 mm) line. These devices may be either inte-
gral removable.  renovabl e devices shall be stowed in the equipnent and secured so as to
avoi d loss or displacement during operation of the equipment,

3.3.12 Noi se, acoustical. The volume of noise generated by theequi pment shell not exceed
a sound pressure level,ref erenced to 0.0002 nicrobar (20 vpa), of 50 decibels in enclosed areas
and 75 decibels in exposed areas. See 6.2(f).

3.3.13 Encl osures. Enclosures shallbe in accordance with ML-STD 454, Requirnent 55.

3.3.13.1 The degree ofenclosure shall be at |east dripproof forprotected areas and splash
proof for exposed areas. See 6.2(Q).

3.3.13.2 Handl es or bails shall be provided forhandling the equipmentand its sections.
Handl es shall be conpatible with the bards and the service environment Each handle shall be
capabl e ofsupporting the entire weight of the itemto which it is attached, Handles on the
sides ortop of enclosures shall be of a recessed, folding, or hinged design.

3.3.13.3 eclosures Shall be fitted with resilient mounts as specified in the procurenent
docunments invoking this specification. See 6.2(h). Shock-nounted equipment shall be designed
for mounting not closer than 2 in. (50 m) to adjacent bul kheads or obstructions. Resilient
mounts shall be in accordance with those listed in ML-STD-740 and shall be replaceable without
di sassenbling equipnent within the enclosure to which they are e ttached.
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3.3.14 Moi sture pockets. Locations within the equipment which would belikely to collect ‘
moi sture shall Dbe in accordance with ML-STD454, Requirement 31.

3.3.15 Conpressed air. Equipnent requiring conpressed airshall be designed to utilize air
supplied in accordance wth ML-STD-1399, Section 106.

3.3.16 Thermal design. Thermal design shall be in accordance with ML-STD-454 , Requirenent
52 , and ML-STD-1399, Section “204. *

3. 3.16.1 VWater cooling of equipnment shall be in accordance with ML-STD 1399, Section 101.
3.3.16.2 Air cooling of equipment shall be in accordance with ML-STD- 1399, Section 102.

3.3.17 Bal ance. Rotatable and rotating parts, except locking adjustment controls, should be
staticallyand dynanmi cal |y bal anced and supported to prevent damage or unintentional novement
under any environmental condition specified herein or in the procurement documents invoking this
specification. Ifweights arenecessary for balancing, they shall be securely mounted to pre-
vent dislodgement during operational Orenvironmental conditions specified herein or in the
procurenent documents invoking this specification.

3.3.18 [llumination. Al lights required forillumnation shall be dimrer controlled from

zero to full brilliance by optical or electrical neans, either singly or in groups, Edge |ight-
ing is acceptable. \Were observation is necessary forproper operation, illumnation shall be

fromtw or nore sources. Back-lighted dials illuminated by edge lighting shall be made of
material conforming to ML-P-5425. hunt-lighted plastic dials shall not be used.

3.3.19 Lubrication. Mving parts shall have provisions for appropriate |ubrication. Lubri-

cation poi nts_ and systems shal | be arranged so as to prevent the lubricant from escaping or drip-

ping onto an%thi ng ( such as_circuitry/{ whi ch ma?/ be damaged or degraded. Electrical “contacts or

connectors shall not be |ubricated. ccess to lTubrication points requiring regular servicing

shall not require that the equipnent be moved or disassenbled. Lubricants and |ubrication shall

be in accordiance with M L-STD 454, Requirement 43. '

3.3.20 draulics. Hydraulics shall be in accordance with ML-STD-454, Requirenent 49.
Hydraulic flurd shall conformto ML-F-17111 or ML-H 19457,

3.3.21 W ndows.

3.3.21.1 G ass used forprotection ofindicators and readouts shall be clear and present no
di stortion when viewed fromany angle. Provision shall be nade to elininate glare. Prevision
shal| be nmade where appropriate to absorb or remove condensation between surfaces. Qass shall
conformto ML-G 3787, class |, grade C

3.3.21.2 Plastic view ng windows shall not be used.

3.3.21.3 The thickness of glass windows not having to withstand a pressure differential shall
depend upon the mininmum |inear dimension in accordance with the follow ng:

Di mensi on_of W ndow Thi ckness, in. (mm Tol erance, in. (nm
Less than 7 in. (180 0.250 (6) +0.016, -0 (+0.5, -0
7 to 10 in. (180-255 0.375 (10) +0.016, -0 (+0.5, -Q
10 to 15 in. (255-320 0.500 (13) +0.031, -0 (+1.0, -0
More than 15in. (330 0.625 (16) +0.031, -0(+1.0, -0

3.3.21. 4 Wndows shall be installed with gaskets on both sides in accordance with SX 84259,
and shall provide thesamedegree of enclosure as the enclosure inwhich they are nounted.

3.3.21.5 W ndow masks shall be installed directly behind the window and treated with a dull
bl ack finish.

3.3.22 Tuning di al mechanisms. Tuning di al nechani sns shall be in accordance with ML-STTD-

454, Requirement 42. .
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3.3.23 M scel | aneous parts. M scel

the foll owing subparagraphs. Tf nore than one document is listed for a part, the nost appro-

priate one shall apply.

3.3.23.1 Flatted shafts for control knobs shall not be used unless the shaft is an integral
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['aneous parts shall be in accordance with table |

part of a standard part,such as a potentioneter, capacitor, or switch.

3.3.23.2 Gaskets shall be attached so as to prevent their displacenent when the door or cover

over themis renoved.

Table I. M SCELLANEQUS PARTS
Parts Coverni ng documents
Bearings M L- STD- 454, Requirenment 6

Gears aNd cams

Dials and scal es

G omet s

Threaded fasteners
Shafts

Springs

control s

O-rings

Castings

Aluminum al | oy castings

M L- STD- 454, Requirement 48

DUG 264831, DWG264832, DWG 275109, or SK 87448
ML-G 3036, ML-G 20699, or ML-G 22529

M L- STD- 454, Requirement 12

QQ S-764, grade 416

M L- STD- 454, Requirenent 41

M L- STD-454, Requirement 28

MS9386, MS9388, or MS28900

M L- STD- 454, Requirenent 21

QQ A-591, QQ A-596, or QQ A-601

—r

3.3.24 Miterials. Miterials used shall be in accordance with table XI and the follow ng
subpar agr aphs, T rore than one document is Listed fora material, the nost appropriate one
shal | apply.
Table Il. MATER ALS
Material s Governing documents

Fl anmabl e materi al

Fungus-inert material

Organic fibrous naterial
tic-resistant material

Adhesi ves

Electrial Insulators

Desi ccant s

Gasket s: For windows, doors and

Covers . .

Gasket's or packing material for hy-
draulic or pneumatic applications

Gaskets or packing material for
other applications

Dissimlar netals

Ferrous metals and alloys

Aluminum al | oy bars, rods, and shapes

Aluminum al l oy plates and sheets

A um num al | oy tubing

Brass

Bronze

Copper

Copper - beryl I'ium al | oy

Copper - ni ckel al | oy

Copper - ni ckel -zi nc " al | oy

Ni ckel - copper alloy (Monel)

-STD-454, Requirenent 3
-STD- 454, Requirenent %
-STD-454, Requirenment 44
-STD-454, Requirement 26
-STD-454, Requirement 23
-STD-454, Requirement 11
- D 3464

-G 1149, Cass 2 or 3

===
e

M+P-96 or ML-G5514
M L- G 1149, MIL-R-2765, MIL-P-5516, MIL-R-15624,
ZZ-R-765, MIL-S-6855, cl ass | L, or ML-R-900

L- STD-454, Requirenment L

L- STD- 454, Requirement: M

A-200 or QQ A-225

A-250/2, QQ-A-250/8, or QQ A-250/11
T-700/2, WMT-700/4, or WNT-700/6
B-613, QO B-626, QQB-637, or QO B-639
B-728, Q@ B-750, QQC 390, or QQ G450
B-825, or QQ G502

C-530, C-533, or ML-C 22087

-C- 15726 or ML-C 20159

-C- 17112

N-281, QO N-286, or QQ N-288

==

BEBE

e}

=0
—r

3

! or use only where _ozone resistance is not necessary.
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3.3.24.1 Material s which produce toxic gases or are toxic themselves during normal equipnent
operation under any environmentalcondition specified herein or in the procurement documents
invoking this specification shall not be used:

3.3.24.2 Unless specifically required, the following naterials shall NOt DE used. When so
required , their use shall be inaccordancewith the requirenents herein and in the procurenent
documents invoking this specification. See 6.2(i). - ‘

a. Radioactive material
h. Mercury and its conpounds and amal gans
c* Mgnesium and its alloys
d. Zinc alloy die castings _ _ _
e. Adhesive tape, except when appropriate for coil-wapping
f. Wood
Oganic fibrous material _
h. Plastic having cotton fabric base |amnate
i. Cotton or wood flour filld nolding conpounds
3.3.25 Processes and procedures.
3.3.25.1 Metal treatments shall conf_orm {0 those of table Il11. A protective pl atinP or coat -
ing shall be applied to all metals which are not corrosion-resistant except forthe follow ng:
a. Items bathed in |ubricant
h. Interior surfaces of tube, relay, orcoilshields
c. Itens which arepotted, encapsulated, or heretically sealed
d.  Were electrical grounding through the surface is required
Table I11. METAL TREATMENTS
Treat ment Speci fication IAdditionaI requirements
lﬁt_' —e b o
Anodi ¢ treatnent MIL~-A-8625 a use U o 1 Tart oy
' where electrical continuity is not required.
enlcal film RIL-C 5541 shalT_ D€ USed on_corrosion-Tesistant alum num alloy

surfaces where electrical continuity iS required.

CAT om um_pl at 1 ng X C 320

Qo d platin_ g AIL~G-G5208

N ckel plraiing QO-N-290 ‘

Pl at i num sheathing | Shall be no less than 0.003 in. (0.075 mm thick.

Sl Lver _praiing Q0 S- 365 Shal | _not Dbe used where arcing or_corona IS likely,

T at ng MT-T1-10727 ShalT Dbe used forgal vani ¢ decoupling on brass or
bronze bushings and inserts in alumnum

Zinc plating Q@ Z-325 ShalT nof be used on Items In ClOSE proximtiy to

electrical circuitry

type | class 2 [Type |, class 2 plating shall be used on parts exposed
type II, elass™2 ||to 65°C during normal operation or intermttently
type III, class Zlexposed to 1509C for short perioda.

type I1, class 3 {Shall be used co externally threaded parts and Washers.

Cadmum prating QQ-P-415, type II, [Shall not be used on items In close proximity to
class 1 _ electrical circuitry .

[Phosphate coating [HIL-P-13232

3.3.25.2 Parts having riveted or welded lap joints shall be plated after all machining opera-
tions have been conpleted, but before welding or riveting, Plating shall be removed from weld

areas prior to welding. Subsequent to welding operations, the areas from which plating has been
removed shall be replated by hot metal spraying.

3.3.25.3 Bright, reflective finishes shall not be used on exterior surfaces except where
functionally necessary.

10




Downloaded from http://www.everyspec.com
M L- F- 18870E( 05)

3.3.25.4 Painting shall be in accordance with ML-STD 1303. The cleaning and preparation. of
ferrous metaland zi nc-coated surfaces shall be in accordance with TT-C 490. Plastics shall not
be painted unless specifically required. See 6.2(j).

3.3.25.5 Porous plastics or plastics having porous surfaces after machini.ng shal | be coat ed
with varnish conformng to ML-V-173.

3.3.25.6 Structural welding shall be in accordance with MIL-STD-454, Requi rement 13.
3.3.25.7 Brazing shall be in accordiance with ML-STD 454, Requirement 59,

3.4 Qotical design. Optical design shall be as specified in the procurement docunents
invoking this specification. See 6.2(k). Optical terms used herein are defined in ML-STD 1241

3.4.1 Rim edges. Rimedges of all optical parts shall have achanfer of 0.020 to O OL5
in. (0.5t00.35 #ﬁ at 45° #5 |.5%s neasured al ong the face wi dth. Edges neeting at angles
of 135°ormore oredgesf ormi ng a "roof" shal not be chanfered,

3.4.2 Reticles. Letters and numerals shall be fully legible. Stencil-type letters or
nunbers shal | not be used except for perforated retitles. Line breaks of no nore than one-half
the line width are acceptable. For retitles containing more than 15 lines, one break per five
lines or fraction thereof is acceptable. Al lines shall appear of uniform width, and the
intersections shall appear sharp. Hlet radii at the intersections of reticle lines shall not
exceed the line width.

3.4.2.1 The brightness ofany defect shall not exceed that of the illumnated reticle.

“

3.4.2.2 Parallelismof reticle flat surfaces shallbe within 5 minutes of arc (1.5 nrad) in
deviation of the Iight path. v

3.4*3 Optical elenment padding.  Shims, wedges, or peening under or around optical elenents
shal| not be used unless specifically approved by the procuring activity. See 6.2(1).

3.4.4 Qotical element defects. Al polished surfacesshal | be free of adhesions, grayness,
scratches, pits, stains, or other defects that are visible in the field of vieworwhich inpair
optical performance .

3,4.4,1 Scratches, digs, and bubbles shall not exceed the limts specified in ML-0 13830.

3.4.4.2 Lenses may have edge chips which do not encroach upon the free aperture of the Iens,
provided the chips do not interfere with the sealing of the lens In the mount or increase the
likelihood of breakage. The surface of chips larger than 0.02 in. (0.5 nm across their

| argest dimension shall be "stoned' 'to roughen them and |essen reflections and additional

chi ppi ng.

3.4.5 Diopter setting. Fixed-focus eyepieces shall have a diopter setting of -2.7 ¥3 0.3.
3.4.6 Resolution, visual, In t he center of the field, the limt ofresolution, defined as

the angle separating the centers of the nost closely-spaced-lines seen separately and distinctly
through the optical system shall not exceed the greater of:

a.60divided by the magnification of the instrument. or o
h. 145 divided by the diameter of the entrance pupil-in nillinetres ( 5.7 divided by
the diameter of the entrance pupil in inches)

Wen the linit of resolution is neasured in seconds ofarc. Ifthelinit of resolution is
measured in mcroradians, it shall not exceed the greater of;

a. 300 divided by the magnification of the instrument, or

b. 700divided by the dianmeter of the entrance pupil in millinetres (28divided by
the dianmeter of the entrance pupil in inches).
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3.4.6.1 Unless the exit pupil of the instrument is leas than 0.05 in. (1.3 mj in dianeter,
an auxiliary telescope shall be used between the eyepiece of the instrument end an observer's
eye. The auxiliary telescope shall be of such magnification. that the exit pupil of the conbina-

tion is not greater than 0.05 in. (1.3 mj.

3.4.6.2 The optical system shall be free of visible chromatic aberration, coma, and astigna-
tism The loss ofresolutionat increasing angles fromthe center affield shall not be appar-
ent \Wen the eye is focused at the center of the field. Radial distortion of images shall not
be noticeable or cause the reticle divisions to fall outside the specified angular tolerance.

3.4.7 Resol ution, photographic. The resolution of photographic |enses together with
(K}lrﬂerSTngtégal characteristics, shall be in accordance with the applicable requirenents of

3.4.8 Stray light, No stray or scattered light or reflections from surfaces within the
optical instrument shall be visible in the field of view or enter the exit pupil or be visible
inthe vicinity ofthe exit pupil. Al internal surfaces of parts from which stray or scattered

light mght be reflected shall be treated to avoid such reflections, and darkened in accordance
with ML-P-18317. ‘

3.4.9 Line of sight shift (LOSS). Variable focus optical instrunents having cross-line
retitles or the equivalent and designed to focusonobjects between optical infinity and short
distances (e.g., a few hundred yards and a few feet) shall be designed fora mni mm val ue of

LOSS, commensurate with operational requirements. The value of LCSS shall notexceed the val ue
specified in the procurement documents invoking this specification. See 6.2(n).

3.4.9.1 LOSS is defined as the change in the line of-sight direction as the instrument focus
is changed with the instrument otherwise fixed in position. There is a line ofsight,. defined
as the rmaginary line between the center of the reticle and Its projection on the object plane,
for each object distance between optical infinity and the minimm focusdi stance. |pan ideal
instrument, all these lines Wuld be colinear. In real instruments, the nechanism for accom

- plishing a change In focus is less than perfect, with the result that each line of sight is in
a slightly different direction. One line ofsight is taken as the reference, and the angle that
any other line of sight ‘makes with the reference is the LOSS for that object distance. Usually
the reference line of sight is that for the shortest focus distance.

3.4.9.2 The reference Iine of sight shall be as specified in the procurenment docunents
invoking this specification. See 6.2(n).

3.4.9*3 The optical instrument shall include one or nore external reference surfaces or the
equivalent to pernit testing the instrument for LOSS in accordance with the nethod specified
herein or in the procurement docunents invoking this specification. See 6.2(0). At least one
such surface orits equivalent shall be provided to insure that as the instrunent is rotated
through its range, the optical center of the objective lens or the equivalent remains coincident
with the axis of rotation. The design pertaining to the external reference surfaces or equiva-
lent and their function in testing fur LOSS shall be as specified in the procurement documents
i nvoking this specification. See 6.2(p). ,

3.4.10 Refl ecting surfaces.

3.4.10.1 First surface ref | ectors on gl ass or ot her dielectric shall be of evaporated al um -
numor equivalent. There shall be no visible discontinuities that adversely affect the field of
viewas seen with the eye in the normal viewng position. Firstsurface mirrors shall be PrO-
tected by an overcoat of silicon nonoxide free ofholes, foreign matter, or perceptable varia-
tions in'density. A magnesium fluoride protective coating of equivalent unifornity may be used,
when approved by the procuring activity, if silicon monoxide is inpractical. See 6.2(q). Coat-
ings shall be in accordance wth ML-M13508. The white light reflectance of any first surface
reflector shall be notlessthan 87.5 percent.

3.4.10.2 The backing for a first surface reflector shall be optical glass or anneal ed heat-
resistant glass having a | ow coefficient ofthermal expansion.

3.4.10.3 Coated internal reflecting surfacs shall be chenically deposited silver. Such sur-
faces cmthe outside of a prismor nirror shall be backed with copper and an outer black finish.
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T?e unifornity of the surface shall be such as to cause no discernible unevenness in the field
of view.

3.4.10. 4 Partially reflecting surfaces shall bhe of evaporated alum num titanium dioxide or
equival ent material. Wen evaporated aluminumis used, the surface shall be protected as speci-
fied forfirst surface reflectors.

3.4.11 Cleanliness. The optical surfaces shall be clean and free of condensates and vol a-
tile substances.

3.4.12 Lubricants.  Lubricants and dust retention greases shall not be used in optical

i nstrunents.

3.4.13 Lens caps. Caps shall be provided for exposed |enses and w ndows.

3.4.14 Filters, optical. Optical filters shall not alter the line of sight alinenent by

nore than 30 percent of its specified tolerance.

3.4.14.1 Col or filtersshal | be in accordance with ML-F-21241 and shall be selected from
those |isted on SK LD132263.

3.4.14.2 Polarizing filters shall be in accordance With M L-F-21424 and shall be selected
fromthose listed on Drawi ng 230989.

3.4.1403 Variable density filters shall consist of an assembly containing both a fixed and a
rotatable polarizing filter. Aclearglass correction plate shallbe positioned in the line of
sight when the filter assembly is rotated out ofthefield, if necessary to avoid refocusing
when changing from “clear” to variable density”. In the filter assenbly the rotatable polariz-
ing filter shall be nearer to the eye. When the planes of polarization of the two plates in the
assenbly are parallel, this commn plane shall be oriented so as to:

a. Reduce surface glare in thetarget field to a ninimumif there are no optical elenents
between the fixed pol arifetr and the target which cause nonuniformity in the illunination of the
exit PUPIT aS a resull ofrotation of the plane of polarization, or

b. Reduce surface glare and produce a uniformy illumnated exit pupil when the incident
light is plane-polarized in the horizontal or vertical plane and ifthen is an optical elenent
between the fixed polarizer and the target which causes nonunifornmity in the illunination of
the exit pupil asaresult of rotaionof the plane of polarization.

3.4.14.3.1 A single-knob control shall be provided for variable density filters. Rotation of
the knob shall nove the filter into and out of position for use and shall also adjust the den-
sity of the filter between maxinum and minimum An overrun of approximtely 5° at each end
shall be provided. Wen the knob is rotated to remove or insert the clear correction plate, the
pol arizer pair shall be oriented at mininmum density.

3.4.15 ptical materials.

3.4.15.1 Optical glass shall be in accordance with ML-G 174.

3.4.15.1.1 Wndow glass for use with telescopes shall be parallel to within 1 ninute of arc
(0.3 nrad), equivalent to 30 seconds of arc (0.15 nrad) image deviation, with a surface figure
of not over one fringe for dimensions up to 6 in. (150 nm) and not over one fringe for any cir-
cular area up to 6-in. (150-mm) radi us.

3.4.15.2 Transparent plastics shall not he used in optical systems except for reticle illum-
nators

3.4.15.3 Etch optical surface shall be coated with a reflection-reducing filmin accordance
with ML-C 675 wth the followingexceptions:

Surfaces in a focal pl ane.

Surfaces of elements bearing reticle graduations.

Surfaces to be cenented.

Reflection surfaces (including total internal reflection surfaces).

coop
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e. Suraces exposed to the action of a window wiper.
f. Col or, neutral.orpolarizing filters.

3.4.15.4  Cement used foroptical instruments shall be thermosetting adhesive in accordance
Wth ML-A-3920, Canada Balsam in accordance with ML-C- 3469 cellulose caprate, or epoxy type,
as specified in the procurement documents invoking this specification. See 6.2(r). Epoxy

cements or similar compoundsmay be used to support parts within replaceable assenblies. . The
cenent filmbinding optical elenents shall be free of ford particles, bubbles, cement starts, *
| kiness, or other defects which reduce t he effectiveness oftheoptical instrunent. Excess
cenent shall be ,renoved fromthe exterior ofparts. No reagent shall be used which could be
absorbed into the cenent filmand cause cenment starts or other defects, or subsequent deteriora-
tion ofthe cenent film

3.5 El ectrical desian.

305.1 Standard Hardware Program The design of, fire control equipment shall enploy the
Standard Hardware Pr 0gram to the maximum practicable eXt ent y I N accor dance with ML-STD 1378.
El ectronic nodul es used or developed for use with the Standard Hardware program shall be in
accordance with ML-STD-1389. and M L- M 28787.

3.5.2 Electromagn etic compatibility. The equi pment shall be in accordance with MIL-STD-
454, Requi rement 61 anb M-S 5%399, Sections 401, 408, and 409. See 6.2(s).

3.5.3 G oundi ng and shi el di ng

3*5.3.1 Nei ther the chassis nor the enclosure shall be used as a circuit” ground. All
grounds within a subassenbly or conponent shall be routed to a single commn ground connection
within the respective subassenbly or conponent. The ground terminal ofeach subassenbly or com
ponent shall be routed to a common ground connection the the enclosure which, in turn, wll be
routed to the ship structure. Miltiple ground terminals on ternminal boards and individual
grounding of transmission line shields are pernmissible.

3.5.3.2 Bonding straps of braided or woven copper wire, or a solid strap, shall be provided
to bond all enclosures electrically to the ship structure. The method used shall be uniform
throughout the equi prent.

3.5.3.3 Devices affected by magnetic fields, such as cathod-ray tubes, shall be suitably
shielded to mnimze the effects of such fields likely to be encountered at the service location
ofthe equi pment.

3.5.3.4 The number of nechani cal discontinuities in the enclosures shall be nininized. Al
discontinuities,. such as covers and doors, shall be electrically continuous across the disconti-
nuity. Miltiple-point, spring-loaded contacts are a desirable nethod of obtaining |ow inpedance
electrical continuity. Electrical bonding shall be provided where access doorszw or cover plates
forma part of the shielding. Hnges, in themselves, are not acceptable as electrical bonds.
The mating surfaces ofthe chassis, enclosure and mounts shall be free of insulation in order
to allow a continuous electrical bond between these items and to enable the installing activity
to acconplish bonding contact.

3.5.4 El ectrical power sources.

3.5.4.1 Unl ess otherwi se specified, the equipnent shall be designed to utilize a 440-volt,
3-phase, 60 H power source inaccordance With ML-STD-1399, Section 103. See 6.2(t).

3.5.4.2 Théuseofbatteries shall be in accordance with ML-STD-454, Requirenent 27.
3.5.4.3 Electrical power plugs and receptacles shall be in accordance with ML-R-2726 and

shall be identified to indicate the type of power involved.

3,5.5 Electrical power source |oading. Wen power with alternating current as specified
herein, the equrpment, 1n any nornal operaiing node, shall draw nocurrent” at any frequency be-
tween the 2nd and 23rd harmonic at an anplitude greater than 3percentQfthe rated |oad curent

andnO current at any frequency between the 23rd harnonic and 20kHz at an anplitude greater
than 1700/ n"percent ‘of the rated |oad current, where n is the order of the harmonic.

14
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3.5.6 Viar nu The equi pment shall be designed to reach stable operation afterno nore
than 30 mi nurfe‘s_gf‘ warrmup tinme when supplied with the specified input power under anY environ-
nental situation specified herein or in the procurenent documents invoking this specification.

3.5.7 Circuit and conponent protection.

3.5.7.1 Electrical overload protection shall be in accordance with ML-STD 454, Requirenent 8.

3.5.7.2 . Were practicable; circuit breakers in accordance with ML-STD 454, Requirenent 37,

. shall be used inlieu of fuses, A circuit breaker shall not be used asa switch.

3.5.7*3 Fuses, fuseholders, andassociated hardware shall be in accordance with M L-STD-454,
Requirement 39. At least one spare fuse of each type and rating used in the equipment shall be
provided and secured in an easily-accessible location, and identified in an appropriate manner.

3.5.7.4 Electronic circuits that would be damaged by the application ofoperational voltages
without a sufficient warmup period shall include circuitry to delay the application of such vol-
tages after primary power is applied.

3.5.7.5 Electronic parts and materials which are to operate atenperatures above anbient
shall be appropriately derated in accordance with ML-STD 454, Requirement 18.°

3.5.7.6 Corona and el ectrical breakdown prevention shall be in accordance with M L-STD 454,
Requi renent 45.

3.5.8 Wring practices.

3.5.8.1 Stuffing tubes shall be used where applicable to preserve the degree ofenclosure at

the point of entry of each cable. Al stuffing tubes for an enclosure shall be mounted on a
plate having enough spare area to accormodate an additional stuffing tube of the largest size
mounted thereon. ~This plate shall be on either of at least two sides ofthe enclosure. The
unused stuffing tube mounting pl ate areas on the enclosure shall be covered with blank plates of
the same configuration as the stuffing tube plate.

3.5.8.2 The equi prment shal | be equipped with suitable provisions for interfacing properly
with data input and communication facilities at the service |ocation, and shall be in accor- .
dance with ML-STD-1399, Sections 502 and 505. See 6.2(u).

3.5.8.3 Internal wiring practices shall be in accordance with ML-STD-454, Requirenent 69.

3.5.5.3.1 Neither side (o phase) of the inFut power |ine shall be used as an enclosure or
circuit ground. Al shipboard AC power is electrically "floating"

3.5.8.4 Synchro wiring shall be in accordance with ML-STD-1399, Section 702.
3.5.8.5 Printed wiring shall be inaccordance with ML-STD-454, Requirement 17.
3.5.9 Munting ofparts.

3.5.0.1 Cat hode-ray indicators shall be nmounted so the visual axis, during normal operation,
is perpendicular to the face of the indicator at its center. Range rings, angular bearing |ines,
and and markings shallbe easily definable and shall be spaced in accordance with accuracy
requirenents. Background brightness and surface reflections shall be mninized and viewing*
hoods provi ded in high anbient light areas.

3.5.9.2 Circuit and terminal boards shall be nmounted in such a manner that no relative nove-
ment between the board and frame occurs during normal operation, Circuitryand parts on circuit
boards shall clear all frame parts and other boards by a suitable distance for the voltages
involved. Replaceable boards shall be provided with a means of renoval which allows removal

wi thout damage to board, frame, or parts mounted on theboard. Circuit boards shall not be
secured solely by connectors.

3.5.9.3 Electronic or electrical partsshall not be nounted on other electrical parts. Part
binds, at terminals or elsewhere, shall not be connected directly to other part |eads. Part
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wei ghing nore than one-hal f ounce (15 grams) shall be supported by meansotherthan their |eads.

3.5.9.4 Readouts and neters shall be removable from the front of the panel in whi ch they are
mounted and their leads shall be iongenough to allow renoving the readout or meter without
di sconnecting it.

3.5.9.5 Eachpart, nmodule, O assembly which maybe removed or replaced during normal ser-
vicing or mintenance shall be nounted wingel ectrical connectors and hardware which allows
nondestructive disconnection and reconnection.

3.5.9.6 Indicator lanps and fuses shall bereplaceable fromthe front ofthe panel in which
they are mounted. ‘

3.5.10 Potting, inpregnation, and encapsul ation.

3.5.10.1 Al enclosed coils end transformer windings shall be potted to insure positional
stability, except when electrical characteristics would be adversely affected. Priorto pot-
ting, the coils shall be treated to remove noisture and foreign substances.

3.5.10.2 All coils and windings except those which are potted or are contained in hernet-
ically sealed cases shall be dried and inpregnated with insulating varnish. The varnish shall
compl etely cover.the wiring wapping, and coil formto create en unbroken film

3.5.10.3 Encapsul atI m and embednent (potting) shallbe in accordance with M L-STD 454,
Requi rement  47.

3.5.11 El ectrical interconnections.

3.5.11.1 Electrical soldering shall be in accordance with M L-STD 454, Requirenent 'S.

3.5.11.2 Resistance welds for electrical interconnections shall be in accordande with
M L- STD- 454, Requirement 24.

3.5.12 Electrical and electronic Parts and materials. Electrical and electronic parts and
materials shalT be In accordance with the appropriate docunents listed in table IV, and the fol-
| owi ng:

Fluorescent lanps shall not be used as indicators.

Operating tinme meters shalbeincorporated as specified inthe procurement
docunents invoking this specification. See 6. ng). .
c. Synchros shall be in accordance with ML-STd-1399, Section 702.

3.6 Marking. Marking shall be in accordance with ML-STD-454, Requirenent 67 and the
fol | owi ng subparagraphs.

3.6.1 Symbols _and t erminol ogy. symbols andterminology shall be in accordance with
OP 1700 and M L- STD- 1399, ion 501.

a.
b.

3.6.2 Dials and scales.

3.6,2.1 Dial and scale markings shall be direct reading and shall not require the use of
calibration curves or conversion charts.

3.6.2.2 Dial and scale markings shall be in accordance with M L-STD 725.

3.6,2.3 Where verniers are enployed to subdivide scal e divisions,the marking and nunbering

shal | have continuity throughoutthe di al range.

3.6.2.4 Dials and salesshallbe nounted so that at least three identifying graduation
synbol s are visible at any setting or reading.

3.6.3 Optical elements. Optical elements cenented with cellulose caprate shall be marked
‘cc”ont he edges.
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Table 1V
Electrical and Electric Parts and Materials
Partor materi al Governing docunent
Electron tubes ML-STD-454, Requirenent 29
Sem conduct or devices . M L- STD- 454, Requi rement 30
M croel ectronic devices M L- STD- 454, Requirenment 64
Resi stors : ML-STD-454 | Requirenent 33
Shunt s M L- STD- 454, Requirenent 40
Capacitors M L- STD- 454, Requirenent 2
Transforners, inductors, and coils M L- STD- 454, Requirenent 14
Transformers, synchro over | oad ML-T-16387
Coils, deflection and focusing, CRT M L- C 18388
Sol enoi ds M L- S- 4040
Rel ays M L- STD- 454, Requi renent 57
Swi t ches ML-STD- 4534, Requirenment 58
Controllers and master switches M L-C 2212
Electrical connectors M L- STD- 454, Requirenent 10
Sockets, shields, and clanps M L- STD- 454, Requirenent 60
Conveni ence power outlets W C- 596
Terminals, termnal boards, and termnal strips M L- STD- 454, Requirenment 19
Canps and supports, cable 0D 13726 and BuSH PS STD 9000- S6202- 73980
Canp, cable entrance, nonwatertight W F- 406 .
Crystal units, quartz M L-STD-454 , Requirenent 38
Filters, electrical M L- STD- 454, Requirenent 70
Mbtors, dynamptors, rotary power converters, and M L-STD-454, Requirenent 46
rotor generators
Rotary servo devices . M L- STD-454, Requirenent 56
Gyroscopes, rate integrating ML-G 81168
Meters, electrical indication, and accessories M L- STD- 454, Requirenent 51
Readout s M L- STD- 454, Requirenent 68
Indicator lights M L- STD- 454, Requirenent 50
Filters , indicator lanp M L- P- 5425
Wavegui des and related equi pment M L- STD- 454, Requirenent 53
Wre, magnet J-W 1177
wire, hookup, internal M L- STD- 454, Requi rement 20
Cabl e, multiconductor M L- STD- 454, Requirenent 66
Cable, nulticonductor, interconnecting MIL-STD-454, Requi rement 71
between units
Cabl e, coaxial (RF) M L- STD-454, Requirenent 65
Cabl e, nonflexing ML-C 21609 and OD 13726
3.6.4 Lubrication points. Lubrication points shall be mar ked as such.
3.6. S Mtor rotation. Mtors shall be marked in a permanent manner to indicat e the

direction of r ot at | on. B di rectional

3.6.6 Interior wires.

motors shal |

be identified as bidirectional.

Except for junpers on a termimal strip or connector, each wire

within an enclosure o unit of the qui pment shal|l be uniquely identifiable. Interior wires

shall be identified by one ofthe follow ng methods:

Having the wire designation printed on the wire at intervals along its entire |ength,

h. Being color-coded along its entire Iength,

or

a. Having appropriately marked white plastic sleeves over the wire at each end.

3.6.6.1

nations for the two points connected by the wire,

when nethod aorcisused, the Identification shall

consi st of the terminal
The marking shall be arranged so that the

desi g-

designation of the termnal to which an and of the wire is connected is closest to that and.

Intrasystem wiring and cabling connecting equi pnent under the cognizance of the same Navall Com-
mand, within the same conpartment, nount, or directors andwherethe cable |ength Is no greater
than 50 feet(16 nmetres), shall be identif ied by nmethod C.

| DN TN Sadin UL o e T
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3.7 Nomenclature. The nomenclature for fi re control equipnent shall be in accordance .
with OR-1.
3.8 Environnental requirenents. Fire control equipnent shall be designed to withstand

the environmental conditions specifred herein, in the procurenent documents invoking this speci-
fication, and inML-STD-1399, Sections 301 and 302, without damage or performance degradation
beyond specified tolerances See 6.2(w).

3.8.1 Tenperature, ambient, operating. The equipment shall operate nornally at any anbi-
ent tenperature In the operating tenmperature range specified after a warmup period ofno nore
than 30 minutes. See 6.2(x). ‘

3.8.2 TeFerature storage nonoperating. The equi pment shall not be damaged nor its per-
formance degraded after exposure to any tenperature between - 62°C and 75°C for a period of not
less than 72 hours, or by exposure to a tenperature change of135°C over a period of 10 minutes.

3.8.3 Altitude,nonoperating. The equi pment shall not be damaged nor its performance
degraded after exposure to an altitude of 60,000 feet(18km)fornot |ess than 8 hours.

3.8.4 Sea pressure (submarine). AnyParl, accessory orstructural member of an equi pnent

intended for submarine use which may be exposed to external sea pressure shall be capable of

withstanding a continuous hydrostatic pressure of 700 pounds per square inch (4.9 HPa) without

S/Iamage or leakage, and shall be in accordance with the subnersible enclosure requirenents of
L- STD- 108. '

3.8.5 Shock, mechanical. The equi pment shall not be damaged noritsperf or mance degraded

after being subjected to the Grade Ashock tests of MIL-5-901 as applicable for the particular
equipnent specified. See 6.2(y).

3.8.6 Vibration. The equipnent shall nut be damaged norits performance degraded during
e xposure to The vibration tests of ML-STD-167, as applicable for the particular equipment
specified. See 6.2(z). ‘

3.8.7 Sal t atnosphere. The equipnent shall not be damaged nor its performance degraded by .
exposure to [he 'saltl ainosphere” associated with sea water. ‘

3.8.8 Ice load. Equipment exposed to the elenents shall operate normally with an ice |oad
of not less than 4.5 pounds per square foot(22 kg/nf) on all surfs-s subject to the formation
of ice.See6.2(f). -

3.8..9 Wnd load. Equipment exposed to the elenents shall not be damaged by winds of up to
100 knots (50 m/s)andshall operate normally during exposure to winds ofnot |ess than 75
knots (40 m/s). See 6.2(f).

3.8.10 Sol ar_radiation. Equipment exposed to the sun at its service location shall not be
damaged nor Tis performance degraded by exposure to solar radiation as defined in MIL-STD-210.
See 6.2(f).

3.9 Life, oEerating. The equi prent shal | operate normally without the need for mainte-
nance for not Tess than 200 continuous hours. The equipnent should be designed to have a nini-
mum operating |ife of12,000hours, given normal maintenance.

3.10 Wrkmanship.  Workmanship shall be in accordance with ML-STD-454, Requirenent 9.
4 QUALITY ASSURANCE PROVI SI ONS
4.1 Responsibilityf or inspection. Unl ess ot herwi se specifiedinthe contract or pur-

chase order, The supplTer Is responsible for the performance of allinspection requirements as
specified herein. ‘except as otherwi se specified in the contract or order, the” supplier may use
his own or any other facilties suitable for the performance of the inspection requirenents
specified herein, unless disapproved by the Government. The Governnent reserves the right to
performany of the inspections set forth in the specification where such inspections are deemed
necessary to assure suppl i es and services conformto prescribed requirenents.
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4.2 Classification of inspections. [Inspections specified herein are of two types:

a. First article inspection. See 4.4
b. Quality conformance inspection. See 4.5

4.3 I nspection conditions. Unless otherwi se specified, the conditions specified in the
fol I owing subparagraphs shall exist during inspections.

4,31 Anbi ent condi ti ons.

a. Tenperature: 25° + 5°C _
b, Humdity: 55 + 30 percent relative
¢t Pressure: normal atnmospheric

4.3.2 - Attitude. The equi pnent shall be tested in the attitude it woul d assume at its ser-
vice location on a camsea. See 6.2(f).

4.3.3 Power. The equipnent shall be supplied with electrical power froma source capable
of supplying TulT load current at nominal voltage and frequency. The power source shall min-
tain its output voltage within 2 percent ofnominal and its frequency within O 1 percent of
nom nal under all load conditions. When supplying full had current,” the power source out put
shal| have a harnonic voltage content at an?/] harmoni ¢ fromthe 2nd to the 23rd not exceeding
0.75 percent of the fundamental and fromthe 23rd harmonic through 20kHz not exceeding

425/n"percent ofthe fundanental, where n is the order of harnmonic. See 6.2(t).

4.4 : First article inspection.

4.4.1 samples. Each first article shall be inspected. See 6.2(h).

4.4.2 Procedure. Unless otherwise. specified, the first article sanples shallbesub-

jected to the first article inspection of table Vin the order listed and using the test proce-
dures specified therein. See 6.2(aa).

4.4.3 Failures. The failure of any first article sanple to neet any requirement specified
herein shall-e fordenial of production approval.

4.5 Quality conformance Inspection.

4.5.1 Saﬁgl es. Unless otherwise specified, each fire control equipnment submitted for
acceptance sha e inspected (100 percent inspection). See 6.2(ab).

4.5.2 Procedure. Unless otherwi se specified, thequality conformance sanples shall be
subjected to the qu‘allltJ conformance inspection oftable V In the order listed and using the
test procedures specified therein. See 6.2(ac).

4.5.3 Failure of a sanple. The failure of aquality conformnce inspection sanple to meet
any requirement specified herein shall be cause for rejection of that sanple and may be cause
forrevocation of production approval.

4.6 Test pr ocedur es.

4.6.1 Preparation for delivery. The material and procedures used to prepare the equip-
Ment for deiivery shal T _De exam ned 1or confor mance to the requirements of section 5 herein.

4.6.2 Size. Each equi pment enclosure shall be neasured to determine conformance to the
requi renents of 3.3.10.

4.6.3 \\i ght . Each equi pnent encl osure shall bewei ghed and examined to det ernine con-
formancet o the requirenents of 3. 3. 11.

4,6.4 Configuration, parts, and waterials. The equipment sball be exanined to determine

conformance to requirements concerming conflguration, parts. and materials specified in secticn

3 hereinand in the procurement documents invoking this Specification. see 6.2(C). Assean ed

equipnent shal | be prepared for this exanination by being exposed as for servicing, Wth al
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Table V
EXAMINATIONS AND TESTS
Nane of examination or ) Order of examdinations and tests
test and requirement Requi r enent Method” First article| Quality conformance
Preparation fordelivery 4.6.1 1
Size 3.3.10 4.6.2 1
\Viei ght 3.33.1 4.6.3 2
Configuration, parts, materials | 3.3 to 3.7,
3.10, 6.2(c) 4.6.4 3 2
armup, el ectri cal 3.5.6 4.6. S 4 3
erformance, detailed 6.2(¢) 4.6.6.1 5
Perfornmance, overall 6.2(¢) 4.6.6.2 4
oi se, acoustical 3.3.12 4.6.7 5
| ectromagnetic conpatibility 3.5.2 4.6.8 7
ower source |oading 3.5.5 4.6.9 8 6
Power source variations 3.5.4.1 4.6.10 9 7
Al'titude 3.8.3 4.6.11 10
Shock, mechani cal 3.8. S 4.6.12 11
Vi bration 3.8.6 4.6.13 12
Tenperature, storage 3.8.2 4.6.14 . 13
Tenperature, operating 3.8.1 4.6.15 14
Hum dity 3.8 4.6.16 15
Salt atnosphere 3.8.7 4.6.17 16
Sea pressure 3.8.4 4.6.38 17
IDegr ee of encl osure 3.3.13.1 4.6.19 18
erformance, overall 6.2(¢) 4.6.6.2 19
ce load 3.8.8 4.6.20 20
iind load 3.8.9 4.6.21 21
E:titude 3.8 4.6.22 22
her specified tests 6.2(ag) 4.6.23 23
performance, detailed 6.2(c) 4.6.6.1 24
lar radiation 3.8.10 4.6.24 25
L ife, operating 3.9 4.6.25 26

doors, panels, covers, chasses, assemblies, and modul es opened, renoved, or exposed, as appro-
priate forathorough visual examnnation.

46. S \Warmup , electrial. The equipment shal | be energized with electrical power as
speci fied Tn 354 usinga power source specified in4.3.3,shal | be allowed to warm up for
35 + 5 minutes, and shall then be nonitored for overall performance in accordance with 4.6.6.2.

4.6.6 Performance testing. Performance, or operational, testing shall be performed when
required to deteermne whether the equipment is capable ofacconplishing its intended purpose.

4.6.6.1 Performance, detailed. The equipnent shall be operated using all nodes, settings,
and ranges of 1ts controls and Input signals necessary to determine conformance to the specified
performance requi rements. See 6.2(c), (u). For this test, input signals typical ofthose which
would be received inservice shall be supplied, and shall include enough variety to exercise all
specified equipment functions. Equipment output signals and internal parameters shall be noni- .
tored to deternine ﬁroper operation. The test procedure shall be as specified in the procure-
ment docunents invoking this spcification. See 6.2(k), (o), and (ad).

4.6.6.2 Performance, overall. This test is intended to indicate the occurrence of opera-
tional damage or rnparrment as a result of testing. This test should be sinple and easy to set
up, and should be in the form of continuously monitoring critical parameters whose deviation
from tol erances would indicate inpending or actual failure. See 6. 2(ae).

4.6.7 Noi se, acoustical. The equi pment, operating in its loudest mode, shall be noni -
tored for acoustic noise Tevel in. accordancswith MIL-STD-740.
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4.6.8 El ectromagnetic conpatibility. The equipnent shall he tested for electromagnetic
enissions and susceptibility in accordance with ML-STD-454, Requirenents 61. See 6.2(s).

4.6.9 Power source |oading The equipnent shall be operated in the the producing the

hi ghest input voltage harmonics. while supplied with power from a source in accordance with 4.3.3 .
herein. The har moni ¢ vol tage content of the input power shall be determined at all frequencies

up to 20 KHz.

4.6.10 Power source variation. The equipment shall be supf)lied with power froma source
capabl e og)row ding the varrations specified herein, shall be allowed to warmup, and shall be
subj ect ed tothe overall per f or mance test of 4.6.6,2. The power soure shal| then be varied as

described herein foraperiodof not |ess than 6 hews, during which tine the overall perfornmance
of the equipnent shall be nonitored in accordance with 4.6.6.2. Each characteristic being varied
shall continue for the remainder of the test in the varying condition .The Variations from
noninal specified herein represent deviations to be expected from shipboard power supplies, end
aredescribed in ML-STD-1399, Section 103. When the following procedures refer to “limts
specified”, the linits specified in ML-STD-1399, Section 103 shall be utilized,

4.6.10.1 The line-to-line voltage shall be continuously cycled between the limits specified,
each cycle taking 4 + 0.5 minutes, The cycling shall continue for not Iess than one hour.

4.6.10.2 At the start of the second hour an unbalance, of the linmts specified, shall be
introduced between phases. Single-phase power is exenpt fromthis portion of the test. This
phase unbal ance shall continue for not |ess than one hour.

4.6.10.3 At the start of the third hour, arr]tJ]Iitude nodul ation ofthe limts specified shall
be included, and shall continue for not |ess than one hour. ,

4.6.10.4 Atthe start of the fourth hour, the frequency shall be cycled between the limts
specified, each cycle taking 3 + 0.5 minutes. This cycling shall continue fur not |ess than
one hour. ‘

4.6.10.5 At thestart ofthe fifth hour, transientsofthe type and linits specified shall be
introduced once every 5 + 0.5 minutes. A total of thirteen such transients shall be epplfed.

4.6.10.6 Atthe start of the sixth and last hour, the sinusoidal waveform of the power source

shallhbe distorted to the linits specified, and the distortion shall continue for not |ess than
one hem

4.6.11 Altitude. The equipment, not energized, shall be subjected to reduced atmospheric
ressure (55 mm HG or 7.3 k pa) corresponding to an altitude ofnotlessthan 60,000 feet (18km)
for not less than 8 hours, and shall then be examned for nechanical damage.

4.6.12 shock mechani cal . The equipnent, not energized, shall be subjected to applicable
shook t(es)ti ng In accordance with MIL-S-901, and shal | then be exanined for mechanical damage,
See 6.2(y).

4.6.13 Vibration. The equipnent shall be energized and allowed to warm up in accordance
with 4.6.5, ‘1 be nonitored for overall performance in accordance with 46,62 forthe
duration of this test. The operating equi pment shall be subjectedtotypelvibration testing
applicable to the equipnment in accordance with ML-STD- 167, and shall then be exanm ned for
mechanical damage. See 6.2(z).

4.6.14 ~ Tenperature, storage. The unenergized equipnment shall be placed in a tenperature
chanmber Maintained at -62° t 0°, -5°C for not less than 72 hours. After this cold storage, the
equi pnent shall be transferred to a tenperature chanber nmaintained at 75'+3c The transfer

shal [ beconpleted within 10 minutes. The equi pment shall remain in the hot chanber for not |ess
than 72 hours.

4.6.34.1  Afterthe72-hour hot storage period, the €qui pment Shall again be transferred,
within 20mnutes, to the cold storage chamber of 4.6.14, where it shall remain for not |ess
than 4 hours. In this manner, the cold-hot cycle shall be repeated four times after the initial
144-hour cycle, except that the repeated cycles shall consist of not |ess than 4 hours at e ach
tenperature extrene.
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\
4.6.14.2 At the condusion of this test, the equipment shall have been in cold storage for -
not less than 88 hours, inhotStorage for not less than 838 hours, and will have been transfer-
red from one tothe other nine times. Afterthe |ast 4-hour hot storage period, theequipnent

shall be returned to room tenperature and left for notless than 4 hours hbefore further t esting.

4.6.15 Tenperature, operating. The equipnment shall be placed in a tenperature chanber at
room tenperatures energized and warmed up in accordancewith 4.6.5, and shall be nitered
for overall performance in accordance with 4.6.6.2 for the remainder of this test.

4.6.15.1 The tenperature shall be lowered in 10° + O 5°C increnents every 30+_5 minutes
until the |owest specified operating tenperature +0°, -5° Cis attained. This tenpérature shall
be obtai ned for not |ess than 24 hours. See 6.2(X).

4.6.15.2 The tenperature shall then be raised in 10°+ 0.5° Cincrement every 30+05min-
utes until the highest specified operating tenperature +0°, -So Cis attained. This tenmperature
shal | be maintained for notlessthan 4 hours. See 6.2(x).

4.6.15.3 The tenpature shall then be |owered in 10° + 0.5° Cincrements every 30 + 5 min-
utes until room tenperature is attained, after which the equi pment shall be operated fornot
| ess than 4 hours.

4.6.16 Hunidity. .

4,6.16.1 The equi pment, exposed as forservicingand notenergized, shall be dried for notrv
less than two hours at a tenperature of 45°+ 5° C and at relative hunidity not exceeding 30
percent in a suitable tenmperature-hunidity chanber.

4.6.16.2 The equi pment shall then be securedd for normal operation, shall be energized and

warmed up in accordance with 4.6.5 and shall be monitored for overall performance in accordance
with 4662for the remainder of this test. ‘

4.6.16.3 The equi pment shal | besubjected to fivetenperature-hunidity cycles as follows:

a. The tenperature shall be raised gradually for 13+02hoursto 60° + So C or the
maxi num specified operating tenperatures whichever is |ower, and maintained for not less then
16 hours. See 6.2(x). Duringthe 16-hour period, the relative hunmidity shall be not less than.
95 percent.

b. The tenperature shall then be lowered gradually forl.3 + 0.2 hours to 30° + 5°C, and
mai ntai ned fornot |ess than 8hours. During the 8-hour period,the relative hunidity shall be
not less than 95 percent.

4.6.16.4 The tenperature shall then be raised gradually foro.8+ 0.2 hour to 50° + 5°C or

the maxi mm sgecified operating tenperature, whichever islower,and maintained for not |ess

than 8 hrs. See 6.2(x). During the first 2 + 0.2 hours of the 8-hour period, the relative

hum dit?/ shall be 50 + 5 percent. Forthe following 4 +03hours,the relative humidity shall
e

be not less than 90 percent. During the reading the, therelativehunmidity shall be 40 + 5
per cent.

4.6.16.5 At the conclusion ofthe test, the equipment shall be exposed as for serrvicing, and
shall be examined forevidence of corrosion, deterioration, or damage caused by condensation.

4.6.17 Salt atnmosphere. A salt spray test in accordance with ASTM Bl 17-64 shall be pe-
formed on frames and enclosure of the equipment. Only one of similar frames or enclosures need
be tested. The test duration shall be 200 hours.

4.6.18 Pressure tests as specified in the P_rocurerrent document s i nvoki ng
this specif+cat on shalt+ be conducted on the equipment, asapplicable. See 6.2(af).

4.6.19 Degree of enclosure. The degree of enclosure shall be deternined in accordance with
M L- STD- 108.

4.6.20 “ |ce load. The surfacesof the equipnent subject to ice |oading shall be ice-Iloaded

or treated to sinulate ice weight, thickness, and tenperature, to no |ess than4.5 pounds per
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square foot (22kg/nf). The equi pment shall then be energized and warned up in accordance with
4.6,5 and its performance monitored in accordance with 4.6.6.2, The equipnent shall also be
exercised as applicable to deternine ifthe ice loading has damaged the equipnent or restricted
its monents beyond tolerances. See 6.2(c) and (f)*

4.6.21 Wnd |oad. Equi pment conponents subject to wind | 0oads shall bewi nd-1oaded or

treated to sinmulate a wind load of not less than 100 knots (50 m's) for 5 + 1 minutes in each-of

four directions 90° + 5° apart. The wind load shall then be decreased to 75 + 5 bets (40 n's),

and the test repeated. The equi pment SW have been energi zed and warned up in acccrm ance with
4.6.5 and shall have its overall performance nonitored in accordance with 4.6.6.2 during the

75-knot test. The 75-knot wind shall be maintained in each of the four directions Iong enough

to exercise the equipment and detect any damage Or restrictions of movement beyond tol erances
specified. See 6.2(c) and (f. :

4.6.22 Attitude. The equipnment shall be energized and warmed up in accordance with 4.6.5
and monitored for overall. performanceinaccordance with 4.6.6.2 for the renminder of this test.
The equi pment shall be subjected to the maximumroll angle andrate foritsi ntended service
location in accordance with M L-STD 1399, Section 301, for not |ess than 2 hours. The test
shal | then be repeated with the roll axis rotated 90° in the horizontal plane. See 6.2(f).

4.6.23 Qther tests. The equipnent shall be subjected to other test procedures as specified
in the procurement documents invoking this specification. See 6.2(ag).
4.6.24 Sol ar_radiation. The equipment shall be warnmed up in accordance Wth 4.6.5 and

shall be nonitored for overall performance in accordance with 4.6.6.2 for the remainder of this
test. Those portions of the equipnent subject to solar exposure shall be subjected-to procedure
11 of Method 5050f ML-STD-810. See 6.2(F).

4.6.25 Life ogerating. The equi pment  shal | be warned up in accordance with 4.6.5 and
shall be nonitored Tor overall performance in accordance with 4.6.6.2 for the remainder of this

test. The equipnent shall be operated continuously fornot |ess than 200 hours, during which
time only normal operating adjustments shall be made. The need for service, mai nt enance, or
recalibration shall indicate failure.

5 PREPARATI ON FOR DELI VERY

5.1 Preservation, packaging, and packing preservatiaon, packag%i ng, and packing shall be
in (achc)ordance Wih ML-E1/555 and the procurement docunents invoking this specification. See
6. 2(ah).

5.2 Level of packaging and packing. The level of packaging and packing shall be as

specified in the procurenent docunents invoking this Specification. See 6.2(al).

6 NOTES

6.1 Intended use. Equipnent furnished in accordance with this specification is intended
for use as a conponent or subsystemof a fire control system or a conplete fire control system
for a weapon systeminstalled aboard a ship or submarine.

6.2 O dering data. This specification includes the general requirements for the procure-
ment of fire control equipnent, There are, however, nunerous instances herein where additional
or specific information or requirements are necessary to make the procurement package conplete.
The ordering data list which follows notes only those instanccs herein where the procurenent
docunents invoking this Specification” are referenced. In addition to the following inforna-
tion, the J)r.oc.uremant documents invoking this specification should alsoi nclude, in detail,
specific additions, nodifications, and exceptions to the provisions herein.

(a) Title, nunber , and date of this specification.

(b) Nunber of first articles to be manufactured (3.1, 4.4.1)
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~(c) Specific requirments concerning conf|gurat|on phy5| caI design, dinensions, parts ~
materials, operation and performance, etc. (4.6.4, 4.6.6.1, 4.6.21)

(d) Whether access forserviceshal | be from other than the front. (3.3.6)

(e) Type, extents and interfaci n? requirenents for automatic test o quiprnnt to be used in
or withthe equi prent at its service location.

.(f) Extended service location orlocations aboard ship. (3.3.32, 3.8.8, 3.8.9, 3.8.10,
4.3.2, 4.6.20, 4.6.21, 4.6.22, 4.6.24)

(g) Degree of enclosure if other than drip proof for protected areas and splash proof for
o xposed areas. (3.3013.1, 4.6.19)

(h) Whether a resilient mounting system iSto be used, and, if so,the specific require-
ments forit. (3.3.23.3

( i )whether any of the restricted materials listed in 3.3.24.2 are to be used.
.(j) whether plastic parts shall be painted. (3.3.25.4)
k
1

Optical system requirenents. (3.4)

(
(1) Wether shims, wedges, or peening around optical elenents is acceptable. (3.4.3)
(m Line ofsight shift tolerance, if applicable. (3.4.9)

(n) Reference | ine of sight, if applicable. (3.4.9.2)

method of reassuring the LOSS, if applicable. (3.4.9.3)

(=)

(p.) Optical reference surface requirements, inapplicable. (3.4.9.3)

(q) whether magnesium fluoride mirror coating is acceptable. (3.4.10.1)
(r) The cement to be used foroptical elements. (3.4.15.4)
(s) Classof equi pnment as defined inMIL-STD-461. (3.5.2, 4.6.8)

(t) Power source required if other than type I, 440 v,3 phase, 60 Hz in accordance with
M L-STD-1399, Section 103; and full load input current requirements, (3.5.4.1, 4*3.3)

(u) Interfacing requirements for data i nputs. (3.5.8.2, 4.6.6.1)
(v) requirenent forand |ocation oftinme totalizingmaters. (3.5.12h)

. (u) Environmental requirenents(;o:)incltid in this specification, and exenptions oraddi-
tions to those whicharei ncl uded.

(x) Operating anbient tenperature range. (3.8.1)
(Y) Portions of ML-S-901 which apply. (3.8.5, .4.6.12)
. (2) Portions of MIL-STD-167 whi ch apply. (3.8.6, 4.6.13)
(aa) Deviations fromtable V for first article inspection. (4.4.2)
(ah) Sanpling plan for quality conformance inspection, ifother than |00% (4.5.1)
(at) Deviations fromtable V for quality confornmance inspection. (4.5.2)
(ad) detailed performance and operations verification procedure. (4.6.6.1)

(ae) Overall performance mcnitoring procedure. (4.6.5.2)
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(af) Sea pressure test, if applicable, (4.6.18)

(ag) environnmental testing procedures for environmental requirenents not included in this
specification (4.6.23)

(ah) Preservation, packaging, and packing requirements. (5.1)
(ai) Level of packaging and packing. (5.2)
6.3 Applicable documents cross-references. Because of the large numer ofdocuments

referenced herern, the TolTowng tabulaitons are included to assist the reader in assenbling
the references,

Referenced Docunment to Paragraph and Page

Docunent Par agr aph |Page Docunent Paer agr aph | Page Docunent Par agr aph | Page
J-W1177 Tare IV 1 17 ML-R-2/765 Table Tl 9 MIL-STD-454/2 [Table IV | 1/
W-C-596 Table IV | 17 MIL-G-3036 Table | 9 M L- STD-954/ 3 Table |1 9
WF- 406 Table v | 17 M L- D- 3464 Table I 9 M L-STD-454/4 |Table Il 9
HH- P- 96 Table |1 9 M L- C 3469 3.4.15.4 | 14 ML-STD-454/5 [3.5.11.1 | 16
QQ A-200 Table Il 9 ML-G 3787 3.3.21.1 8 ML-STD-454/6 |Table | 9
A-225 Tabl e 11 9 M L- A- 3920 3.4.15.4 | 34 ML-sTD-454/7 [3.3.1.2 6
A-250/2 |Table Il 9 M L- S- 4040 Table IV | 17 ML-sTD-454/e |3.5.7,1 15
QQ A-250/8 |Table 11 9 ML-P-$42S - ]3.3.18 8 M L-STD-454/9 [3.10 1
QQ A-250/ U8 |Tabl e I X 9 Table IV | 17 M L-STD-454/10 |Table IV | 17
QQ A-591 Table | 9 ML-G 5S14 Table || 9 M L- STD-454/11 |Table Il 9
QQ A-596 Table | 9 M L- P-5516 Table |1 9 M L-STD-454/12 (Table | 9
QQ A-601 Table 1 9 M L- C 5541 Table 111] 10 ML-sTD-454/13 |8.3.25.6 | 11
QQ B-613 Table 11 9 M L- S- 6855 Table |1 9 ML-sTD-454/14 |(Table IV | 17
QQ B-626 Table Il 9 M L- A- 8625 Table I11 18 M L-sTD-454/15 |Table 1I 9
QQ B-637 Table | X 9 ML-T-10727 |Table 11l M L-STD-454/16 (Table 11l 9
QQ B-639 Table 11 9 ML-W13S08 [3.4.10.1 | 12 M L-sTD-454/17 (3.5.8.5 15
QQB-728 Table 11 9 ML-0 13830 [3.4.4.1 I M L-STD-454/18 [3.5.7.s 15
QQ B- 750 Table X 9 ML-R-15624 |Table 11 9 ML-STD-4S4/19 |Table 1V | 17
QQ B-82S Table X 9 M.-C 15726 |Table Il 9 M L-STD-454/20 ([Table IV | 17
QQ C-320 Table 111] 10 ML-P-16732 |Table 111 10 ML-STD-4S4/21 ([Table | 9
QQC-390 Table I 9 ML-T-16387 |Table IV | 27 M L-STD-454/22 (3.3.1.1 6
QQ G450 Table 11 9 ML-F-17111 ]3.3.20 8 M L- STD-454/23 |Table 11 9
Table 11 9 ML-C 17112 [Table Il 9 ML-STD-454/24 |3. 5.11.2 | 16

QQ CS30 Table 11 9 MIL-E-17555 5.1. 23 MIL-STD-454/26 |Table |l 9
QQ C-533 Table 11 9 ML-P-18317 |3.4.8 12 M L- STD-454/27 |(3.5.4.2 14
QQ-N-281 Table 11 9 ML-C- 18388 |[Table IV | 17 M L- STD-454/28 ([Table | 9
QQ N-286 Table 11 9 ML-H 19457 ]3.3.20 8 ML-STD-4S4/29 |Table IV | 17
QQ N-288 Table 11 9 ML-C 2019 Table |1 9 ML-sTD-454/30 |Table 1V | 17
QQ X-290 Table 111] 10 ML-G 20699 |Table | 9 M L-STD-454/31 |3.3.14 e
%P 416 Table 111] 10 ML-F-21241 |3.4.14.1 | 13 M L- STD-454/ 32 |3.3*9 7
S 365 Table II1] 10 ML-F-2142U |3.4.14,2 | 13 M L=-STDUAS4/ 33 |Table IV | 17
QS 764 Table | 9 ML-C-21609 |Table IV | 17 M L-STD-454/3s 13.3.4 6
QQ Z-325 Table I11] 10 ML-C- 22087 |Table 11 | 10 M L-STD-4S4/36 {3.3.6 7
TT- G490 3.3.25.4 | 11 ML-G22S29 |Table | 9 M L- STD-454/37 |3.5.7.2 15
UU-T.700/2 |Table X : ML-H 28787 |3.s.1 24 ML-sTD-454/38 |Table IV | 17
WNVT-700/4 |Table Il ML-G4S204 |Table 111{ 10 M L-STD-454/39 |3.5.7.3 15
WV T-700/6 |Table H 9 ML-G 81168 |Table IV | 27 ML-sTD-454/40 |Table IV | 17
ZZ-R-76S Table 11 9 ML-STD-108 [3.8.4 18 M L- _4S4/ 41 |Table | 9
ML-V-173 ]3.3.25.5 | 11 4.6.19 22 M L- ST-454/42 |3.3.22 8
ML-G174 ]3.4.15.1 | 13 M L- STD- - 143 3.2 6 M L- STD-4s4/ 43 {3.3.19 8
ML-C67S |3,b.15.3 | 13 ML-STD-150 |3.4.7 12 M L-sTD-4s4/ 44 |Table Il 9
ML-R-900 |Table 11 9 ML-STD-167 |3.8.6 18 ML-sTf)-454/4s |3.5.7.6 15
ML-S-901 ]3.8.5 10 4.6.3 21 M L-STD- 45U/ 46 (Table IV | 17
4.6,12 21 MLL- STD-210 |3,8.10 18 ML-sTD-454/47 |3.5.10.3 | 16

ML-GI1149 |Table 11 9 ML-STD-242 |3.3.1 6 M L-sTD-454/ 4e |Table | 9
ML-C2212 |Table IV | 17 3.3.101 6 M L-sTD-4s4/49 ]3.3.20 8
ML-R-2726 |3.5.4.3 14 ML-STD-Us4/1 3.3.2 6 ML-sTD-4s4/so (Table IV | 17

25
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Referenced Document to Par agraph and Page (Cent’'d) *
1Docunent FPaged [Docunent Par agr aph |1 Docunent Par agraph it 4
L- STD- 454 1 IL~-STD-740 3.3.13.3 ML-sTD-1399/s05 [5. 5. 6.2
’ L- STD- 454- 52 3.3.16 8 4.6.7 . 20 | |ML-STD 1399/702 [3.5.8.4 15
L- STD- 454/ s3 Table XV | 17 | |MIL-STD-810/50S |4.6.24 23 3.5.12C. 16
L-sTD- 454/ s4 3.3.5 7 | IMIL-STD-1241 3.4 M59386 Tabl e | 9
L-sTD- 454/ ss 3.3.13 MIL-STD-1303 3.3.25. | 11 | |M59388 Tabl e | 9
IL-STD-4SWS6 TABLE IV | 17 | MIbSTD-1364 . 3.3.0 7 | |HS28900 Tabl e | 9
MIL-STD-4SWS7 Table 1V | 17 | MIL-STD-1378 3.5.1 14 DWG 230989 3.4.14.2 13
MIL-STD-4S4/S8 Table IV | 17 M1L-STD-1389 3.5.1 14 DWG 264831 Tabl e | 9
MIL-STD&454/S9 , |[3.3.25.7 | 11 | |M1-STD-1399 3.3 6 | |DWG 264832 Tabl e | 9
IMIL-STD-454/60 Table |V | 17 | [MIL-STD-1399/101 3. 3. 16. | 8 DWG 275109 Table | 9
M L- STD- 454/ 61 |3.5.2 MI:L-ST&1399/102 [3.3.16.2 8 | |DWG SK 84259 3.3.21.4 8
406.8 , | 17 | [MIL-STD-1399/103 (3. 5. 4. 14 DWG SK 87448 Tabl e | 9
IMIL-STD-454/62 3.3.3 4. 6. 10 21| |[DWG SK 132263 |3.4.14.1
MIL-STD-454/63 3.3.7 " 6 MIL-STD-1399/106 | 3.3. 15 8 | |OD 13726 Table XV |13
MIL-STD-454/64 Table 1V | 17 MIL-STD-1399/204 |3 16 8 | |OD 39223 3.3.5 7
MIL-STD-454/65 Table IV | 17 MIL-STD-1399/301 |3 28 oD 1700 3.6.1 16
MIL-STD-4S4/66 |Table IV [ 27 4 23 | 10D 2230 3.3 6
XL-STD-454/67 3.6 36 STD- 3399/ 302 |3 8 | |0D 3440 3.3.8 7
MIL-STD-454/68 Table 1V | 17 sTD 1399/ 4ol |3 14 éR - 37 18
L-STD-454/69 |3.5.8.3 | 15 STD- 1399/ 408 |3 14 | |Bush ébl?
IL-sTD-4s4/70 |Table 1V | 17 STD- 1399/ 409 |3 8 - 56202-
IL-STD-454/71  |Table IV | 17 STD- 1399/ SO |3 0 Table 1V| 17
aSD-725 3.6.2.2 |16 99/502 |3 15_} |ASTM B117- 64 4.6.17 | 22
Paragraph to Referenced Docunent
Para ah | Page | Docunent Paragra h |Par agr aph | Page: {Docunmennt
3.2 0 |MIL-STD-143 3 O 15 FHIL~-STD-US4/45
3.3 6. | OP 2230 3.3.25.1 |[ 10 [Table 111 3.5.8.2 15 | M L- STD- 1399/ S02
M L-sT&1399 3.3,25.4 |[ 11 |ML-STD 1303 M L- STD- 1399/ 50S
33. 1. 6 |ML-STD 242 TT-C- 490 . 3.5.8.3 15 | M L- STD- 434/ 69
3311 6 |M L-STD- 242 3.3.25.S |[ 11 |ML-V-173 3.5.8.4 ﬁ’ M L- STD- 1399/ 702
M L- STD- 454 22 3.3.25.6 [|U [ML-STD-4s4/13 {,3.5.8.5 M -sTD- 454/ 17
3.3.1.2 6 | L-STDTD-454/7 3.3.25.7 || 11 M L-STD454/S9 3.5.10.3 | 16 |ML-STD 454147
3.3.2 6 | L-STD 454/ 1 3.4 11 |mbSTD 3241 3.5.11.1 | 16 |ML-STD 4s4/5
3.3.3 6 | ML-STD 454/ 62 3.4.4.1 11 [ML-0 13830 3.5.11.2 | 16 |ML-STD 454/ 2U
3.3.4 6 | ML-STD 454/ 35 3.4.7 123 |ML-STD- 150 3.5.12 17 |Table 1V
3.3.5 7 | 0D 39223 3.4.8 12 |ML-P-18317 “ ||3.5.12C 16 | M L- STD- 1399/ 702
M L-sTD-4sd/s4 3.4.10.1 (| 12 {MLH 13S08 3.6 16 |M LST' D- 454/ 67
3.3.6 7 | L- STD- 454/ 36 3.4.14.1 (| 13 |MIL-F-23241 3.6.1 16 |OP 1700
3.3.7 7 | M L- STD- 454/ 63 DUG SK LD2263 M L- STD- 1399/ SO
3.3.8 M L- STD- 1364 3.4.14.2 || 13 |ML-F-21424 3.6.2.2 16 |ML-STD-72S
OP 3440 DWG 230989 3.7 18 |OR-1
3.3.9 7 | ML-STD- 454/ 32 3.4.15.1 |[ 13 IML-G174 3.8 18 |M - sTWL399/ 3ol
3.3*13 7 | M L- STD 454/ 55 3.4.15.3 || 13 |MLL-G67S M L- STD- 1399/ 302
3.3.13.3 7 | ML-STD 740 3.4.15.4 (| 14 |ML-A-3920 3.8.4 18 |M L9STD- 108
3.3.14 8 | ML-sTD 454/31 M L- C- 3469 3,8.5 18 |ML-S-901
.. 13.3.15 8 | ML-STd-1399/106 | 3.5.1 14 |ML-STD 1378 3,8.6 18 |ML- STD 167
3.3.16 8 | ML-STD-454/ S2 M L- STD- 1389 3.8.10 18 |ML-STD-210
M L- STD 1399/ 204 M L-H 28787 3.10 18 M L-sTd-454/9
3.3.16.1 8 |ML-sTD-1399/1ol | [3.5.2 14 |ML-ST3)-434/61 }|4.6.7 * 20 [ML-STD- 740 -
3.3.16.2 8 | ML-STD 1399/ 102 M L-sTD-1399/40(4.6.8 21 |ML-STD- 4s4/ 61
3.3.18 8 | ML-P-542S M L- STD- 1399/ 40 (4. 6. 10 21 |ML-STD 1399/ 103
3.3.19 8 | ML-STD 454/"13 M L-sTD- 1399/ 404|4. 6. 11 21 |ML-S-90l
3,3.20 8 | M L-STD- 454/ 49 3.5.4.1 14 [ML-sTD-X399/1 0’]4.6.13 ?1 |ML-STD- 167
M L-F-17UL 3.5.4.2 14 |ML-STD4S4/27 }|4.6.17 22 |ASTM B117-64
M L-H 194S7 3.5.4.3 14 IML-R-2726 4.6.19 22 |ML-STD- 108
3.3.21.1 8 | ML-G 3787 3.5.7.1 15 [ML-sTD+s4/8 4.6.22 23 |ML-5TD 1399/ 3ol
3.3.21.4 8 | DWG SX8425 3.5.7.2 M L-sTD- 4s4/ 37 4.6,24 23 |ML-STD- 8101 508
3.3,22 8 | M L-454/42 3.5.7.3 E M L-sTD - 4s4/ 39 5.1 23 |ML-E- 17555
3.3.23 9 | Tabl e I 3.5.7.3 M L- STD-4S4/ 18
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6. 4 Metrication. This document has been annotated with metric equivalents of quantities
not expressed in the International System of Units. |Ne eduivalent units are in accordance with

ASTM E380- 72 as adopted by the DOD on 29 November 1973, and are jncluded for the pureose,of
encouraging metrication. ~ Rather than exact equivalents, the netric quantities are given in

conveniently rounded amounts within the tolerances specified.

PReparing Activity:

NAVY - 0s
Review Activity: Project Nunber:
NAVY - SH 1290- N317

Note: Due to the extensiveness of the changes, the margins of this specification have not
been marked to indicate changes from the previous issue.
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Subject Paragraph Page { |Subject Paragraph {Page | |Subject ramwh Pagel
Tinishes 3.3.21.5 8 Lamps 3.5.9.6 16 Nickel plating (Table III| 20
Table III 10 3.5.12a. 16 Noise, acoustic I3,3.12 7
First article 3.1 6 Table IV | 17 6.7 20
U4 19 leather (fiber) |Table II 9 Nomenclature 3.7 18
Flammability Table II 9 3.3,24,2g4 10 Nonferrous
Fluid, hydrau- Lens caps 3.4,13 13 metals Table I1 9
lic 3.3.20 8 Lenses 3.4 11 Nonstandard
Fluorescent 3.4.4.2 11 parts and
lamps 3.5.12a. 16 marking 3.6,3 16 materials 3.3.3.1 6
fungus growth Table II 9 Level of pack- Ruts Table I 9
Fuses 3.5.7.3 1S ing and Optical design. {3.4 11
3.5.9.6 16 packaging 5.2 23 mparking 3.6.3 16
WGaskets 3.3.23.2 9 Life, operating{3.9 18 materials 3.4,15 13
Table II 9 4.6.25 23 Ordering data 6.2 23
Gaskets, window 3.3,21.4% 8 Lighting 3.3.18 8 O-rings Table I 9
Gears Table I 9 Lights (see lamps) Outlets, con-
Generators Table IV 17 Line of sight venience Table IV | 17
Glass 3.3.21.1 8 shift (LOSS)}3.4.9 12 Overloads,
3.4,15.1 13 Lubricants 3.3.19 8 electrical [3.5.7.1 1S
Gold plating Table III1 10 3.3.25.1a4 10 3.5.7.4 15
Grommets Table I 9 3.4,12 13 Packaging and
Grounding, Lubrication 3.3.19 8 packing 5.1 23
electrical 3.3.25.1d. 10 warking for [3.5.4 16 Padding, optics [3.4,3 11
3.5.3 bR} Magnesium 3.3.24,2¢4 10 Painting 3.3.25.4 | 11
3.5.8.,3.1 15 Hagnetic flelds3.5.3.3 1 Panel lighting ]3.3.18 8
Gyroscopes Table IV 17 Maintainability|3.3,5 7 Panels 3.5.3.4 1y
Handles 3,.3.13,2 7 Marking 3.6 15 Parts 3.3.23 9
Harmonics, power3,5.5 14 power, elec.|3.5.4.3 14 h.6.4% 19
4,6.9 21 Masks, window }3.3.21.5 8 electrical [3.5.12 16
inges -3.5.3.4% U Materials 3.3.24 9 miscellan able I 9
Hookup wire Table IV 17 4.6.4 19 pounting of [3.5.9 15
Human electrical [3.5.12 16 nonstandard [3.3.1.1 6
engineering 3.3.3 6 nonstandard (3.3.1.1 6 standard P § 6
umidity 4.3,1b, 18 optical 3.4 13 PC boards (see circuit boards)
4.6.16 22 restricted 3.3.24.2 { 10 Performance 14.6.6 20
Hydraulics 3.3.20 8 standard 3.3.1 6 Phosphate
Ice Loading 3.8.8 18 toxic 3.3.24.1 | 10 coating Table III] 10
4,6.20 22 Mercury 3.3.24.2d4 10 Plastic 3.3.25.4 | 11
IC's Table IV 17 Metal spraying (3.3.25.2 10 fiber-filled {3,3.24.2h] 10
Illunination 3.3.18 8 Metal treatment|3.3.25.1 | 10 porous 3.3.25.5 | 11
Impregnation 3.5.10 16 Table III| 10 transparent [3.4.15.2 | 13
Indicators 3.5.9.4 16 Metals, use of [Table II 9 windows 3.3.21.2 8
3.5.12b. 16 Meters 3.5,9.4 16 Platings Table III| 10
Table IV 17 3,5.12b. | 16 Platinum sheath [Table III| 10
mwarking of 3.6.2 16 Table IV | 17 Plugs, power 3.5.,4.3 b 11
Inductors 3.5.10 16 marking of [3.6.2 16 Polarized
Table IV 17 Metrication 6.4 27 filters 3.4.1%.2 123
Inspectioas 4 18 Microcircuits |Table IV | 17 3,4.15,384 1M
Insulators, Mirrors 3.4.10 12 Potting 3.3.25.1cd 10
electrical Table I 9 3.4,15,344 13 9.5.10 16
Integrated Modules, elect.|3.5.1 14 Power 3.5.4 14
circuits Table 1V 17 4.6.4 20 4,3.3 19
Intended use 6.1 23 Holature pocket|3.3.14 8 harmonics 5.5 s
Interchange- Motors Table IV { 17 6.9 21
ability 3.3.1.2 16 controllers {Table 1V | 17 outlets able IV | 17
Interfacing’ 3.3 6 warking of |[3.6.5 7 variaticas [4.6.10 21
3.3.9 7 Mownting, parts|{3.5.9 1s Preparation for
3.5.8.2 1S Mounts, shock |[3.3.13.3 7 delivery %.6.1 19
4,6.6.1 20 Neutral filters|3,.4.15,3f 14 H 19
Joints, metal 3.3.25.2 10 Nickel Table II 9 Preservation S.1 23
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subject
pressure  ai r 3.8.3 18 shields , 3.3.25.1b 10 Tuning devices
4.3.1C 19 3.5.3 Variabl e den-
4.6.11 21 Table |V 14
sea water 3.8.4 18 shock, mechan- Varnish .3.25.5
4610 22 ical- 3.8.5 18 Varnishing
Printedwiring 3.5.8.5 15 4.6.12 21 Verni ers,
3.5.9.2 15 shock mounts 3.3.13.3 7 marking of 3.6.2.3
PrOCedures , 3.3.25 10 shunts, aster Table XV 17 Vibration 08.6
testing 4.6 29 silver costing 3,.4.10.3 % .6.13
Procedur es 3.3.25 10 plating Table 111 War nup 5.6
Table 11 10 Size 3.3.20 6.3
Quality assur- 4.6.2 2 Vter cooling .3.16.1
ance 4 18 Socket s Table IV 17 wei ght 331
Quality coon- Sol ar radiation 3.8.10 5 .6.3
f onnsnce 4.5 19 4.6.24 23 Vel di ng,
Radi ation, elec- Sol deri ng 35111 16 el ectrical
tromgnetic 3.5.2 Sol enoi ds Table IV 17 connect ions 3. 5.11.2
4.6.8 14 Springs table | 9 .structural .3.25.2
sol ar 3.8.10 18 standard Hard- .3.25.6
4.6.24 23 V\are Pro ram3.5.1 14
Radi oacti ve Sta r)arts wind loading  3.8.9
mat erial 3.3.24.2a. 10 an rTHterla 3.3.1 6 4.6.21
Readouts (see indicators) Storage battery 3.5.4.2 14 windows 3.21
Recept acl es, Straps, ground 3.5.3.2 14 4151113
power 3.5.4.3 14 stuffing tubes 3.5.8.1 15 Wpers, wndow _3.4.15. 3e.
Reflection Sunlight (see solawWiradiatiutmeeIv
reduction 3*4.13.3 13 swi t ches 3.5.7.2 2.5 marking of
Refl ective Table IV 17
finishes 3.3.25.3 10 symbols, mar- wood .3.24.2f1.
surfaces 3.4.10 12 king 3.6.1 16 WorKmanship”
3.4.15.3d. 13 synchros 3.5.8.4 15 Zinc die castidg.24.2d.
Relays . Table IV 17 305.12c. 16 pl ating Table I11
Reliability 3.3.4 6 Tenperat ure,
Resilient mount 3.3.13.3 7 operating 3.8.1 18
resistors Table 1V 17 4.6.35 22
Resol ution, storage 3.8.2 18
phot o?raphi c 3.4+7 12 4.6.14 21
vi sua 3.4.6 11 testi ng 4.3. la 19
Reticles 3.4.2 11 Terninal boards 3.5.9.2 15
3.4.15.3b. 13 Table IV 17
Riveted joints 3.3.25.2 10 Terninals,
Rotar, power groundi ng 3.5.3.1 14
Converters Table IV 17 Term nol ogy,
Saf ety 3.3.2 6 mar ki n 3.6.1 16
Salt atrmosphere 3.8.7 18 Test condrtions 4.3 19
4.6.17 22 ® qui p-eat 3.3.8 7
les 4.5,1 19 procdures 4.6 19
scales Table | 9 Table V. 20
marking of  3.6.2 16 Thermal design 3.3.16 8
SCrews Table | 9  Threaded
selection of fasteners Table | 9
docunent s 3.2 6 Tine neters 3. 5. Mh. 16
Self-test pro Tin plating Table 111 10
Vi sions 3.3.9 7 Tool s 3.3.7 7
Seni conductors Table IV 17  Toxic materials 3.3.24.1 10
Servi cing 3.3.6 7 Transforners 3.5.10.1 16
. 4.6.4 20 3.5.10.2 16
servo devices Table IV 17 Table XV 17
Shafts 3.3.23.1 9 Transistors Table IV 17
Table | 9 Tubes, electron Table Iv 17
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