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MILSTD-2036

1. SCOPE

.1.1.-. This standard covers thepolicy guidance andgeneral requirement for the
preparation of specifications for electronic equipment for shipboard applications,
including submarines. Requirements previously contained in MILE-16400 are hereby
superseded. , This document provides guidance for the use of commercial off the shelf
(cOTS) and ‘~”&jedizedequipment in addition to militarized equipment. Requirements
are to be based on the installation and intended use of the equipment.

1.1.1 m. The requirements of this document shall be tailored for all shipboard
applications. The development of detail requirements for airborne, space, mobile and
land based applications is in process. Requirements for airborne, space, mobile and land
based applications will be promulgated as revisions to this document.

1.2 ~. This standard shall not be invoked on a blanket basis in end-time
specifications Rather, each requirement contained herein shall be tailored to the
specific requirements for the equipment being acquired.

1.3 Classificafi“on. Electronic equipment acquisition options available to the program
manager include CO~, ruggedized and militarized. The sdection of the appropriate
acquisition option is the responsibility of the program manager, and should be dependent
upon the expectations for the equipmen~ availability of commercial equipment
functional requirements for the equipment and cost-benefit tradeoffs. The acceptable
ranges for each option is illustrated in Figure 1 and is determined by specifying the
semice requirements for the equipment. SeMce requirements vary from what is
considered minimally acceptable for installation in light duty applicat.ion$ to fully
hardened requirements which are typically required for mission critical equipment (see
4.1.4.3). In gener~ non-mission critical equip en4 including most Ccmmw@ control,
communications, computer and intelligence (# I) equipmen~ does not have to meet the
fully hardened requirements and may shut down or go into a standby mode when the
specified operating limits are exceeded. However, so long as the support services and
other interfaces remain within their spaified limits, the equipment must not be damaged
by such excursions. The specific requirements for each acquisition are the responsibility
of the program manager, and shall be tailored within the range of acceptable limits

~

provided hereim

1.3.1 Specification typgL The end item specification may be a design specificatio~ a
performance specificatio~ or a hybrid of performance and design specifications. If the
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Figure 1. ocurernent _

acquisition strategy is to be COTS, the specification type shall be performance. If the
acquisition strategy is to be ruggedize~ then the specification type may be either
performance or a hybrid of performance and design Xfthe acquisition strategy is to be ~
rnilitarize~ then the specification type maybe performance, desi~ or a hybrid of
performance and design, lle decision regarding tie specification type is incumbent
Wn *..pr- mmager acx@ing theequiprnent andisnot to@ Iefttothe
discretion of a contractor.

1.3.1.1Performance specificat 04. A pedormance specification “isa specification in which
the equipment is treated as a \lack bo~ and the interfaces to the equipment are
specified as shosvn in Figure 2. Figure.2 is btended as an example, and does not
include all service interfaces (see 5.1.1, 5.1.2 and 5.1.3). The interfaces described herehi
include environmental conditions, support setices, human facto- safety, operational
constraints, and suitability requirements such as reliability, maintainability, test interfaces,
supportability, operability or produceability. These elements of performance shall be
responsive to the individual acquisition program needs. The foregoing interfaces are

2
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separate from those required for functional requiremen~ such as input/output (1/0)
and target tracking. The performance specific@ion permits the manufacturer to perform
the hardware and sofiare desi~ and places a great responsibility upon the specifier to
ensure that all relevant characteristics are incorporated and that the equipment is
adequately tested to demons~ate that it will be suitible for the application.

DOIt SeMca
Electrical
Dlyair

Chilled water

I
Environmen~
Shock
Vibration
Humidity L
Temperature
Electromagnetic susceptibility
Nuclear effects

Black
Box

I

Systems Effectivene~
Safety

Human factors

. .
rational CYmstrzun&

Electrical
Electromagnetic emissions

Acoustic/electromagnetic emissions

Figure 2. *tices Interfaces
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1.3.1.2~esia SDecificati~. A design specification is an end item specification in which
the hardware and software are specified to the component level. The contracting activity
controls the product design and production methods. It is ‘the responsibility of the
contracting activity to ensure the equipment meets all relevant performance .“
characteristics.

4
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2. APPLICABLE DOCUMENTS.

2.:1 Governrnent documenu.

2.L1 specifications. ~ and handbook. The following specificatio~ standards,
and handbooks form a part of this document to the extent specified herein. Unless
otherwise specified, the issues of these documents are those listed in the issue of the
Department of Defense Index of Specifications and Standards (DODISS) and
supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS

FEDERAL
QQ-A-200

QQ-A-2oo/l

QQ-A-200/4

QQ-A-200/8

QQ-A-225

QQ-A-225/2

QQ-A-225/7

QQ-A-225/8

QQ-A-250

QQ-A-250/2 ‘.
QQ-A-250/8
QQ-A-250/11
QQ-A-591
QQ-A-596

Aluminum Alloyj Bar, Rod, Shapes, Structural Shapes, Tube
and Wire, Extruded; General Specification for.
Aluminum Alloy 3003, Bar, Rod, Shapes, Tube and Wire,
Extruded.
Aluminum Alloy 5083, Bar, Rod, Shape% Structural Shapes,
Tube and Wire, Extruded.
Aluminum Alloy 6061, Bar, R@ Shapesj Tube and Wire,
Extruded.
Aluminum and Aluminum Alloy Bar, R@ Wire, or Special
Shapes; Rolledj Drawnj or Cold Finished; General
Specification for.
Aluminum Alloy Bar, R@ and Wirg Rolle~ Drawq or
Cold Finishe& 3003.
Aluminum Alloy 5052, Bar, Rodj and Wire; Rolledj Dram
or Gold Finished.
Aluminum Alloy 6061, Bar, Rod Wire and Special Shapes;
Rolled Drawn or Cold Finished.
Aluminum and Aluminum Alloy Plate and Sheet General
Specification for.
Muninum Alloy 3003, Plate and Sheet.
Aluminum Alloy 5052, Plate and Sheet
Aluminum Alloy 6061, Plate and Sheet
Aluminum Alloy Die Castings.
Aluminum Alloy Permanent and Semipermanent Mold Castings.

5
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QQ-B-639
QQ-B-654
QQ-C-320
Tr-c-490

QQ-C-502

TT’-E-49O

QQ-N-281

QQ-N-286
QQ-N-290
TT-P-664

W-P-1757
QQ-S-365
WW-T-700

WW-T-700/2
WW-T-700/4
WW-T-700/6
J-W-1177

MILITARY
Mnc-17

MILT-27

IWILV-173

IkflLs-9ol

MILS-1222

MILE-2036

Brass, Naval: Flat Products (Plate, Bar, Shee4 and Strip).
Brazing Alloys, Silver.
Chromium Plating (Electrodeposited).
Cleaning Methods for Ferrous Surfaces and Pretreatment for
Organic Coatings.
Copper Rods, and Shapes; and Flat Products With Finished
Edges (Flat Wire, Strips and Bars).
Ename~ Silicone Alkyd Copolymer, Semigloss (for Exterior
and Interior Non-W-F46 Fittings for Cable, Powerj
Elec@al and Conduit Metal, Flexible.
Nickel-Copper Alloy Bar, Rod, Plate, Shee6 Strip, Wire,
Forgings, and Structural and Special Shaped Sections.
Nickel-Copper-Aluminum Alloy, Wrought (U’NSN05500).
Nickel Plating (Electrodeposited).
Primer C6atin~ Alkyd, Corrosion-Inhibitin~ Lead and ~
Chromate Free, VOC-Compliant.
Primer Coating Zinc Chromate, Low-Moisture-Sensitivity.
Silver Plating Ekctrodeposited: General Requirements for.
Tube, Alum&m and Aluminum AUoy,Dram seamless,
General Specification for.
Tube, AluminuQ Alloy, Dravinq sea.mle~ 3003. @
Tube, Aluminum AUoy,Ilrawq seamle~ 5052.
Tube, Aluminum Alloy, Draw seaml~ 6061.
Wire, Magne~ Electrical General Specification.

Cable% Radio Frequency, Flexible and Semirigid, General
Specification for.
Transformers and Inductors (Audio, Power, and High-Power
Pulse), General Specification for.
Varnish Moisture-and-Fungus-Resistant (for Treatment of
(lnmmmicatiou Electroni~ and Associated Equipment).
Shock Tes& H.I. (High-Impact) Shipboard Machinery,
Equipmen~ and Systems, Requirements For

. Stu& Bolts, Hex Cap Screws, So&et Head Cap screw and
Nuts.
Enclosures for Electric and Electronic Equipment.

6
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MILC-2212

MILR-2765

MIL-G-3036
MILD-3464

IvIIL-G-3787
hfII/s-4040
MILC-5015

MILG-5514

MILC-5541

MILP-7788
MILM-7793
MLA-8625
MJLS-8660
MXLQ-9858
MILC-11693

MILC-14550
MILP-15024
MILP-15024/5
M1-LE-15090
MILR-15624

rkfILc-15726
DOD-P-16232

MILF-16552

MILF-17111
MILC-17112
MILI-17214
MILB-17931

Contractorsand Controllers, Electric Motor AC or ~ and
Associated Switching Devices.
Rubber Shee~ Strip, Extruded tid Molded Shapes
Synthetiq Oil Resistant.
Gromme~ Rubber, Hot-Oil and coolant Resistant.
Desiccants, Activated Bagged Packaging Use and Static
mhtidticatiom
Glass, Laminat@ Flat; (Except Aircraft).
Solenoi& Electrical, General Specification for.
Connectors, Electri@ Circular Threaded, AN Tjpe, General
Speeifieation for.
Gland Design: Packings, Hydraulic, General Requirements
for.
Chemical Conversion Coatings on Aluminum and Aluminum
Alloys.
Panels, hformatio~ Integrally Illuminated.
Meter, Time Totalizing
Anodic Coatings, for Aluminum and Aluminum Alloys.
Silicone Compoun@ NATO Code Number S-736.
Quality program Requirements.
Capacitors, Feed Through, Radio-Interference Reduction AC
and DC (Hermetically Sealed in Metal Cases), Established
and Non-Established Reliability General Speeifieation for.
Copper Plating (ElectrodePosited).
Plateq Tags and Bands for Identification of Equipment.
Plat+ Identification
Ename~ Equipmen6 Light-Gray (Formula No. 111).
Rubber Gasket Materi~ 50 Durometer Hardness
(Maximum).
Copper-Nickel Alloy, Shee~ Plate, Strip, Bar, Rod and Wire.
Phosphate Coatings, Heavy, Manganese or Zinc Base (for
Ferrous Metals).
Filte~ Air Environmental Control System Cleanable,

I

Impingement (I-I@ Velocity Type).
I

Fluid Power Transmission
Copper-Nickel-Zinc Alloy (Nickel-Silver): Castings.
Indicator, Permeabili~, LOW-MU(Go-No Go).
Bearings, B~ Annular, for Quiet”operatiom

7
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MILN-18307

MILH-19457
MILS-19622

MILC-20159
MILA-21180
MII.X-22087
MILC-22520

MK-G-22529
MILP-23377
MILC-24231

MlLK?4441/1
MILP-24441/3

MLP-24441/6

MILC-24640

MIL-C-24643

MUX-24733

MILC-24758

MILP-25732

MIL-C-26074
MILD-28000

MILD-28001

MILR-28002

MILD-28003

Nomenclature and Identification for Aeronautical Systems
Including Joint Electronic Type Designated Systems and
Associated Support Systems.
Hydraulic Flui& Fire-Resistan~ Non-Neurotoxic.
Stuffing Tubes, Nylon; and Packing Assemblies; General
Specification for.
Copper-Nickel Alloy Castings (UNS C96200 and C96400).
Aluminum-AUoy Castings, High Strength.
Copper Alloy Investment Castings.
Crimping Tools, Terminal Hand or Power Actuated, Wire
Terminatio~ and Tool Kits General Specification for.
Grommets; Plastic.
Primer Coatings: Epoxy, Chemical and Solvent Resistent.
Connecto~ Plugs, Receptacles, Adapters, Hull Lnserts, and
Hull Insert Plugs, Pressure-Proof, General Specification for.
Pain~ Epoxy-Polyamide, Green Primer, Formula 150, Type I.
Pa.in~Epoxy-Polyamide, Topcoa~ White, Formula 152, Type
I.
Pain~ Epoxy-Poly~de, Exterior Topma~ Dark Gray,
Formula 155-Ro = 6, Type L
Cable, Electri@ I_.@tweight for Shipboard Use, General e
Specification for.
Cable and C@ Electri@ Low Smoke, for Shipboard Use
General Specification for.
Controller Interface Uni$ Fiber Optic (METRIC), General
specification for.
conduit Flexiile, Weatherproof and Associated Fitt.in~
General Specification for.
Packing Preform@ Petroleum Hydraulic Fluid Resis@n~
Limited SeMce at 275°F (135”C).
Coatings, Ele~oless Nicke~ Requirements for.
Digital Representation for Communication of Product Data:
IGES Application Subsets.
Markup-Requirements and Generic Style Specification for
Electronic Printed Output and Exchange of Text.
Raster Graphic Representation in Binary Forma~
Requirements for.
Digital Representation for Communication of Illustration
Datz CGM Application Profile.

8
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MILC-28731

ML-C-&777

MILM-28787
MILC-28790
MILT-28800

MIL-C-28840

MILT-31OOO
MIL-G-45204
MILR+6085
MILH4855

MIL-C-49055

Mnc49059

MUX-55514

MILT-55631

ML-C-81562

MUX-83286

MILP-83461

MILT-83721

STANDARDS

FEDERAL
FED-STD-H28

Cmnector$ Electrical, Rectangular, Removable Cohtact.j
Formed Blade, Fork Type (for Rack and Panel and other
applications), General Specification for.
Cable Assembly, Electronic Test Equipment (3 Wires, 125
and 250 Volts AC and 2$ Volts DC) Grounding Plug
~nnector, General Specification for.
Modules, Standard Electronic General Specification for.
Circulators, Radio Frequency, General Specification for.
Test Equipment for Use With Electrical and Electronic
Equipmen4 General Specification for.
Connectors, Electrical, Circular Threaded, High Densi~,
High Shock Shipboard, Class D General Specification for.
Technical Data Packages, General Specification for.
Gold Plating ElectrodePosited.
Rhodium Plating ElectrodePosited.
Human Engineering Requirements for Military Systems,
Equipment and Facilities.
Cables, Power, Electri@ (Flexible, Flatj Unshielded),
(Round Conductor), General Specification for.
Cable, Electrical (Flexible, Flat Unshielded), (Flat
Conductor) General Specification for.
Capacitom Fixed Plastic (or Metalized Plastic) Dielectric,
DC or DC-AC in Nonmetal case% Established Reliability
General Specification for.
Transformers; Intermediate Frequency, Radio Frequency and
D&rimina tor, “General Specification for.
Coatings, cadmi~ Tin-Cadmium and Zinc (Mechanically
Deposited.
coating Urethane, Aliphatic Isocyanate; for Aerospace
Applications.
Packing Preformed, Petroleum Hydraulic Fluid Resistant
Improved Performance at 275 ‘F (135 ‘C).
Transforme~ Variable, Power General Specification for.

Screw-Thread Standards for Federal Services.

9
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FED-STD-H28/7

FED-STD-313

FED-STD-595

MIIXI’ARY
MIIA3TD-1OO
MIL-STD-108

MILSTD-129
MILSTD-167-1

MILAWD-188-200

MIL-STD-196
MILSTD-198
MXLSTD-202
MIIXTD-21O

IWILSTD-242

MILSTD-454
MIL-STD461

IWLSTD-462

MILSTD490
IWlxrD-499
MILxrD-7ol
MnsTD-740-l

MILSTD-740-2

hIILSTD-756

MXLSTD-785

Screw-Thread Standards for Federal Services Section 7 Pipe
Threads, General Purpose.
Material Safety Da% Transportation Data and Disposal for
Hazardous Materials Furnished to Government Activities.
Colors used in Government Procurement.

En@neenng Drawing practices.
Definitions of and Basic Requirements for Enclosures for
Electric and Electronic Equipment.
Marking for Shipment and Storage.
Mechanical Vibrations of Shipboard Equipment (Type I -
Environmental and Type II - Internally Excited).
System Design and Engineering Standards for Tactical
Communications.
Joint Electronics Type Designation System
Capacitors, Selection and Use Of
Test Methods for Electronic and Electrical Component Parts.
Climatic Information to Determine Design and Test
Requirements for Military Systems and Equipment.
Electronic Equipment Parts Selected Standards Mieroeireuits
and semiconductors. (Part 5)
Standard General .Requirernents for Ekctronic Equipment.
Electromagnetic Emission and Susceptibility Requirements
for the Control of Electromagnetic Interference.
Eleetromagnetiy Interference Characteristics, Measurement
of.
Specification Practices.
Engineering Management.
List of Standard Semi-conductor Devices.
Airborne Sound Measurements and Acceptance Criteria of
Shipboard Equipment.
Strueturebome Vibrato~ Acceleration Measurements and
Acceptance Criteria of Shipboard Equipment.
Reliability Modeling and Prediction

Reliability Program for Systems and Equipment Development
and Production

10
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MXLSTD-81O
MILSTD-882
MILSTD-889
MIL-STD-961

MILSTD-965
MILSTD-1285
MILSTD-1286
MILSTD-1310

MILSTD-1378
MILSTD-1379
MILSTD-1388-1
MILSTD-1390
MILSTD-1395

DOD-STD-1399
Section 070-Part 1

DOD-STD-1399
Section 071

MILSTD-1399
Section 072-Part 1

IMILSTD-1399
Section 072.2

IMILSTD-1399
Section 102

IMILSTD-1399
Section 105

IWILSTD-1399
Section 106

IWILSTD-1399
Section 300

MILSTD-2036

Environmental Test Methods and Engineering Guidehes.
System Safety Program Requirement.
Dissimilar Metals.
Military Specifications and Associated Documen&
Preparation of.

~Parts Control Program
Marking of Electridand Electronic Parts.
Transformers, Indu@ors, and Coils, Selection and Use of.
Shipboard Bonding Groun@ and other Techniques for
Electromagnetic Compatibility and Safety.
Requirements for Employing Standard Electronic Modules.
Military Training Programs.
Logistic Support Analysis.
Level of Repair.
Filters and Networks, Selection and Use of.

Interface Standard for Shipboard Systems
DC Magnetic Field Environment (Metric).

Interface Standard for Shipboard Systems
Section 071 Mass/Size/Shape, Shipboard Units (Metric).

Interface Standard for Shipboard Systems
Section 072-Part 1 Blast Environment Missile ExhausL

Interface Standard for Shipboard Systems
Section 072.2 Blast lhironmen~ Gun Muzzle.

Interface Standard for Shipboard Systems
Section lm I.mwPressure Dry Air SeMce for Surface Ships.

Interface Standard for Shipboard Systems
Section 105, Sea Water SeMce for Surface Shim

Interface Standard for Shipboard Systems
Section 106, Compressed Air SeMce for Surface Ships.

Interface Standard for Shipboard Systems
Section 300, Electric Power Alternating Current (Metric).

11
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h411xrD-1399
Section 301

MILSTD-1399
Section 390

DOD-STD-1399
Section 406

DOD-STD-1399
Section 441

NIIL-STD-1399
Section 501

MILSTD-1399
Section 502

DOD-STD-1399
Section 532

NfxLxrD-1399
Section 702

IMILSTD-1562
MILSTD-1661
MILSTD-16S0

MI’LSTD-1683

MnATD=M86

Interface Standard for Shipboard Systems
Section 301, Ship Motion and Attitude (Metric).

Interface Standard for Shipboard Systems
Section 390, Electric Power, Direct Curren4 (Other Than
Ship’s Battery) for Submarines (Metric).

Interface Standard for Shipboard Systems
Section 406, Digital Computer Grounding (Metric).

Interface Standard for Shipboard Systems
Section 441, Precise Time and Tiie Interval (p’Ill).

Interface Standard for Shipboard Systems
Section 501 Nomenclature, Electronic and Weapons Control
Functions.

Interface Standard for Shipboard Systems
Section 5~ Electronics Systems Parameters.

Interface Standard for Shipboard Systems
Section 532, Cooling Water for Support of Electronic
Equipment (Metric).

Interface Standard for Shipboard Systems
Section 702, Synchro Data Transrnissiom

Lists of Standard Microcircuits.
Mark and Mod Nomenclature System.
Installation Criteria for Shipboard Secure Electrical
Information Processing System

Connectors and Jacketed Cable, Electric, Selection Standard
for Shipboard Use.

Electrostatic Discharge Control Program for Protection of
Electrkxd and Electronic Parts, Assemblies and Equipment
(Excluding Ekct.rically Initiated Explosive Devices) (Metric).

rVflLsTD-1839 Calibration and Measurement Requirements.

12
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MIIA3TD-1840
MIIAXD-2000

DOD-STD-2003-3

DOD-STD-2143

MILXID-2165
DOD-STD-2167
MIIXSTD-2200
MIIATD-45662

HANDBOOKS
MILHDBK-59

MIIAIDBK-225
MIL-HDBK-235-1

MIL-HDBK-237

MILA-IDBK-246

IWH-IDBK-251
DOD-HDBK-263

IWH-IDBK-700
MILHDBK-722
DOD-HDBK-SD-2

MILSTD-2036

Automate Interchange of Technical Information.
Standard Requirements for Soldered Electrical and
Electronic Assemblies.
Electric Plant Installation Standard Methods for Surface
Ships and Submarines (Penetrations) Section 3 of 5 Sections.
Magnetic Silencing Requirements for the Construction of
Nonmagnetic Ships and Craft (Metric).
Testability Program for Electronic Systems and Equipments.
Defense, System Software Development.
Requirements for Employing Standard Enclosure Systems.
Calibration Systems Requirements.

Department of Defense Computer-Aided Acquisition and
Logistic Support (CALS) Program Implementation Guide.
Synchros Description and Operatiom
Electromagnetic (Radiated) Environment Considerations for
Design and Procurement of Electrical and Electronic
Equipment Subsystems and Systems, Part 1.
Electromagnetic Compatibility Management Guide for
Platfo~ Systems and Equipmen~
program Managers Guide for the Standard Electronic
Modules Program
Reliability/Design Thermal Applications.
Electrostatic Discharge Control Handbook for Protection of
Electrical and Electronic Parts, Assemblies and Equipment
(Excluding Electrically Initiated Explosive Devices) (Metric).
Plastics.
Glass.
Nondevelopmental Item Program-Buying NDI.

(Unless otherwise indicated copies of federal and military specifications, standards, and
handbooks are available from the Standardization Documents Order Desk BLDG. 4D,
700 Robbins Avenue, Philadelphi~ PA 19111-5094.)

13
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C)ther Go -vernment documents. drawings. and Dubli~tio~. The following other
Government documents, drab and publications form a part of this document to the
extent specified herein. Unless otherwise specified, the issues are those cited in the
solicitation.

PUBLICATIONS

ASSISTANT SECRETARY OF THE NAVY
TAAF The Tes~ Analyze, and Fix (TAAF) Process; A

Technical Brief for TAAF Implementation.

(Application for copies should be addressed to The Office of the Assistant Secretwy of
the Navy (Research, Development and Acquisition), Product Integrity, Washingto& DC
20360-5000)

DEPARTMENT OF COMMERCE
NTIA Manual of Regulation Manual of Regulations and Procedures for Federal

Radio Frequency Management.

(Application for copies should be addressed to United States Department of Commerce,
National Telecommunications and Information Admim.istratio@Wash.ingtoL DC 20230)

DEP&IWNT OF DEFENSE (DOD) “
DOD 4120.3-M Defense Standardization and Specification Progrhm Policies,

Procedures and Instructions.
DOD Directive 4245.4 Acquisition of Nuclear Series Cable Systems.
DOD Directive 5000.1 Defense Acquisition.
DOD Instruction 5000.2 Defense Acquisition Managemerit Policies/Procedures.
DOD Mamud 5000.2-M Defense Aquisitiop Management Documentation/Reports.

9

(Appliwtion for copies should be addressed to the Standardization Documents order
Desk Building 4D, 700 Robbins Avenue, Philadelphi~ PA 19111-5094)

14

Downloaded from https://www.everyspec.com



MILSTD-2036

FEDERAL REGULATIONS
29 CFR 1910 Code of Federal Regulations, TMe 29, Part 1910.

(The Code of Federal Regulations (CFR) and the Federal Register (FR) are for sale on
a subscription basis by the Superintendent of Docurnen& U.S. Government Printing
Office, Washington DC 20402. When indicated reprints of certain regulations maybe
obtained from the federal agency responsible for issuance thereof.)

GENERAL SERVICES ADMiNISTRATION
FPMR 101-29 Federal Standardization

(Application for Copies Shodd be addressed to the Superintendent of Documents, US
Government Printing Office, Washingto~ DC 20402)

CHIEF OF NAVAL OPERATIONS
SECNAVINST 200.32/
OPNAVINST 5200.28

SECNAVINST 4490.2
SECNAVINST 5231.lB

SECNAVINST 5239.2

OPNAVINST 1500.2

OPNAVINST 1500.8
OPNAVINST 1500.44

OPNAVINST 3000.12
OPNAVINST C551O.93

Life ~cle Management of Mission Critical Computer.
Resources (MCCR) For Navy Systems Managed Under the
Researc@””Developmen~and Acquisition (RDA) Pr~~ ,,. ~
Transition From Development to Production
Life Cycle Management (I-CM) Policy and Approval
Requirements for Information System (IS) Projects.
Depa!-tment of the Navy Automated Information System
(~sj wti~ ROWIIL

Responsibilities and Procedures for Establishment and .
Coordination of Contractor - Developed Training For
Military and CiviliW PersonneL
Navy Training Planning Process.
Responsibilities for Development of Personnel Training
Requirements and Related Plans.

..

Operational Availability of Equipment and Weapons Systems.
Navy Implementation of National Policy on Control of
Compromising Emanations (limited distribution). .

(Application for ~pies Shodd be addr=ed to Naval Publications and Forms Center,
5801 Tabor Avenue, Philadelphi~ PA 19120-5099)
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NAVAL SEA SYSTEMS COMMAND
S9407-AB-ATM-010 Nuclear Powered Submarine Atmosphere Control Manual.
TEOOO-AB-GTP-020 Environmental Stress Screening Requirements and

Applications Manual for Navy Electronic Equipment.

I TEOOO-AB-GTP-O1O Parts Derating Requirements and Application Manual for
Navy Electronic Equipmen~

I @pp~wtion for copies should be addressed to the commander, Naval Sea Systems
Command Naval Sea Systems Command Headquarters, Washington DC 20362-5101)

I NAVSEA Instruction C3401.1 Nuclear Survivability Design Standards for Surface
Ships of the U. S. Navy. (limited distribution)

I (Application for copies should be addressed to the Commander (@de 09P21), Naval Sea
Systems Cormqand, Naval Sea Systems Cmrmiand Headquarte~ Washingto& DC
20362-5101)

I SPACE AND NAVAL WARFARE SYSTEMS COMMAND
NAVELEX O967-LP-624-6O1O Electromagnetic Radiation Hazards.

I
(App~ation for copies should be addressed to the Standardization Documents Order
DeslGBuilding 4D, 700 Robbins Avenue, l%iladelphi~ PA 19111-5094)

NAVAL SURFACE WARFARE CENTER
NSWC TR 87-192 Suggested Electronic Equipment Standards for Nuclear

Weapons Environments.
NSWC TR 90-22 Basic Nuclear Sumivability Concepts for Navy Computational

Electronics.

(Application for copies should be addressed ,to the Naval Surface Warfare Center,
DahlgreL VA 22448-5000)
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“NAVALWEAPONS SUPPORT CENTER
NAVSEA SE O1O-AA-SPN-O1O Standard Power Supply Prograq General

Specification for Power Supplies.

(Application for copies should be addressed to the Naval Weapons Support Center,
Code 6023, Bldg. 2917, Crane, IN 47522-5060)

NAVMAT P 4855-1A (NAVSO P-3641) Quality Assurance Poliq For the Naval
Material Command.

(Application for copies should be addressed to the Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphi& PA 19120-5099)

SHARP TP-001 Standard Battexy Systems - “Preferred Standard
Battery List”.

(Application for copies should be addressed to the Naval Weapons Support Center,
Code 602, Bldg. 2940, Crane, IN 47522-5060)

TM S391OAQ-SAF-O1O Technical Manual for Batteries Navy Lithium
Safety Program Responsibilities and
Procedures.

(Application for copies should be addressed to the Naval Weapons Support Center,
Code 3057, Bldg. 36, Crane, IN 47522-5060)

DRAWINGS
DEFENSE ELWTRONICS SUPPLY CENTER (DESC)
87060 Circuit Breake~ Magnetic, Panel Seal, Shock Enhance~

Trip-Free, Series Trip, Single Pole (0.2 to 30 Amperes).
87061 Ci&it Breake5 M~~eti& Panel m Shock E&ince@

Trip-Free, Series Tr$, Two Pole (0.2 to 30 Amperes).
87062 Circuit Breake~ Magnetiq Panel S@ Shock Balanced Trip

Free, Series Trip, Three Pole (0.2 to 30 Amperes).

(Application for copies should be addressed to the Defense Electronics Supply Center,
Attn SESC-ES,’1507 Wilmington Pike, Dayto~ OH 45444)
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2.2 ~orEGo ernme t Dublieatio~ The following documents form a part of this
document t: the extent specified herein. Unless otherwise specified the issues of the
documents which are DOD adopted are those listed in the issue of the DODISS cited in
the solicitation. Unless otherwise specified the issues of documents not listed in the
DODISS are the issues of the documents cited in the solicitation.

AMERICAN CONFERENCE OF GOVERNMENT AND INDUSTRIAL
HYGIENISTS (ACGIH)
ISBN 0-936-712-39-2 Threshold Limit Values (TLVS) for Chemical Substances and

Physical Agents in the Work Environment.

(Application for copies can be obtained through any commercial bookstore.)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ANSI C95.I Safety levels with respect to human exposure to radio

frequency electromagnetic fields, 300 Hz to 100 Ghz
ANSI C95.2 Radio frequency radiation hazard warning symboL
ANSI (29593 Techniques and Instrumentation for the Measurement of

Potentially Hazardous Electromagnetic Radiation at
Microwave Frequencies.

ANSI Z53.1 Safety Color Code for Marking Physical Hazards.
ANSI N2.1 American National Standard for Warning symbols-Radiation

symbol.
ANSI X3.131 Small Computer System Interface (SCSI).
ANSI X3T9.5 Fiber Distribution Data Interface (FDDI) Station

Management (SMT).

(Applimtions for copies should be addressed to the American National Standards
Institute, 1430 Broadway, New York NY 10018.)

AMERICAN SOCIETY OF HEATING AND AIR CONDITIONING ENGINEERS
(ASHRAE)
ASHRAE Handbook HVAC Systems and Applications.

(Appfimtion for copies should be addressed to the American Society of Heating and M
Conditioning Engineers, 1791 Tullie Circle, NE, Atlan@ GA 30329)
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AMERICAN SOCIETY FOR TESTING AND MA~RIA.LS
ASTM A 153 Standard Specification for Zinc Coating (Hot-Dip) OriIron

and Steel Hardware.
ASTM A 4944 Standard Specification for Cas~ Nickel and Nickel Alloy.
‘ASTM B 16 R@ Bar and Shapes for Use in Screw Machine% Free

Cutting Brass.
ASTM B 21 R@ Naval Brass, Bar and Shapes (METRIC).
ASTM B 26 Ahl@’lUm-&Oy Sand @tingS.
ASTM B 36 Brass Plate & Sheet Strip and Rolled Bar.
ASTM B 121 Plate, Leaded Brass, Shee~ Strip and Rolled Bar.
ASTM B 122 Plate, Shee6 Strip, and Rolled Bar, Copper Nickel Tin Alloy,

Copper Nickel Zinc Alloy, (Nickel Silver) and Copper Nickel
Alloy.

ASTM B 124 . Copper and Copper Alloy Forging Rod Bar and Shapes.
ASTM B 138 Manganese Bronze R@ Bar and Shapes.
ASTM B 139 Phosphor Bronze Rod, Bar, and Shapes, General

Specification for.
ASTM B 151 Rod and Bar, Copper-Nickel-Zinc Alloy (Nickel Silver) W!re

and Copper-Nickel Alloy Wire.
ASTM B 194 Copper-Beryllium Alloy Plate, Shee4 Strip and Rolled Bar.
ASTM B 196 Copper-Be@ium Alloy Rod and Bar.
ASTM B 197 Copper-Be@hun Alloy Wire.
ASTM B 206 Copper-Nickel-Zinc Alloy (Nickel & Silver) Wire and

Copper-Nickel Alloy Wire.
ASTM B 545 Standard Specification for El*odeposited Coatings of Th
ASTM B 633 Stidard Specification for Electrodeposited Coatings of Zinc

on Iron and Steel. (DOD Adopted)
ASTM D 1868 Standard Method for Detection and Measurement of Partial

Discharge (@em) Pulses in Evaluation of Insulation
Systerm

ASTM D 3951 Standard Practices for Corniriercial Packing.
ASTM D 4169 Performance Testing of Shipping Containers and Systems,

Practice of.
ASTM F 104 Standard Classification System for Nonmetallic Gasket -

Materials.
ASTM F 1166 Standard Practices for Human Engineering Design for

Marine Systems, Equipment and Facilities.
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(Appli~tion for copies should be addressed to the American society for Testing md
Materials, 1916 Race Street Philadelphia PA 19103.)

ELECTRONIC INDUSTRIES ASSOCIATION (IUA)
RS-232 Interface Between Terminal Equipment and Data Circuit-

Terminating Equipment Employing Serial Binary Data
Interchange.

RS-31O Racks, Panels, and Associated Equipment. (DOD Adopted)
RS-422 Electrical Characteristics of Balanced Voltage Digital

Interface Circuit.

(Application for copies should be addressed to the Electronic Industries kociatio~
2001 Pennsylvania Avenue, NW, Washingto~ DC 20006.)

THE INSTITUTE FOR INTERCONNIXHNG AND PACKAGING ELWXRONIC
CIRCUITS (IPc)
D-330 CIU Documents.

(Applimtion for copies should be addressed to the Institute for Intercomecting and
Packaging Electronic Circui@ 7380 N. Lincoln Avenue, LincohIwo@ IL 60646.)

INTERNATIONAL ELECT’ROTECHNICAL COMMISSION (IEC)
68-2-llKa Basic Environmental Testing Procedure Part 2 T’es@Test

I@ salt Mist.
68-2-13 Basic Environmental Testing Procedures Part 2: Tests, Test

M: Low Air Pressure.
68-2-30Db Basic Environmental Testing Procedures, Part Z Tes~ Test

Db and Guidance: Damp Hea~ ~clic (12 + 12 hour qcle)
68-2-3Ca Basic Environmental Testing Procedur~ Part 2 Tes@ Test

C-XDamp Heat Steady State.

(Application for copies should be addressed to the American National Standards
Institute, 1430 Broadway, New York, NY 10018)
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INSTITUTE OF ELECI’RICAL AND ELECTRONIC ENGINEERS (IEEE)
IEEE 100 IEEE Standard Dictionary of Electrical and Electronic

Terms.
IEEE 200 Reference Designations for Electrical and Electronics Parts

and Equipments (ANSI Y32.16, DOD adopted)
IEEE 260 IEEE Standard Letter Symbols for Units of Measurement (S1

Uni& Customary Inch-Pound Units, and Certain Other
units).

IEEE 268 Standard Metric Practice (DOD adopted)
IEEE 280 Standard Letter Symbols for Quantities Used in Electrical

Science and Electrical Engineering (DOD adopted)
IEEE 315 Graphic Symbols for Electrical and Electronics Diagrams

(Including Reference Designation Class Designation Letters)
(ANSI Y32.2)

IEEE 315A Supplement to Graphic Symbols for Electrical and
Electronics Diagrams (DOD adopted)

IEEE 488.1 IEEE Standard Digital Interface for Programmable
Instrumentation.

IEEE 696 IEEE Standard 696 Interface Devices
IEEE 802.3 Information Processing Systems - Local Area Networks - Part

3: Carrier Sense Multiple Access with Collision Detection
(CSMA/CD) Access Method and Physical Layer
Specification

IEEE 802.5 Token Ring Access Method and Physical I.ayer
specifications.

IEEE 896.1 IEEE Standard Backplane Bus Specification for
Multiprocessor Architectures: Futurebus

IEEE 961 Standard for an 8-Bit Microcomputer Bus System STD Bus
IEEE 1014 Standard for a Versatile Backplane Bus: VMEbus
IEEE 1196 Standard for a Simple 32-Bit Backplane Bus: NuBus
IEEE 1296 Standard for a High-Performance Synchronous 32-Bit Bus:

MUIX’IBus II

(Appli@ions for copies should be addressed to the Institute of Electrical and Electronics
Engineers Inq 345 East 47th Street New Yorlq NY 10017.)
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NATIONAL FIRE PROTE~ON ASSOCIATION (NFPA)
NFPA 70 National Electrical Code (NEC)

(Application for copies should be addressed to the National Fire Protection Associatio~
One Batterymarch Parlq P. O. Box 9101, Quincy, MA 02269-9101.)

UNDERWRITERS LABORATORIES. INC.
IL-478 Information~Pro~ssing and Business Equipment
ULI012 Power’Supplies.

(Application for copies should be addressed to the Underwriters Laboratories, Inc., 333
Pfingsten Roa~ Northbroolq IL 60062.)

2.3 Order of meceden~. In the event of a conflict between the text of this document
and the references cited here~ the text of this document takes precedence. Nothing in
this documen~ however, supersedes applicable laws and regulations unless a specific
exemption has been obtained.

e

22

Downloaded from https://www.everyspec.com



MILSTQ-2036

3.1 Jlefiitio~.
apply.

,., ~.

3. DEtiITIONS ,.>

For @e purpose of this specification the following deftitiom shall

3.1.1 Battleshort. Battleshort is a function which disable-sequipment prote~on hd “
personnel safety interlocks in order to keep the eqyipment on-line during high readiness
states. It maintains the maximum available mission readiness and system availability by
avoiding interlock caused shutdowns and prolonged start-ups.

3.1.2 ~. Command, control, communications, computer and intelligence. “’ ~

3.12 Catastrop hic faull. Faults which destroy the system or subsystem”Ud i~ function
almost immediately. ,,

3.1.4 CLIPS. Classified information processing system. Any equipment de~% or system
which is electrically powered and processes, co~verts; reproduces Or o~he~se,
manipulates any form of classified information.

>.,

3.1.5 co mmOmisinz emanations. Unintentioriii.l intelligence-befig signals w~cti if
intercepted and analyzed, disclose the national security information transmitted received,
handled or otherwise processed by any classified information .processkg, Systen

3.1.6 Continuously dema dirw faul& Faults which permit continued use of the equipment
for a limited time. However, if operation continues for protracted times the system will
transition into a catastrophic faylt.

3.1.7 COTS. Commercial off the shelf. Items or equipment w~ch can be purchased
through commercial retail or wholesale distributors as is (for example, equipment that
available ‘asa cataloged item).

3.1.7.1 FDDI. Fiber Distniution Data Interface.

is

3.1.8 EISA. Extended industq standard architecture. -
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3.1.9 13MCON. Emission control. A shipboard operational condition in which acoustic,
electromagnetic, and optical emitters such as radars and communications equipment are
inhibited or limited.

3.1.10 m. Electromagnetic interference. Any electromagnetic disturbance that
-. interrupts, obstructs, or otherwise degrades or limits the. effective performance of

electronics or electrical equipment. It can be induced intentionally, as in some forms of
electronic warfare, or unintentionally, as a result of spurious erriissions and reqjcmses,
intermodulation products, and the like.

3.1.11 BMP. Electromagnetic pulse. An electromagnetic traveling wave resulting from a
nuclear event.

3.1.12 Enclaving. A synergistic zoning of the combat system Hull, Mechanical, and
Electrical (HM&E) systems, and damage control systems into regions which if necessaxy,
can function independently to provide a subset of the ship’s mission capabilities.

3.1.13 J?ailur~. See IEEE 100. Several definitions exis~ dependent upon the
applicationjtype equipment to which it applies.

3.1.14-. See IEEE 100. Several definitions exis~ dependent upon the
application/type equipment to which it applies.

3.1.15 J%llv hardened . The most stringent performance requirements for service and
combat conditions.

3.1.16 Functional eau” eme G. Parameters related to the ability of the equipment to
perform its intend~d hio~ Examples are frequency, bandwid~ and so forth.
Functional requirements shall be delineated in the end item specification. Specification
guidance for functional requirements is not provided in this document.

3.1.17 ~FB. Government Furnished Baseline.

3.1.18 GIDEP. Governrnent/Indus~ Data Exchange Program, GIDEP maybe
contacted at: GIDEP Operations Center, Coron~ CA 91720-5000.

3.1.19 GPIB. General purpose interface bus.

3.1.20 Greenwate r loading. Mechanical loading due to wave slap.
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3.1.21 JAN. Local area network. . .,

3.1,22 Leak~ current. All currents, including capacitively coupled currents, that
conduct between exposed conductive surfaces of a unit and ground or other exposed
surfaces of the ,u@t.. ,

3.1.23 &fCCR. Mission critical computer resources. Computer resources acquired for
use as integral parts of weapons; command and control; communications; intelligence;
and other tactical or strategic systems aboard shim aircr~ and shore facilities and their
support systems. The term also includes all computer resources associated with specific
program developmental test and .evaluatio~ operational test and evaluatio~ and
post-deployment software support including-weapon system trainer devices, automatic
test equipment land-based test sites, and system integration and test environments.
(Tactical Digital Standwd (TADSTAND) ~ Space and Naval War Systems Command
(COMSPAWARSYSCOM).

3.1.24 ~ilitarize~. Those items which are specified and manufactured to military .
specifications and shall withstand all environmental conditions which may be
encountered during wartime seMw.

3.1.2S~inimal accetXanm. The least strict performance criteria which shall be met for
equipment to be used in the application area for which the requirement is specified.
Minimal acceptance is typically applied to COTS equipment for light duty (non-mission
critical) applications.

3.1.26 Jvfissioncriti~. Equipment that contributes significantly to the platform’s safety,
maneuverability and confiued combat capability. To be co~idered ~rnissioncritical”,
the equipment shall be specifically identified as such by the platform sponsor.

3.1.27 Modified CO~ . COTS equipment that has been customized to meet functional
requirements. Within this documen~ all references to COTS equipment performance
shall be construed to include modified COTS items unless otherwise indicated.
Ruggedized is COTS or modified COTS equipment that is modified to meet specified
service requirements.

3.1.28 ~odu Iarizing. The ability to remove and replace all components. supporting a
common function in a single operation.

3.1.29 ~F. MTBF shall be defined as mean time between failure.
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3.1.30 m. MTT’Rshall be defined as mean time to repair. “ ““ ““ z

3.1.31 MTTF, MTTI? shall be defined as mean time to failure. ,.

3.1.32 ~. Nondevelopmental item. NIX equipment can be COTS, ruggedized or
militarized. NDI shall be defined as any of the follo~

(a). Itemof supply that is available in the commercial marketplace.

(b). Previously developed item of supply that is in use by a department or agenq of the
United States, a state or local Government or a foreign Government with which the
United States has a mutual defense cooperation agreement.

(c). Item described above that requires only minor modifkation to meet the procuring
agency’s requirements.

(d). Item currently being produced that does not meet the above requirements solely
because it is not yet in use, or not yet available in the commercial marketplace (section
907 of the Defense Acquisition Improvement Act of 1986).

3.1.33.1 m. National Pipe Threads.

3.133.2 JTI’IX$. Navy Technical Data Systems.

3.1.33 mS~ Naval Weapons Support Center Crane.

3.1.34 Operati“onal constrain~ Limits (parameters) which define the operational
characteristics and/or environment of a componen~ uni~ assembly or system

3.135 Ooerati“onal availability. The expected percentage of time that a weapon system
or individual equipment will be ready to perform satisfactorily in an operating
environment when called for at any random point in time.

3.1.36 OSA. Open systems architecture. OSA shall be defined as design approach
whereby hardware/software are designed to non-proprietary standards to allow the
interfacing of components and systems manufactured by multiple vendors.

3.1.37 fk.in texg Intelligible text or signals which have meaning and which can be read
or acted upon without the application of any decryption (see 3.1.4).
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3.1.38 Fewer density. The power density shall be defined as output power supply
envelope volume, including cooling components/fins and EMI filtering where required.

3.1.39 ~& -n mana~er. Shall be understood to refer to the Government program
manager.

3.1.40 Ree npineering. Examination and alteration of an existing system to reconstitute it
in a new form and the subsequent implementation of the new form.

3.1.41- dize~. C(YI3 or modified COTS equipment that is modified to meet
specified service requirements. Modified COTS‘in~olvesmodifications to meet
functional requirements; Ruggedized incorporates modikations to meet service
requirements. This may be in the form of added parts, such as shields and shock
mounts, power conditioners, and so forth, or in the form of direct modification to COTS
equipment.

3.1.42 ~.

3.1.43 SCSI.

3.1.44 SEM,

Standard Battery System (see 4.1.2.1).

Small computer systems interface.

Standard Electronic Module (see 4.1.2.1).

3.1.45 ~ervice reauiremen~. Parameters related to the ability of an equipment to
perform in its intended environment. The principle categories of serviw-requirements
and their relationship to a piece of equipment are presented in FIGURE 2. The
specification of service requirements is discussed in detail in sections 4 and 5.

3.1.46 ~. Standard Enclosure System (see 4.1.2.1).

3.1.47 SHARP. Standard Hardware Acquisition Reliability Program A coordinated
progr% residing at the NWSCG for providing standard hardware for improved
acquisition and reliability. This program includes the SES, SBS,SEM and SPS.

3.1.48 fible demade d faul&. Faults which will permit indefinite continued use of the
equipment at a reduced capability.

3.1.49 f$heltere~. Installations that are protected from the external environment. This
includes both controlled and uncontrolled internal climates.
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3.1.50 3ADSTAND. Tactical Digital Standard.

3.1.51 ~MPEST. A short name referring to investigations and studies of compromising
emanations. It is sometimes used synonymously for the term ampromising emanations.

3.1.52 J’RE13. Transient radiation effects on electronics, resulting from a nuclear event.
In sensitive semiconductors, the energy absorbed in electronics maybe sufficient to
toggle a p-n junction to the conducting state, ad if mainta.ine~ the device may fail
catastrophically. Also, radiation may sufficiently a.iter the design characteristics of
semiconductors that the equipment will not function properly.

3.1.53 Unsheltered. Installations that are not protected from the external environments.
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4. GENERAL REQUIREMENTS.

4.1 ~olicv W“danc~ ‘Ihe specifier shall tailor performance and design criteria to meet
the applications and operating conditions for which the equipment is intended to be
used The requirements specified herein apply to Shipboard applications; they may also
be applied to other application areas at the discretion of the program sponsor. This
document implements the acquisition policies of the Department of Defense and the
Navy Department as they relate to electronic equipment purchases.

4.1.1 ~dicabili@ COTS and ruggedized equipment are acceptable for all applications,
including mission critical systems, provided they meet service requirements and
functional, requirements. The principal @ification for the use of COTS and ruggedized
equipment is rapid introduction of new technologies into militaq applications. In some
instance% cost savings may also be possible (see 4.3.3).

4.1.2 -ition Preference. The order of preference for the consideration of
equipment design and selection shall be NDI (which includes COTS), ruggedize~ and
militarized (which may also be NIX).

4.1.2.1 ~. The use of NDI is encouraged. Guidelines are provided in
DOD-HDBK-SD-2, Examples of such items are Standard Electronic Modules (SEM) in
accordance with MILSTD-1378, MIIXDBK-246, and certified in accordance with
MILM-28787; Standard Battery Systems (SBS); Standard Enclosure Systems (SES) in
accordance with MIIXI1l-220@ and Standard Power Supplies (SPS) in accordance with
NAVSEA SE O1O-AA-SPN-O1O.To prevent large numbers of SEM A and B modules,
the specifier shall specifj SEM D modules and larger for new developments, where
appropriate.

4.1.2.2 Modified CON. Where a functional parameter must be modified to meet
operational requirements, the use of modified COTS equipment is the preferred
acquisition optio~ provided cost and logistic considerations are favorable.

4.1.2.3 ~edized eauipme n~. Where COTS and modified COTS equipment is not
available to meet functional requiremen~ ruggedization is the preferred strategy to meet
the service requirements of the military environment provided cost and logistic
considerations are favorable.

29

Downloaded from https://www.everyspec.com



MIIATD-2036

4.1.3 ~1)edification selection. Where available, end item specifications shall use or cite
commercial consensus standards of U.S. industry as a first preference, international
consensus standards as a second preference, and military/federal specifications and
standards as a third preference. The cited specifications shall be suitable for the
specified environment and seMce conditions (see 5.1.1, 5.1.2, and 5.L3).

4.1.3.1SDedification ~idanc~ Specifications shall follow the general guidelines of
MUAH’D-961 or MIIAWD-4&l for format. Commercial item descriptions (CIDs) shall
follow the guidance of DOD 4120.3-M and the format and instructions for the
preparation of CIDS in accordance with FPMR 101-29.

4.1.3.2 Comwter-aide d Acquisition and L@.st”cs Swort (CAM] . The end item
logistics specification shall be delivered in tie lCALSformat following the guidelines set
forth in MJLSTD-1840, MILD-28000, MILM-2$001, MII-A-28002, MILD-28003 and
MUA-IDBK-59 for data interchange. The technical package shall be specified and
delivered in accordance with requirements tailored from MILT-31OOO.

4.1.4 ~ailorhw of rea-uiremen~. Applications vw both in terms of ~verity and
criticality. Two factors of significant importance in the military environment that are not
common in the commercial environment are survivability and combat system integration.
The purpose of the platform is to carry out its mission in wartime conditions, which may
include exposure to such hazards as slmclq fire, and heat. Furthermore, the specifier
must understand constraints and limitations of supporting systems which must operate
under the same conditions, and accommodate the direction of future system designs, such
as integrated combat systems. The requirements contained in sectioms 5.1.1 through 5.13
apply to all acquisitions including COTS and ruggedized. The requirements specified in
sections 5.L4 through 5.1.9 apply to militarized acquisitions; those requirements may also
be selectively applied to COTS and ruggedized acquisitions when it is deemed
appropriate by the program sponsor.

4.1.4.1 Unique Amlicatiom. Unique requirements, such as arctic operations, shall be
carefully addressed so that the tailoring does not drive up the performance criteria and
costs urinecessarily for all equipment when the unique requirement applies to either a
small fraction of the units being acquired or has a very low probability of occurrence. A
separate, less expensive solution shall be considered, such as modification of individual
units and the development of field kits/add-ens to prepare for the unique application.

4.1.4.2 Commonality. Where similar functions are performed by different equipment
consideration shall be given to incorporating all required capabilities into one piece of

30

Downloaded from https://www.everyspec.com



I

● MIiAWI1-2036

hardwtie. Also, the end item specification shall be non-proprietary h--that any qualified
manufacturer may provide the equipmen~ rather than being a sole-source,item. ”

4,1.4.3~ssioti ~cal egu”pmen~ Unless required to meet forecast design con~tions,
fully hardened requiremen~ shall-be

3
ecified for mission critical equipment only, and

then oidy to the extent ‘applicable. I equipment is not intrinsically treated as mission
critical To be considered mission critical, equipment shall be specifically identified as”
such by the platform sponsor.

4.1.4.4 ~u -ir)ment s’ixxificatiu me specifier is cautioned in the tailoring of equipment
requirements, that the specifkation requirements ,are driven by the application rather
than existing equipment capabilities.

~ 4.1.5 tien system architect r~. Where possible, an open system architecture shall be
I used. . ,.

4.2 Mission critical svstem le el r~ rem-v i . The following requirements apply to all
mission c@tica.1equipment. Additionally, these requ~ements shall be reviewed for
applicability to non-mission critical equipment and tailored into the equipment.

● specifications as appropriate. ~

4.2.1 firvivability. Sumivability shall be a major design criteria for all mission critical
equipment. Sumivability features include the ability to withstand battle damage (graceful
degradation), to be maintained at maximum readiness during an engagement
(recmfiguration), and to permit rapid repairs following any casualties (modularity).

4.2.1.1 ~esho~ Interlock byp~ circuits shall be provided to override personhel
safety and maintenance interlocks. Interlocks. provided for prote@gn against
catastrophic fauhs shall not be bypassed. Interlock bypass circuits sIM.11be provided to
override equipment interlocks used to protect against continuously degrading faults and
stable degraded faults. Interlock bypass circuits shall latch so that ‘lossof power does not
disable the battleshort mode. The use of battleshort accepts the potential damage to
equipment as a tradedf for its operation during battle.

4.2.1.1.1Battleshort indication Visual indication shall b provided when the equipment
‘\ is in the battIeshort mode. Indicator Iights shall be located in a position clearly visible to

personne~ and on the chassis of the equipment that is in the battleshort mode. An
audible alarm shidl be provided to indicate when personnel hazards exist while in the
battleshort mode. Consideration shall be given to providing a means for manually
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disabling the audible alti The mea for manually disabling the audible alarni shall
be such that the audible alarm will be re-enabled when the alarm signal has been
removed. Means shall also be provided for remote indication of the battleshort mode at
supervisory stations.

4.2.1.1.2 Activation of b~ The equipment shall ~ pr~vided with means for
remote activation of the ba.ttleshort mode. The remote feature shall be so ‘that spurious
signals do not disable the battleshort mode. The equipment shall also be provided with
a maintenance switch for disabling of the batt.leshort feature, and means for remote
indication of the switch positiom” Where applicable, the battleshort feature shall be
disabled when equipment is in the training mode. Where equipment has both manual
and automatic restart modes, the equipment shall go into the automatic restart mode
when battleshort has been enabled.

4.2.1.1.3 ~tast roDhic fault indication. Interlocks for protection against catastrophic
faults shall include provisio~ to indicate the cause of equipment shutdown when in the
battleshort mode. The indication circuitry shall be so that status indication will be
maintained through power interruptions of up to 8 hours. The titent of this requirement
is to identify cause of shutdown following ship shock trials, or under casualty cmiditions,
when inadvertent loss of power has occurred. Circuitry used during ship shock trials to
meet the foregoing requirements consisted of a voltage detector which trigger a’silicone
controlled thyristor (SCR). This SCR was series connected with a capacitor, resistor,
and light emitting diode (LED). The S~ when triggered latches to the “onwstate, and
the capacitor discharges through the LED, providing an inditition that the voltage
detector has operated.

4.2.1.2 ~mart ~ Equipment rated 5 kilowatt (kW) or more shall be provided
with a means for being placed in a low power mode when loadshed has been activated
fkom a remote locatiom This may include reduced capability, standby, or turn-off. The
low power mode shall be so that the equipment will automatically resume full specified
performance when loadshed has been de-activated. As an alternative, units maybe
provided with an un-interruptible power supply (UPS).

4.2.1.3 @ns monitorirw and cent ro~. Systems and equipment shall be designed for
supervisory monitoring and control from a central locatio~ for implementation of a total
ship mission readiness assessment and reporting systefi To ensure adequate
capabilities, the”following information shall be available: Equipment operational status,
battleshort indicatio~ EMCON conditiou interface operations, and capability level.
Control capabilities include the ability to perform smart loadshe~ central setting of
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battlesho~ EMCON, and combat system reconf@ration control. For equipment that.
does not have a kid area network (LAN) interface and requires low volume ““
communications, the monitoring and control capabilities may be incorporated using a
North Atlantic Treaty Organization (NATO) Low Level Serial inte~ace k accordance
with MIIATD-1397. Specifications for equipment level cmn.munications devices are
provided in the appendix of MIIASTD-1397. For submaripe applications, specific
guidance shall be provided by OP-02 in conjunctiori with Naval Sea Systems @nmand
(NAVSEASYSCOM)(SEA-08).

.,

4.2.1.4 Redundance and enclaving. Redundancy criteria shall be determined from the
operating requirements and includes multiple independent signal paths, parallel
processing auxiliary/standby components, and backup controls to eliminate single points
of failure. Modularizing and encla@g shall be utilized to improve the equipment I
sutivability and to reduce M’ITR. Modularizing should incorporate the use of SEM,.
SPS,”SBS,~d SES (see 4.1.2.1).,

4.2.1.5 special consideratio~. Although the combatant’s mission priority may be
simultaneous engagement of multiple threats and other tactical offensive capabilities, the
equipment designer shall also consider soft kills that may be inflicted by lightly armed
adversaries for example gunboats. The ‘concern is secondary damage (fiagme~tatio~
water and heat) resulting from otherwise inconsequential hostile fire. Also, a higher
level of survivability is needed for point defense and maneuverability subsystems for a
damaged combatant to safely withdraw and effect repairs.

4.2.2 power interface.

4.2.2.1 firface ship electrical power. Mission critical equipment shall remain fully
operational through momentary power interruptions of 100 milliseconds or less, operate
through line voltage variations of plus 35 percent to minus 20 percen$ limit line current
harmonics to 3 percent of the fundamental, be suitable for continuous operation horn 50
to 67 hertz (Hz), and shall immediately (within 1 second) restart followhig short term
power interruptions of less than 5 minutes duration. Compute& that require longer than
1 second to are-boot’ shall be modified to retain volatile memory during short term
power interruptions. To meet this requiremen~ commercially available battery backup
cards can be used that plug into expansion slots. High power trans@tters shall inhibit
pulses but otherwise remain fully operational until external power has been restored.
The above requirements we to provide for continued combat capability under the
casualty and emergency conditions expected to be encountered aboard ship.
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4.2,2.1.1 ~avv st~d ard Electrom“cPower Svstem. To achieve the foregoirig
requirements, the Navy Standard Electronic Power System (described h A~pendix A)
may be implemented. Implementation may be either completely internal to the
equipment or as a stand alone unit supplying a group of low powered, functionally
compatible equipment.

4.2.2.1.2~ircuit breaker urotectiou The circuit breaker protection for the equipmen~
and the interface to the electrical power system shall coordinated to ensure that the
circuit breaker closest to the cause of an overcurrent or fault current condition will trip
first. This requirement is to prevent inadvertent shutdown of adjacent equipment”
connected to a common source.

4.2.2.2 Advanced electrical distribution system. New combat systems, for example, high
energy weapons, will put a strain upon electrical power resources and impose significant
transients on the electrical “system. Specifications for new electronic equipment shall
incorporate the anticipated electrical system characteristics and isolate the equipment as
much as possible, for example, through the use of the Navy Standard Electronic Power
System.

4.2.3 Comtmter aDK)licatioM. Equipment shall have non-proprietary intra-computer and
inter-computer interfaces which support an open architecture. Computer programming
languages shall be higher order whenever possible. For equipment which is not ND~
ADA (a computer language) is the preferred language. All computer resources will
comply with the computer security requirements of SECNAVTNST5239.2. Equipment
shall be capable of accepting upgrades in computer technology and be capable of
interfacing with all system architectures envisioned during its seMce life.

4.2.3.1 ~C~. MCCR shall be in accordance with SECNAVINST 200.32 and
OPNAVINST 5200.28.

4.2.3,2 Auto .
ated data g ocess ~ (ADP) eW iDmen~. ADP equipment shall be in

accordance ~th SECNAbS~5231.lB.

4.2.3.3Qaabws.The preferred method for data transfer between system components
shall be by a common data bus. Where point to point data transfer is require~ a digital
format shall be the preferred method in lieu of an analog format. The use of an industry
accepted standard data bus format is encouraged. Tables I and II describe industry
standard external interfaces and internal data busses, respectively.
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Table I. Standard External Interfaces

NTDs rNPuT/ouTPuT
SCSI
RS-232
RS-422
GPIB
TOKEN RING
ETHERNET
FDDI
TACI_lCAL
SAFENET II

MIL-STD-1397
ANSI X3.131
EIA RS-232
EI.A RS-422
IEEE Std 488.1
IEEE 802.5
IEEE 802.3
ANSI XY19.5
MIL-STD-188-200
(Under
development)

FORMAI
Digital (Parallel/Serial)
Digital (Parallel)
Digital (Serial)
..Digital(Serial)
Digital (Parallel)
Digital (Serial)
Digital (Seri~)
Digital fiber optic (seridj
Analog
Digital fiber optic (serial)

Table II. Standard Internal Data Busses

INTERFACE
Futurebus
Multibus II
NUBUS
s-loo
STD Bus
VMEbus
PC Bus
EISA

sTANDARD
IEEE 896.1
IEEE 1296
IEEE 11%
IEEE 6% -
IEEE %1
IEEE 1014
(Under development)
(Under development)

4.2.3.4 Fiber opti~. The preferred method for handling data transmission shall be fiber
optics. As required, fiber-optic ports shall be provided with equipment. The use of fiber
optics will improve system survivability, reduce EMI/EMP and TEMPEST concerns.
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4.2.3.5 Mass stor~ mech“~ Media shall be removable and designed to minimize the
effect of EMP and other strong magnetic and electrical fields. fie media shall consist
of nonvolatile memory capable of data retention for at least 10 years in an un-powered
state without loss of data integrity. The preferred method for read-only mass data
storage and retrieval is optical media. Magnetic media shall be limited to data with a
short term retentio~ write many applications, or non-mission critical functions.

4.2.3.6 Distributive mocessmg
.

. Reliance upon central computer systems for operation
and control of the combat system shall be avoided. Computing and processing functions
shall be placed at the system element which these funiions control to which input is
provided. Utilizing distributive processing the problem is broken down into functional
modules handled by available processors. The central computer acts as a coordinator for
the overall problem. Use of distributive processing improves performance, increases
reliability, permits modular upgrades, and reduces vulnerability to battle damage. Care
must be taken to assure problems that occur within a system can be isolated to the
equipment level.

4.2.3.7 ~oftware and firmwar~. All software and firmware shall be supplied in
accordance with requirements tailored from DOD-STD-2167. COTS software shall be
provided with documentation to meet the requirements of 4.3. Software upgrades shall
meet the requirements of 4.3.3.4 to ensure that data and databases generated under past
revisions can be read or converted for use into the later revision. Programmable
Read-Only Memories (PROMS) shall be documented for logistic purposes; the high-level
source code shall be provided for all militarized firmware.

4.3 General Wplication. Contracting activities shall tailor the requirements of this
standard to the needs of each acquisition and shall encourage contractors to submit cost
effective tailoring recommendatio~ based on life cycle economic analysis.

4.3.1 TEMPEST. All CUPS installed cm ships shall meet the TEMPEST requirements
of OPNAVINST C5510.93 and MILSTD-M80.

4.3.2 Enzineerirw manage men~. me guide lines for engineering management shall be in
accordance with MIIAXD-499.

4.3.3 Genera? consideratio~. Desi~ applicatio~ safety, and quality considerations, as
well as economic facto~ shall govern the selection of components, materials and
processes used in the desi~ acquisitio~ constructio~ and support of material for the
DOD. Whenever acquisition documents do not explicitly specify the iterns or standards
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and specifications to be use~ selection of a suitable standard or specification for a
specific design application shall be the responsibility of the contracting or design activity.
In this selection process, the following considerations shall goverm

4.3,3.1 ~conomic con.s”de*. When two or more items or processes will satisfy
design parameters, sel~ti~n shall be made in a manner that is most economical to the
Government. Economic factors include, but is not limited to, consideration of life-cycle
costs related to developmen~ initial fabrication productio~ reliability, operatioq
maintenance, supply, and replacement.

4.3.3.2.L@stic consideations. Logistic requirements shall be tailored from
MIIXI’D-1388-1 and as specified herein.

4.3.3.2.1 Documentation. Documentation for use, trainin~ operatio~ maintenance and
repair of equipment is required regardless of the acquisition option (COTS, ruggedized,
or militarized). This documentation shall clearly indicate the conditions in which the
equipment is designed to operate, and the specific requirements which must be observed
during installation and use of the equipment. Where adequate, the use of vendor
supplied documentation is encouraged. The contracting activity shall ensure that vendor
supplied documentation is accurate and complete, as documentation is of utmost
importance in military systems. Documentation requirements for hazardous materials
are spgcified in 4.7.2.

4.3.3.2.1.1Prop “etary informat ion. The program manager shall ensure that the
Government’s ;terests are protected with respect to vendor proprietary information
concerning equipmen~ In the event an equipment is removed from production or
deleted from the vendor’s catalog data rights and the right to other proprietary
information shall be transferred to the Government at the time maintenance support is
discontinued by the vendor.

4.3.3.2.1.2Drawimzsand nomenclaw. Drawings and nomenclature that is not NIX
shall be as specified hereim

4.3.3.2.1.2.1~rauhic symbo1s.Graphic symbols for electrical and electronics diagrams
shall be in accordance with IEEE 315.

4.3.3.2.1.2.2Reference designations . Reference designations shall be in accordance with
IEEE 200, IEEE 315, andlIEEE 315A
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4-3’3.2.1.23 ~. Stahdard letters and symbols representing quantities of -
measurement shall be in accordance with IEEE 260 and IEEE 280.

43.3.2.1.2.4 Metric pr-. Standard metric practice shall be in accordance with IEEE
268.

433.2.1.2.5 Ter minology The vocabulary and terms used to describe electronic systems
shall be in accordance ~th IEEE 100.

,4.3.3.2.2 Maintainability and reliability. Qumtitative maintainabfity requirements in
terms of MTTR shall be specified. Quantitative reliability requirements in terms of
basic reliability and mission reliability shall be specified. Guidance on maintainabili~”
program requirements is provided in SECNAVINST 4490,2. Guidance on reliabtity
program requirements is provided in MIIATD-785. The determination of quantitative
maintainability and reliabili~- requirements for COTS and ruggedized equipment shall be
the responsibility of the program manager. Analytical, field experience or test data shall
be required as evidence of achievement of reliability.

I
4.33.2.3 Operational av~“lability. Requirements shall be specified for operational
availability in the end item specification. Guidance is provided in OPNAVINST 3000.12.

I 43.3.2.4 Testability. Testability shall be as specified herein.

4.33.2.4.1 Test D OVNOIM
. .

Test provisions shall be provided for monitoring performance,
cal.iiratio~ and ;ault isolation in accordance with requirement 32 of I$fILSTD44. The
test provisions of the equipment shall provide the capabili~ for a strai@t fonmr~
logi@ step-by-step testing sequence, as well as providing for an end-to-end performance
check. The specific test capability ind class of test provisions shall be as specitled in the
end iterg specification.

43.3.2.4.2 Test equ -iDment and built .
test dew=

.
. Test equipment and built in test

devices required for calibratio~ ope~tio~ and maintenance shall be tailored from
MILT-28800. Design for testability shall be tailored from MIIATD-2165. Test
equipment calibration requirements shall be tailored horn MIMTD-M39 and M& -
STD-45662.

4.33.2.43 Test cable~. Test cables and extender w“ds shall be provided and fitted with
comectors to allow removable subassemblies to be ekxtric.ally reconnected for
maintenance.
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4.3.3.2.4.4 External test Do” E. Protection shall.be pro~ded in the test point circuitry to
prevent equipment damagemaused .bythe external grounding of test points. ~

4.3.3.2.4.5 special too1~. Special tools shall kept to a minimum and shall be in
accordance. with MIIXfD454, requirement 63. Special tools are defined as those tools
not listed in the Federal Supply Catalog (copies of this catalog may be”consulted in the
office of the Defense Contract Management Area Operations (DCMAO)).

4.3.3.2.5 Level of remu‘r analm. hvel of repair guidance is provided in
MIL.-STD-139O.

4.3.3.2.6Training. Training requirements shall be determined for the proper and safe
use, operatio~ maintenance, and repair of the system equipment and software.
Consideration shall be given to on-line and built-in training helps, aids, tutorials, and
other instructional media. The use of vendor and/or crew developed training is
encouraged. Vendor developed training shall be used in accordance with OPNAVINST
1500.2 and MIL$TD-1379, when appropriate. Vendor developed training shall be
integrated in Chief of Naval Education and Training (CNET) curricula in accordance
with OPNAVINST 1500.8 and OPNAVINST 1500.44.

4.333 J?eengineerirg Reengineering shall be considered for upgrading existing systems
in lieu of beginning new development efforts, and for developing software
documentation

433.4 Jntercharwea bilitv. Interchangeability shall be in a“ardance with MILSTIM54,
requirement 7. Interface performance specifications shall be provided for
interchangeable items as part of the item documentation specified in 4.3.3.2.1. ‘System
software shall be “reusable” in accordance with DOD-STD-2167 in the same sense as
interchangeability is applied to hardware items. Re-engineered iterns shall ~ backward
compatible as a minimum. Items, other than maintenance parts, from different sources
of supply may be designated as “fullyinterchangeable.”

4.4 J3wironmental des”m midan%. Environmental design guidance shall be provided by
the contracting activi~~

4.4.1 ~nvironmental DlarIS It is necessary to give proper consideration to environments
throughout the developm~nt process in order to obtain a quality product. To assure such
consideratio~ environmental management plans shall be formulated that require the
following engineering tasks: determination of life cycle environmental conditions;

39

Downloaded from https://www.everyspec.com



MILisTD-2036
3

establishment of environmental design and test requirements, including a test plan; the
collection and analysis of field data for verification of environmental design and test
criteria. Proper attention to each of these tasks ensures that the correct environments
are identified for test that engineering development as well as qualification tests are
phased properly into the item’s acquisition progr~ that environmental test conditions
are traceable to life cycle conditions realistically encountered and that testing is
appropriate for the item application, The following plans, task and documentation are
established to facilitate the tailoring process. Each will be prepared directly by the
contracting activity or by the contractor as directed by the contratig activity. Limited
information on environmental conditions is provided in MILSTD-81O and MILSTD-21O.
Information on electromagnetic environmental management guides is provided in
MIIXDBK-237 and MIIXI’D-21O.

4,4.1.1 Environmental desim criteria and test ~- la~. This plan shall be in accordance
with MIIATD-81O. This plan shall define the specific environmental design and test
requirements and include an environmental test plan. Results obtained under provisions
of above shall be utilized, along with the individual environmental test methods listed in
MIIATD-202 and MIIA3TD-81O. Consideration shall be given to the followirqy

(a). Probability of environmental occurrence, alone or in combination. Note: Mission
critical equipment shzdlbe suitable for operation in any condition that is to be
encounter~ regardless of the probability.

O)*

(c).

(d).

(e).

(f’).

Expected effects and failure modes.

Effect on hardware performance and mission success.

Likelihood of problem disclosure by the test methods.

Occurrence of simh environmental stress in more than one life proffle phase.

Experience gained from other equipment similarly deployed.

4.4.1.2 J3nvironment.almana~ement Dl~ The environmental management plan shall be
in accordance with MIHTD-81O. The overall purpose of this plan is to develop a
viable and cost effective program to assure that military equipment will be designed and
tested for all pertinent environmental conditions to which it will be subjected during its
life cycle. The overall management of the environmental program shall include
consideration of manpower requiremen~ scheduling life cycle, environmental
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c~nditions, test tailorirg test performance, analysis of results, corrective a~io~, and
collection of data abou~ and analysis of, actual field environments. Plans for monitoring,
assessing reporting and implementing the entire entionmental program shall be
addressed.

4.4.1.3 ~fe cvcle environmen~ m ofil~. The life cycle environment profile shall be in
accordance with MIIXID81O. A life cycle history of events and associated
environmental conditions for an item from its release from manufacturing to its
retirement from use shall be determined. The life cycle shall include the various phases
an item will encounter in its life, such as: handling, shipping or storage prior to use;
phases between missions, such as stand-by, storage, or transfer to and from repair sites;
geographical locations of expected deployment; and platform environments. The
environments and combination of environments the equipment will encounter at each
phase shall be determined. All potential deployment scenarios shall be described. The
following factors shall also be taken into account:

(a).

(b);

(c).

(d),

(e).

(f)*

(0

(h).

(i).

Conf@ration of the hardware.

Environment that is encountered.

Platform with which the hardware interfaces.

Interfaces with other equipment.

Absolute and relative duration of exposure phase.

Number of times phase will occur; i.nterrnittency of phase.

Probability of owurrence of environmental conditions.

Geographical Ibcation.

Any other information which will help identifi any environmental conditions which
may act upon the item

4.5 Human ermineering. Human engineering design criteria shall be considered.
Guidance for Militarized equipment shall be in accordance with MILH45855 and
ASTM F 1166.
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4.5.1 ~ccessibili~. Consideration shall be given to maintaining equipment accessibility
by maintenance persomel in the equipment’s installed configuration.

4.6 serial numbers. Serial numbers shall be unique to each unit of equipment. Serial
numbers shall be furnished by the vendor for COTS and ruggedized equipment, Serial
numbers may be furnished by the ,Government or vendor for militarized equipment

4.7 ~ arkimz reau iremen~. Marking of Militarized equipment and items thereof shall be
as spetiled herein and shall ~ in accordance with requirement 67 of MIL$T’D~54.
Identification plates shall be designed for normal service conditions in accordance with
MILP-15024 and MILP-15024/5.

4.7.1 Mounting and 10Cation. Identification plates and information plates shall be
mounted in a conspicuous spaqe generally on the front panel of the item level to which it “
applies when possible.

4.7.2 Hazardous .
ate The contracting activity shall be provided a material safety

data sheet (MSD~) a ~ of submittal of bid for each hazardous material (see 5.1.3.10).
The MSDS shall contain as a minimum all the data required by OSHA form 174which
is contained in FED-STD-3 13. The MSDS shall be included with each shipment of the
material covered by the end item specification, In order to obtain the MSDS, Federal
Acquisition Regulation (FAR) clause 52.223-3 must be incorporated into the contract.
Hazardous material containers shall be labelled in accordance with 29 CFR Part
1910.1200,MIXATD-129 and the appropriate Environmental Protection Agency and
Department of Transportation requirements. Parts containing hazardous mate~ such
as berylhm oxide insulators, shall also be labelled with the appropriate hazard warning.

4.7.3 Marking of electro~ic disc- (13SD)comDonen~. Enclosures, assemblies, and
subassemblies containing ESD sensitive components, MILSTD-1686, class I or II parts
or assemblies, shall be marked in accordance with MILSTD-129, DOD-STD-100, or
MII..A3TD-1285.Also, an ESD warning plate conforming to Figure 3 shall be readily
visible to persomel prior to gaining amess to class 1 and class 2 parts or assemblies.

4.7.4 Electrostatic dischargg. Electrostatic discharge control shall be in accordance with
MILSTD-1686 using the guidance of MIL-HDBK-263. When metal oxide
semiconductor parts and other parts sensitive to electrostatic discharge are utilized in the
equipmeng protective circuits shall be incorporated in the equipment to ensure that ESD
sensitive parts and subassemblies are protected in all phases of handling and testing.
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CAUTION
THIS EQUIPMENT CONTAINS PARTS AND ASSEMBLIES SENSITIVE

TO DAMAGE BY ELECTROSTATIC DISCHARGE (ESD).
USE PRECAUTIONARY PROCEDURES

WHEN TOUCHING, REMOVING OR INSERTING.

Figure 3. Electrostatic Discharge Warning Plate.

W-g labels shall be affixed to the protective packaging and to the equipnient. -
Warnings shall be provided in all relevant areas of the equipment technical manual.
Identification markings shall be affixed on all ESD sensitive subassemblies Visl%leto
maintenance persomel prior to maintenance handling in the equipment. Spare parts,
modules printed circuit board subassemblies, and so forth, shall be protected from ESD
damage. Electrostatic discharge tests shall be in accordance with MILSTD-1686. .

4.7.5 J4arkinu (lubrication po”nts). Lubrication points shall be marked as
LUBRICATION POW. .1

4.7.6 NOmenclature (item name and me des mat
.

ion]. Nomenclature (item name and
type designation) for the equipment shall be ~stablished in accordance with
MILSTD-196, MILN-18307, and MILSTD-1399, section 501. When specified in the
end item equipment specificatio~ nomenclature shall be established in accordance ivith
MILSTD-1661. The ‘assignment of type’designations does not constitute approval of
equipment or the use of a particular item in a specific set and does not waive any
requirements of the contract involved, nor does the approval of the equipment constitute
approval of the type designation assignment”
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4.7.7 ~rv ~cu]t ld~
.’. . . .

Components designed to o>rate from internal
batteries shall be marked viith the follow@gin a convenient forni for use by operating. .
and

(a).

(b).

(c).

(d).

(e).

rnaintenanm personnel:

Battery type number.

Battery location and position.

Polarity.

Nominal voltage.

Interconnection between batteries.

4.7.8 Electrical Dower source plates. Information plates conforming to 29 CFR 1910 and
Figure 4 shall be provided on each unit of the equipment that is powered horn multiple
electrical power sources.

DANGER
SHOCK HAZARD

THIS UNIT ENERGIZED FORM MULTIPLE SOURCES, ENSURE
THE FOLLOWING SWITCHES ARE IN THE OFF POSITION AND

TAGGED-OUT BEFORE ATTEMPTING MAINTENANCE.

CIRCU-IT VOLTAGE LOCATION SWITCH ID

Figure 4. Electrical Power Source Information Plate.

4.8 ~. Packaging shall be in accordance with ASTM D 3951 and tested in
accordance with ASTM D 4169.

.
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4.9 Quality~u a ce Emphasis will be placed upon developing manufacturing -
processes whoservnti~bitity around target product critical attributes is minimized rather
than on simply being within the product tolerance. MILQ-9858 provides further
guidance on the elements of an effective quality program. .For COTS and ruggedized
equipmen~ the progr~ manager is responsible for the continued monitoring and
evaluation of the quality prog.am of his vendors (see Appendix B). -

-.

4.10 safety. Safety shall be .a principal concern in all acquisitions.. Guidance for the
Syitern Safety Engineering pro~am is pro~ded in MIL-STD-882. Specifkation Safety-
requirements are provided in section 5.1.3.11. Specifiers shall tailor safety requirements
and incorporate them into their end-item specifications.

‘. ,,

,,

. .
,,

I,
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5. DETAILED REQUIREMENTS

5.1 ~hiDboard eWiDmeU. The constraints inherent in Naval ships and the shipboard
environment pose unique requirements on the design of electronic equipment The
following sections provide detailed criteria that establish the boundaries of the
requirements which are applicable to both shipboard and submarine platforms. Sectioni
5.1.1 through 5.13 provide specMc requirements applicable to COTS, ruggedized and
militarized equipmen~ while sections 5.1.4 through 5.1.9 are design requirements
applicable to militarized equipment. These requirements may be adopted fbr ruggedized
and COTS equipment (see Appendix C). All equipment shall meet the minimal
acceptance limits for all shipboard environmental conditions to which the equipment will
be subjected; mission critical equipment shall be “fullyhardened” so that it will operate
under the full range of applicable environment conditions. The program “manager shall
tailor requirements to the specific application in a cost effective manner; for example,
greenwater loading is not be applicable to equipment installed in a cmtrolled
environment. A table of features for militarized equipment that may be appropriate for
COTS and ruggedized equipment is provided in Appendix C.

5.1.1 Auxiliary sup~rt seIvica. The equipment shall be compatible with the sexvices to e
which they are connected, as specified herein.

5.1.1.1~tematimz current (~) DOWer. Equipment shall be suitable for installation under
the conditions specified for type I electrical power in MILSTD-1399, section 3Q0and the
additional requirements specified herek Electrical tests shall be as specified in
MILATD-1399, section 300 and Appendix D.

5.1.1.1.1Additional rea uiremen~. The duration for the emergency line voltage
conditions of plus 35 percent specified in MIIATD-1399, section 300 shall be changed
from ‘Z minutesn to “indefinitely”. The emergency condition of minus 100 percent
(frequency or voltage) will be treated as a power interruption. Momentary power
interruptions will be limited in duration to 100 milliseconds. Short term power
interruptions will be limited in duration to 5 minutes.

5.1.1.1.2~ll~v hardene~. Equipment shall remain fully operational through the
conditions specified for 440 Volt (V), type I power in accordance with MILSTD-1399,
section 300 and as modified by 5.1.1.1.1; equipment shall remain operational through

46

I

Downloaded from https://www.everyspec.com



MIIA3TD-2036

momentary power interruptions, and rapidly (within 1
term power interruptions.

second) restart following short

5.1.1.1.3 )vlinimal a-tan c?. Equipment shall & fully operational within the normal
tolerance limits specified for type I power in MIIAWD-1399, section 300. The preferred
equipment semice is ~0 V, 60 Hz then 115 V, 60 ,Hz. Equipment may shutdown or go
into a standby conditio~ but not be damage~ when operating outside @ese limits.

5.1.1.1.4 Wedization techniau~ The ship’s electrical power system is significantly
different from commercial standar~. For example, fault current of public utilities will
typically be limited to 65,000 Amperes (A) at 13,000V, where shipboard fault current is
limited to 100,000A at 450 V (with two of three generators paralleled). With proper
care, COTS equipment can be ruggedized to be powered from the ship’s electrical
service. The primary considerations for ruggedization are as follows:

(a). MILSTD-1399, section 300 specifies a harmonic current limit of 3 percent of the
fundamental for equipment rated 1 kilovolt-ampere (kVA) or more. The typical
approach has been to get a waiver, which is unsatisfacto~. The shipboard electrical
system has a lower reactance/resistance ratio than the commercial world, and harmonic
currents have a higher impact on voltage distortion. Studies that have been performed
by Naval Sea Systems Command (NAVSEA) indicate that harmonic current limits should
be lowered below present standards. .,

(b). The voltage variations specified in MIIATD-1399, section 300 are more severe than
those seen in the commercial environment. The peak value maybe as high as 220 V for
up to 2 minutes for 115 V equipment. This may be sufficient to damage commercial
equipment. Voltage spikes are particularly severe, specified at 1000 V for 115 Vac
equipment where commercial equipment is typically rated for 600 V.

(c). The line and return leads on the 115-V, 60-Hz seMce are both “hot”, that ~ both
line and return spade connectors on convenience outlets have a potential to the ground,
and the ground (safety) spade connector is grounded to the ship’s hull. Commercial
equipment will comect the return lead to ground at a power pane~ and the return lead
on commercial equipment may not be fully insulated. If the return lead is not
disconnected when the equipment is shut-off, the equipment will remain energized
presenting a safety hazard when assumed to be shut-cdl

(d). Equipment which is permanently located and is energized more than 50 perc&t of
the working day, such as copiers, personal computers and peripherals, soda machines,
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.

and money machines, are not to be comected to the ship’s isolated receptacle circuits.
Convenience outlet semices are rated 15A and present a fire hazard when overloaded.
Equipment of this type are to be connected to a separate dedicate~ hard wired circuit
supplied by the lighting distribution system.

o

(e). To ruggedize for the forgoing conditio~ equipment may adopt the approach
indicated in Appendix A In effecg a power conditioner is placed between the
equipment and the electrical’ system. Since harmonic currents are minhize~ such types
of power conditioners are referred to as “unity power factor power supplies”. Navy
Standard Power Supplies do not meet the 3 percent current harmonic limits in
accordance with MIIX3TD-1399, section 300. Appendix A recommends a polyphase
transformer since transformer technologies are mature, and transformers are both
reliable and robust. Solid state unity power factor power supplies are being developed;
however, the specifier should be aware that this technology is not mature and the risk of
failing to meet specified performance and reliability criteria is greater.

(f). An alternative for 115-V equipment rated at less than 1 kVA is to use a double-pole
switch to discomect both power and return lines. The equipment shall be tested to
veri@ that the equipment return is fully insulated from the equipment case. Voltage
arrestors shall be applied to protect against voltage spikes; voltage arrestors that conduct
at less than 220 V shall be removed and replaced with voltage arrestors of a higher ●
rating. The equipment shall be tested for operation at plus 35 percent voltage, or over
voltage protection applied to remove the equipment horn the line under such conditions.

(g). An Electrical Power Interface Compatibility (EPIC) mobile test facility is available
for testing equipment under the electrical power conditions specified in MIIATD-1399,
section 300. Further information on this facility maybe obtained from NAVSU Cude
56Z14.

5.1.1.2Submarine direct current (Q DOwer. Equipment shall be suitable for installation
under the conditions specified in MILSTD-1399, Section 390.

5.1.L2.1 ~uh hard ened . Equipment shall be fully operational through the conditions
specified in MILSTD-1399, Section 390.

5.1.1.2.2 Minimal acc~ tance. Equipment shall be fully operational within normal
tolerance limits specified in MIIA5TD-1399,Section 390. Equipment may shutdown or
go into a standby conditioz but not be damaged, when operating outside these limits.
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5.1.2 Environmental conditiou. Guidelines for specifying environmental conditions are
specified herein. Separate requirements shall be specified for shipment installation and
operation. All equipment shall be suitable for the environmental conditions under which
it will be installed. Environmental conditions under which the equipment is to be fully
operational shall be tailored to the specific application and use of the equipmen~ and
from the environmental conditions specified herein. The equipment shall not require
alignment or adjustment when fully operational. Many MILSTD-81O tests have
equivalent IEC standards. The International Electrotechnical Commission (IEC)
standards noted herein are accepted in lieu of MIIXI’D-81O methods. Other IEC
standards may be approved on a case-by-case basis for an individual acquisition. COTS
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5.1.1.3 ~eaw~. This requirement applies to open shiphard cooling systems which use
ocean water. All equipment shall be suitable for installation under the conditions
specified in MII-AXD-1399, section 105.

5.1.1.3.1FullYhardened and minimal accez Equipment shall be fully operational
through the conditions specified in MIXA3TIX1399,section 105.

5.1.1.4 coo lirw wate~. This requirement applies to closed shipboard cooling systems
which use fresh water. All equipment shall be suitable for installation under the
conditions specified in DOD-STD-1399, section 532.

5.1.1.4.1 Fully hardened and minimal acceDtanc~. Equipment shall be fully operational
through the conditions specified in DOD-STD-1399, section 532.

5.1.1.5 CornDressed air. Equipment shall be suitable for installation under the conditions
specified in MII-XI’D-1399, section 106.

5.1.1.5.1J?ullvhardened and mmunal accmtance
. .

. Equipment shall be fully operational
through the conditions specified in MILSTD-1399, section 106.

● 5.1.1.6 Dry air. This section is applicable to equipment requiring high quality
(non-conductive) gas under pressure, such as waveguid~ and other equipment requiring
compressed air of greater purity than is available from the ship service low pressure air
system specified in 5.1.1.5. Equipment shall be suitable for installation under the
conditions specified in MIIATD-1399, section 102.

5.1.1.6.1~ullv hardened and nnmmal acceDtanc~
. .

Equipment shall be fully operational
through the conditions specified in MILSTD-1399, section 102.
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and ruggedized equipment which have been design qualified against MILSTD-81O (or
equivalent) are acceptable if the design qualification meets or exceeds the requirements
tailored from this document.

5.1.2.1 -de. non-~ . Equipment with hermetic sea& and so forth, shall be
designed so that it will not be darnaged when under transit in an un-pressurized cargo
bay of an aircraft at 4.6 km (15,000 feet). It is to the discretion of the program manager
if the equipment is to be fully functional following an explosive decompression test. In
general, the rate of altitude change shall not exceed 10 meters per second (2,000
feet/minute). Further guidance may be obtained from IWJAWD-81O,method 500.
Altitude tests shall be in accordance with IEC 68-2-13 or MILSTD-81O, method 500.

5.1.2.2 DC mam etic field environment. Requirements for magnetic fields shall be as
specified herein.

5.1.2.2.1 J%llv hardened . Equipment shall operate in the magnetic field values in
accordance with DOD-STD-1399, section 070, part 1.

5.1.2.2.2 J’vfinimalacceDtance. Equipment designated for installation on ships which
contain degaussing or mine neutralization equipment shall have requirements which are
tailored to meet DOD-STD-1399, section 070. ●
5.1.2.3 ~etic sus

.
~. Equipment electromagnetic radiated and

conducted susceptibility requirements shall be as specified herein (see 5.1.35).

5.1.23.1 J%llv harde ned. Equipment susceptibility requirements shall be in accordance
with h41LSTD-461. Tailoring guidance for electromagnetic susceptibility is provided in
MILSTD-461. Tests shti be in accordance with MIL!HTM62.

5.1.2.3.2 JWnimal acceDtance. Equipment shall be capable of operating in the presence
of the expected conducted and radiated electromagnetic environment (EME) in
accordance with MILHDBK-235.

5.1.2.4 Jlust and sand. Requirements for dust and sand shall be as specified hereim

5.1.2.4.1 ~ullv hardened. Equipment shall withstand dust and sand. Dust and sand tests
shall be in accordance with MIIXII3-81O, method 510.
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5.1.2.4.2~inimal ac~t)tan~ .
applicable. Requirements for

Generally, requirements for dust and sand are not
equipment operation in dust and sand conditions shall be

s~cified only for those installations determined by the specifier to have excessive dust
and sand conditions. -

5.1.2.5 Greenwate r loading. Requirements for greenwater loading shall be as specified
herein.

5.1.2.5.1J?ullv.hardened. Equipment parts exposed to greenwater loading shall show no
mechani@ or electrical dm,age when the mean greenwater load is .42 Icilopdsads (kPa)
for surface ships, and 62 k-pafor submarines. ..

5.1.2.5.2 Minimal acceDta c~ Generally, requirements for green water loading are not
applicable. Requiremen~ fo~ equipment operation under greenwater loading shall be
specified only for those installations determined by the specifier to be subject to
greenwater loading.

5.1.2.6 ~u n muzzle. Requirements for gqn muzzle effects shall be as specified herein.

5.1.2.6.1J?ullvhardened. The equipment shall meet the interface requirements in
accordance with MILSTD-1399, section 072, Part 2.,

5.1.2.6.2~ Generally, requirements for gun muzzle effects are not
applicable. Requirements fo~ equipment operation under gun muzzle effects shall be
speeified only for those installations determined by the specifier to be subject to gun
muzzle effeets.

5.1.2.7 Humidity. Requirements for humidity shall be as specified herein. The specified
eritena for equipment installed in controlled spaces shall take into account failure of the
environmental control system for up to 8 hours duration.

5.1.2.7.1Fully hardened. Equipment shall be tested for condensing humidity conditions
in accordance with IEC 68-2-30Db or MIL-STD-81O,Method 507, to simulate shipping
and storage conditions and where amtimble, instigation in ~ ~~ntrolled
environm~nt. The temperature rang; in IEC-68-2-30Db shall be changed to 25
Centigrade (“C) to 55”C”. Equipment not subjected to testing in accordance with IEC
68-2-30Db or MIIATD-81O shall withstand 95 pereent humidity (non-condensing) and
tested in accordance with IEC 68-2-3Ca. IEC 68-2-3Ca shall be modified to require 21
days testing.
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5.1.2.7.2~inimal acc~Dtance. Equipment shall be capable of operation in an
environment conforming to the full range of requirements for data processing spaces of
the ASHRAE Handboolq and specifhlly, the= Verm“latiom and ~ .

. . . . .
ltlonm~ (WAC) ~ of the handbook.

5.1.2.8 ~ic press~. Requirements for hydrostatic pressure shall be as specified
herein

5.1.2.8.1Jhdlv hardened. Parts of the equipment that will be immersed in seawater shall
withstand the hydrostatic pressure without physical or electrical damage and without
leakage. Leakage immersion tests shall be in accordance with MII.ATD-81O, method
512.

5.1.2.8.2Minimal acceDtanc~. Generally, requirements for hydrostatic pressure are not
applicable. Requirements for equipment operation under hydrostatic pressure shall be
specified only for those installation determined by the specifier to be subjected to
immersion in seawater.

5.1.2.9 ~. Requirements for icing shall be as specified herein.

5.1.2.9.1Fully hardened. Exposed equipment shall withstand an icing load of 20
kilograms per square meter. Icing tests shall be in accordance with MIIATD-81O,
method 521.

5.1.2.9.2 jtfinimal acceg . Generally, requirements for icing are not applicable.
Requirements for equipment operation under icing loads shall be specified only for those
installations detem”ned by the specifier to be subject to icing.

5.1.2.10 Missile exha~ Requirements for missile exhaust effects shall be as specified
hereh

5.1.2.10.1J%llv hardened. The equipment shall ~eet the interface requirements of
MILSTD-1399, section 072, part 1.

5.1.2.10.2Minimal acce~tanc~. Generally, requirements for missile exhaust are not
applicable.’ Requirements for equipment operation under missile exhaust effects shall be
specified only for those installatioris determined by the spewer to be subject to missile
exhaust.
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5.1.2.11 Nuclear hardening. Requirements for nuclear hardening shall be as specified
herein.

5.1.2.11.1J%llv hardened . Levels of nuclear sumivability shall be tailored from
NAVSEA Instruction C3401.1. Requirement@for air blas$ thermal radiatio~ and free
field E~ shall be tailored from NSWC TR 87-192 for exposed equipment and cables;
modified to limit conducted current levels to lOA-on cables that penetrate the ship’s hull.
Requirements for air blast induced shock transient radiation effects on electronics
(TREE), and conducted EMP shall be tailored horn NSWC TR 87-192 for all
equipment. EMP tests shall be tailored in accordance with the RS05 and CS1O
requirements of MIIAWD-461 (see 5.1.2.3). .

5.1.2.11,2 Minimal acceRtanc~. It is the responsibility of the specifier to determine if the
equipment requires nuclear h~dening and the degree of nuclear hardening. DOD
Directive 4245.4 provides further guidance. Installation in a sheltered, controlled
environment does not protect the equipment from all effects of a nuclear event.

5.1.2.11.3“_dization technia~ With proper care, COTS equipment can be
ruggedized to meet the nuclear en~onmen~ The specifier may consult NSWC TR
90-22 for techniques to harden equipment to the nuclear environment. Suggested
guidelines for hardening are provided below.

(a). fir blast and thermal radiatioq.- Appropriate shielding and insulation may be
applied to protect exposed equipment.

(b). ~r blast induced shock: To meet this requirement and the underwater shock
requirements of MIMWOl, equipment may be shock mounted (see 5.1.2.14);

(c). EMP: Appropriate electromagnetic shielding and grounding shall be used.
Protection may be applied at 1/0 ports to prevent propagation of the EMP pulse into
equipment. For small signal interface% terminal protection devices (TPDs) or filter pin
connectors shall be used due to the fast rise time of the EMP pulse. For power circuit
interfaces, metal oxide varistors (MOVS) may be applied.

(d). TREE: The ship’s hull is relatively transparent to the TREE conditions. Radiation
detectio~ power interruption and dump maybe applied. With this approach a radiation
detection integrated circuit (IC) provides a signal for power supplies to momentarily turn
off, and high voltage circuits and capacitors to be crow-barred (discharged to ground). A
radiation detection IC is under development and will also be available as a SEM module
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of the Standard Hardware Acquisition & Reliability Program (SHARP) program at
NWSC~ Crane, Indiana. Using this approach any momentary component latch-ups will
not result in a sustained fault of components and subsequent failure. Power supplies of
COTS equipment and capacitors used to store energy would be modified to interface
with the radiation detection IC. Other methods employed include component selection
and component derating. Fiber optics may be sensitive to TREE conditions. Fiber optic
cables shall be selected which are insensitive to TREE.

5.1.2.12 Salt fogJjp@. Requirements for salt fog (spray) shall be as specified herein.

5.1.2.12.1Fully hardened , Equipment shall be tested in accordance with MIIXI’D-81O,
method 509. As an alternative, equipment may be tested in accordance with IEC
68-2-1H@ except with a duration for exposure of 48 hours.

5.1.2.12.2 Minimal acceDtanc~. Generally, requirements for salt fog effects are not
applicable. Requirements for equipment operation under salt fog effects shall be
specified only for those installations determined by the specifier to be subjected to salt
fog effects.

5.1.2.13 ship motion and atti~. Requirements for ship motion and attitude shall be as
specified herein. ●
5.1.2.13.1Fully hardened. Equipment shall be fully operational through the ship motion
and attitude conditions in accordance with DOD-STD-1399, section 301. Inclination tests
shall be as specified in Appendix D.

5.1.2.13.2JWnimal ~eptan~ . Ships motion and attitude conditions are defined in
DOD-STD-1399, section 301. Under heavy weather conditio~ office equipment such as
duplicating machines may be pem”tted to shut down when the inclination exceeds a
pre-specified limit.

5.1.2.14 ~hoc~ Equipment used aboard ship is subjected to shock and vibration as a
result of shipping and service conditions, as well as from hostile engagements (see
5.1.2.11.3). In all cases, equipment shall be designed to operate within the seMce
environment to be encountered aboard ship. Shock tests and requirements for shipboard
equipment are specified in the following documents:

(a). Functional shock MIIXWD-81O,method 516, procedures I and VI.
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(b). Storage and transportation: MILSTD-81O, method
VIII.

(c). Combat condition: MII.A3-901.

516, procedures II, ~ IV, and

Requirements for shock testing shall be as specified hereiu

5.1.2.14.1Shock ~lent ~. . . In order to perform shock tests, a
shock spectrum and transient duration shall be defined which represent the extreme
design conditions to be encountered. Where published data is not available, guidance
shall be sought from COMNAVSEASYSCOM (Codes SEA-06K21 and SEA 55X12).

5.1.2.14.2shock Grad es. Equipment is classified into grades in accordance with
DOD-STD-1399, section 072.4, in order to determine the testing requirements for
combat shock (see MIIA3-901). The shock grade, shock spectrum and transient duration
determine the tailoring requirements for testing.

5.1.2.14.3l?ully harden eel. Equipment shall be classified as grade A and shall be in
accordance with MILS-901 in addition to the applicable portions of MIISI’D-81O,
method 516.

5.1.2.14.4&finimal acc@ante. Equipment which is normally stowed for combat shall be
classified as grade C with no testing requirements. All other equipment shall be
classified as grade B and be tested in accordanw with M1l.AWOl. Note: MILS-901
does spec@ grade C.

5.1.2.15solar radiatiou Requirements for solar radiation shall be as specified hereim

5.1.2.15.1.~ullv harden eel. Exposed equipment shall not be damaged and shall maintain
specified performance when exposed to the sun at its seMce Iocatiom Equipment shall
be tested in accordance with MLSTD-81O, method 505, prockdure II.

5.1.2.15.2~inima.1 accWtan~ . Generally, requirements for solar radiation are not
applicable. Requirements for equipment operation under solar radiation shall be
specified only for those installations determined by the specifier to be subject to solar
radiation. ,,

5.1.2.16Sprav ti~ht enclosures Requirements for equipment enclosures to withstand
spray from ruptures or discharges from adjacent high pressure fittings are as follows:
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5.1.2.16.1~. Requirements shall be tailored horn MIL-STD-108. Typical
applications include submarines and hazardous locations.

5.1.2.16.2 Minimal accem . Genera requirements for spray tight enclosures is not
applicable to equipment instded in controlled spaces.

5.1.2.17 Tempe rature ran= . Requirements for temperature shall be as specified herein.
Temperature tests shall be in aw-rdance with MI@I’D-810, methods 50~ and 502,
procedure 1. Safety criteria shall be as specified i.n5.1.3.11.9. The specified criteria for
equipment installed in controlled spaces shall take into account failure of the
environmental control system for up to 8 hours duration.

5.1.2.17.1 Fully hardeneel. Equipment temperature requirements for shipping and
operating shall be tailored from Table III.

5.1.2.17.2 ~inimal acceptan c?. Equipment temperature requirements for shipping and
operating shall be tailored from Table IV. Equipment shall not be damaged when
ambient conditions are outside nominal operating limits.

Operating Non-Operating
Environment : a _CC)-

Uncontrolled -2$ to +65 -40 to +70

Controlled 0 to +50 -40 to +70

Table III. Fully Hardened Limits.

5.1.2.18 Undenvater explosiom Requirements for undenvater explosion shall be as
specified herein
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Operating Non-Operating
Envuonment

.
a ill-. ”

Uncontrolled. -28 to +50 -40to +70 .

Controlled +10 to +50 -40 to +70

Table IV. Minimal Acceptable Limits.

5.1.2.18.1~ullv harde ed Equipment which is submerged and exposed to external sea
pressure shall withs~d ~e underwater explosion test in accordance with MILS-901 for
wetted-surface type mounted items.

5.1.2.18.2Minimal acceptan~ . Generally, requirements for underwater explosion are
not applicable. Requirements for equipment operation under underwater explosion
conditions shall be specified only for those installations determined by the specifier to be
subjected to underwater explosions.

5.1.2.19 Vibratio~- Requirements for vibration shall be as specified hereiu

5.1.2.19.1JMlv hardened and minimal acceDtan~ Shipboard equipment shall be in
accordance with the type I vibration requirements”of MIIAWD-167-1.

5.1.2.20 Wind effects. Requirements for wind effects shall be as specified hereim

5.1.2.20.1J%llv harde ed The exposed equipment or portions thereof, shall operate
within performance linfi~ in winds having a relative velocity of 140 km/hr (75 knots)
with gusts up to 250 kilometers per hour (130 knots), and shall withstan~ without
damage, winds having a relative velocity as great as 185 km/hr (1W knots) with gusts
to 325 km/hr (175 kIIOtS).

up

57

I

Downloaded from https://www.everyspec.com



MILATD-2036

5.1.2.20.2 Minimal acc~otance. Generally, requirements for wind effects are not
applicable. Requirements for equipment operation under wind effects shall be specified
only for those installations determined by the specifier to be subject to wind effects.

5.1.3 Operational constraints. Equipment shall meet the operational constraints as
specified herein. Requirements specified are. applicable to “full hardness” and “minimal
acceptance”.

5.1.3.1 Airborne noise. Equipment generated airborne noise shall be in accordance with
MIL-STD-740-1. Tests are specified in MIIAWD-740-1. Tailoring guidance for the
grade to be required is provided below:

Grade A3 - Equipment is that which is to be installed in spaces where direct speech ~
communication shall be understood with minimal error and without repetition over a “
distance of 2m (6.5 feet) or less.

Grade A12 - Equipment is that which is to be installed in spaces where direct speech
communication shall be understood with minimal error and without repetition over a
distance greater than 2m (6.5 feet).

Grade B - Equipment is that which will be placed in spaces where comfort of personnel ●
in their quarters is the pticipal consideration.

Grade C - Equipment is that which will be placed in the sonar room sick bay, library, or
other spaces requiring low sound levels and which are not covered in other categories.

Grade D’- Equipment is that which will be placed in spaces where avoidance of hearing ~
loss is the prime consideration and intelligible speech communication is not normally
required.

Grade E - Equipment is that which will be placed in high sound level areas where voice
communication is accomplished with high vocal effort and where amplified speech and
telephones are normally available.

5.1.3.2 ~tm ctureborne noise. Equipment generated structurebome noise shall be in
accordance with type III equipment of lvfILSTD-740-2. Tests are specified in
MII_AITD-74@2.
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5.1.3.3 Atemat in~ current (at) Dower. The equipment shall meet the operational
constraints (including but not limited to, harmonic current conten~ ramp load@ and so
forth for type I power in accordance with MIIATD-1399, section 300 (see 5.1.1.1).

5.1.3.4 sub arine direct curre t (dcl Dower The equipment shall meet the operational
constraintsmh accordance withn~STD-1399, section 390 (see 5.1.1.2).

‘5.1.3.5 Electromagnetic emissions. Equipment radiated aqd conducted emissions
requirements shall be in accord~ce with MILST@161 (see 5.1.2.3)., Tes@shall be in
accordance with MILSTIM62. Radar equipment shall also meet the requirements of
the NTIA Manual. CO~ equipment may be ,procured to. Federal Communications
Commission (FCC), Class A regulations and modified to meet the requirements of the
shipboard installation through application of EMI filters and shielding. FCC regulations
only specify emission limi~; COTS equipment may need to be shielded for susceptibility
considerations.

5.1.3.6 J3MCON rea uirements. Acoustic, electromagnetic and optical ‘emitters, such as
radars and communication systems, shall have provisions for emission control.

5.1.3.7 DC manetic reau irements for minesweeperr eauiDmenl. The equipment shall be
in accordance-with DO-D-STD-2143. Magnetic ‘matefial
MILI-17214.

5.1.3.8-. The equipment shall ndt support fungal
accordance with MHSID-81O, method 508.

tests shall be in accordance with

growth. Fungus tests shall be in

5.1.3.9 Toxic hazards. The equipment shall not expose persomel to toxic substances in
excess of the threshold limit values in accordance with ACGIH ISBN 0-936-712-39-2.

5.1.3.10 Prohibited materials . we materials listed in Table V, and 29 CFR 1910.1001to
1910.1101, shall not be used. Additional submarine atmosphere prohibited’ materials are
specified in S9407-AB-ATM-O1O.Waivers for the use of prohibited materials shall be
granted in accordance with current DOD acquisition directives. WaiveN shall not be
gragtecl for the v of radium and i~ dau@ter produ~ (radioa~ve mate~~s)o
Additional material requirernen~ for militarized equipment are specified in 5.1.7.8. The
use of hazardous material (see 4.7.2) as defined in ‘FED-STD-313 shall be approved ,by
the contracting activity upon submission of justification to prove that:

,.

(a). There is no safer substitute to meet specifications.
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(b). The matetial is or is not “recyclable.

(c). Non-recyclable materiai maybe safely disposed of in such a manner as to minimize
hazardous wiste and the cost of alternative approaches is not pra@~ including
life-cycle cost for use and disposal of the hazardow waste including employee training.-..

Flammable materials
Asbestos; asbestos eompouri~; and tibestos-filled molding compounds

., Lithium and lithium compounds
Magnesium or magnesium alloys -
Zinc or zinc alloys
Carcinogens ,.

Radioactive material
Polychlorinated bipheny] (PCB)
Polyvinyl Chloride (PVC), except where used for component leads
‘Mereury or its compounds and amalgams
Cadmium where it may be exposed to temperatures above 4001’For
where it may come into contact with petroleum based products

(llorofluorocarbons (CFC), that @ tieon

,, Table V. Prohibited Materi~

5.1.3.10.1Flammability. Cable flammability will meet the test requirements in
accordance with MILC-17 and MILC-24643. Flammability testing of other parts and
materials shall be in accordance with MIIATD-454, requirement 3.

5.1.3.11 safety. Safety considerations shall be addressed. Guidance for the System
Safety Engineering program is provided in MLSTD-882. S,afetyrequirements shall be
in accordance with MWSTIW154, requirement 1, Appendix E, w78 and as specified
herein. Waivers to safety requirements shall require the written ap~roval of the
procuring activity. Waivers shall be granted only upon demonstration that the equipment
has been tested in accordance with,the appropriate Underwriters Laboratory (UL),

.

,.
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Governinen4 or other ind~try co~e~us testi to demonstrate “itssafety for ti;e ~ the-
shipboard environment

.,, ,, .’. “.

5.1.3.11.1- current . Equipment leakage ~ent shall be limited to 5
milliamperes (mA or rms). Leakage current shall be determined using a solidly
grounded power source. ~Equipment with EMI filters comected line-to-jgoimd shall be
balanced to ensure that the leakage current in the equipment ground does not exceed 5
milliamperes (see 5.1.4.5). L&&age current tests shall be as specified in”Appendix F, or
equivalent UL or other industry consensus standard approved by the contracting activity.
The foregoing tests shall not be performed aboard ship, in that the potential of the ship’s
electrical system “floating neutral” to the hull will be dependent upon the operating
modes of equipmen~ conjuration of the electrical plant, physical installation location of
the equipment and so forth.

5.1.3.11.1.1 Jsolation transformers. On equipment whose leakage current would
otherwise exceed 5 millkmperes rms; an isolation transformer shall be applie-d. The
isohition transformer shall be part of the equipment configuration.’ User equipmerit
loads Shall be isolated from-ac line voltages by a dc resistance greater than 200 megohm
kW of connected load.

5.1.3.11.2Protect”ve shields Protective shields shall be provided to protect persomel
from actiden”tal ~ontact wi~ parts in excess of 30 V rms or 30 Vdc. ~‘ - -

.,.

5.1.3.11.3 Reference and s gnal volt-i . Equipment utilizing external reference or signal
voltages in excixs of 30 V rms or 30 Vdc shall have the provision for interrupting the
reference and signal voltages during maintenance actions.

....
5.13.11.4 Safety. electrical “’-. Switches for discoimecting equipment from electrical
power systems shall break all power and return conductors of the circuit. The safety
ground’shall not be discomected.

“5.1.3.11.5 safety ground. internal. A ground terminal shall be provided on equipment.
The ground tefminal shall be located on the power input connector or on the equipment
temrnal board and shall connect to internal ~hassis
equ’ldin sti to one of the power input conductors.
equipment shall terminate on the ground terminal.

by means of conductors at least
Safety grounding within the -’~~“~

6i
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5.1.3.11.6Safety ground. extemal . When ‘power is routed ex$emally between i&lividual
,, units of an equipmeng a“ground conductor shall be @eluded with the power Condugors ~

and shall come~ to the ground terminal of individual units.

5.1.3.11.7 * nround. nower cab e asse1 rnblie~. In power cable assemblies that connect
to convenience outlets, a safety ground conductor shall be included in the assemblies.
The safety ground conductor shall be provided by utilizing three-pin comectors and
three-conductor cables. The green wire shall be, connected to tie ~ounding blade or pin
for the type coqnector used. ~put power cable assemblies shall conform to type I of
MHA2-28777.

5.1.3.11.8 safety Eround, drawer~. A safety ground shall be included with the power
cable assembly and connector of equipment drawers, such that discomecting of the
safety ground from the drawer will result in disconnecting of the power assembly.

5.1.3.1L9 .&~ ir)ment tes~. Equipment when tested under conditions of maximum
intended load shall not attain a temperature at any location which constitutes a risk of
fire, damages any materials used in the equipmen~ or exceeds temperature above the

,., -,

ambient as allowed by UL or other consensus standards for the equipment.

5.1.3.11.10 Thermal desi~ Equipment handle or kno~ temperatures shall not exceed o
those limits specitled by MLSTD-454, requirement 1, m or oth~r consensus standards
for the type of equipment. Other accessible surfaces on which temperatures may
jeopardize operator safety as specified by h41LSTD454, UL or other consensus
standards for the type of equipment shall be Iabded with a temperature hazard warning.

5.1.4 Electrical des”m and construction. The electrical design and construction of
militarized equi~m~nt shall be as specified herein. The spec@er of ruggedized
equipment shall review these requirements for design features that may be required for
the specific application

5.1.4.1 Environmental stress screening. Requirements for environmental stress screening
@SS) shall be tailored from TEOOO-AEGTP-020.

5,1.4.2 Electrical DOwer. The equipment shall operate from electrical power sources as
‘specified herein. ,,

5,1.4.2.1 Electrical rower immt connections. The input. power connector pin assignments ,
and conductor color code shall be as specified-in Table VI.
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EQUIPMENT CONDUCTOR CONNECI’OR CONDU~OR
POWER SUPPLY ASSIGNMENT DESIGNATION CO~R

Single-ph~e 115/440 Vac A White ,
115/440 Vac c. Black
Safety ground B Green

Three-phase Phase ‘A A Black
Phase B B. White
Phase C “c Red
Safety ground .D Green

o

DC power Positive ‘A Red “.
Negative c Black
Ground B Green

Note: Shipboard electrical distribution systems are delta-comected with a floating
neutr~ precluding the use of the safety ground as a power-camying conductor.
Safety ground comections for bonding and grounding are provided for EMI and
persomel safety considerations.

Table VI. Clmductor Designations.

5.1.4.2.2 Color code. The color code for conductors shall be maintained horn the input
power connections to all components having the same voltage and fiequenq as the input
power.

5.1.4.3 Electrical eaui~ment Protection. Electrical equipment shall employ electrical
protection as specitled herein.

5.1.4.3.1 Eauipment interlocks The number of persomel safety, maintenance, and
equipment protective interloc~ shall be kept to a minimum. Safety interlocks shall be
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provided where personnel could be exposed to circuits powered by greater than 30V rrns
or 30 Vdc during operations or maintenance actions. As an alternative to safety
interlocks, protective shields may be applied. These shields shall be hinged to prevent
removal, shall be such that they can only be opened using tools, and shall be labeled as
being a protective shield. Interlock circuits shall be provided to protect against ~
catastrophic failure of the equipment. Particular care shall be taken in the specification
.of interlocks, especially coolant flow and coolant level sensors, to preclude equipment
shutdown caused by transients of momentary duration.

s.~.=zMmJwQQ$ Battery charging systems shall be provided with built-in
protection to prevent damage to batteries due to overcharge or thermal runaway.
SHARP Standard Battery Systems shall be used when possible. The NWSCC shall be
consulted for the method of battery charging.

5.1.4.3.3 Dielectric withstandirw voltaee. The equipment shall prevent electrical
breakdown such as corona (defined in ASTM D 1868); flash-over (surface discharge),
spark-over (air discharge) or breakdown (puncture discharge) when the electrical power
circuits are subjected to the dielectric test voltages shown in Table VII for 1 minute at 60
Hz.

@
CIRCUIT VOLTAGE OF RMS VALUE OF
EQUIPMENT TESTED DIELECITUC TEST VOLTAGE
[VOLTS) (VOLTS)
Less than 60 450 ‘1

60 to 120 900
Above 120 and less than 240 1200
240 tO 480 1500
Above 480 T&ice rated plus 1000

Table VII. Dielectric Test Volt-

5.1.4.3.4 Insulation resistance Insulation resistance of the equipment shall be not less
than 10 megohms at specified environmental service conditions, measured at 500 Vdc.
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Each circuit shall be measured against all other circuits connected together ~d to the
chassis.

5.1.4.3.5 Clearance and lee chs
.

tance~. Clearanc& between solder connections or
baie conductors, such as on terminal strips standdfs, or similar connections shall be so
that no accidental contact can occur between adjacent connections when subjected to
seMce conditiow of the equipment specification. Particular attention shall be paid to
case deflections due to shock Spacing requiremenfi” for electrical clearance and leakage
distances shall be tailored from articles 384 and 710 of NFPA 70.

5.1.4.3.6 Electrical overcurrent mote ction. The use of circuit breakers in combat system
equipment shall be minimized. Circuit breakers shall be coordinated so that the circuit
breaker closest to a fault will trip before other circuit breakers trip. Multi-phase circuit
breakers shall disconnect all phases when an overload occurs in any one phase.
Protective devices shall not be installed in the neutral unless neutral power sensing is
essential to proper operation of the equipment and the overcurrent protective device
simultaneously opens all conductors of the circuit and is designed so that no pole can
operate independently. When electrical overcurrent protection devices are used
internally, the status (that ~ open or closed) shall be displayed on the operating panel
and the restoration of the device can be controlled from the front panel. Circuit
,breakers used in shipboard equipment shall be in accordance with DESC 87060 through
87062, and shall be “mountedin the horizontal orientation

5.1.4.3.6.1J%ses and a“rcuit breake~. Fuseholders shall provide blown fbse indication.
All fuses and circuit breakers shall be readily accessible from the front panel without
removal of any panels. A minimum of two spare fuses shall be provided for each fuse
used (that is, four ties for each pair of fuses), mounted adjacent to the &e holder for
which it is intended. When fuses are used they shall be electrically located on the load
side of the on-off switch. If extractor post type fuse holders are used they shall be
connected so that the load is connected to the fuse terminal which terminates in the
removable cap assembly.

5.1.4.4 Main powe o -off. The main power on-off switch located on the equipment shall
de-energize the eqrtipnment. The switch shall open all conductors except the safety
ground. The main power on-off switch shall be clearly labeled as such. A green lamp
shall be mounted on or near the equipment to indicate when the equipment is energized.
The lamp shall be connected to the load side of the switch. Unless specifically needed
for overload protectio~ circuit breakers shall not be used for turning equipment on and
off.
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5.1.4.5 ~“D ent capaa“tance and EMI filte~. Where EMI filters are required line-to-
line filters ~~preferred to line-to-ground filters (see 5.1.3.11.1). AC line-tcqground
capacitance shall be in accordance with MIIATD-1399, section 300 and MILSTIM61.
Line-to-ground capacitance of dc input power lines shall be in accordance with
MIL-STDT1399,section 390.’

5.1.4.6 Equipment electrical x)erformance. ‘E@ipment electrical performance
characteristics shall be as specified herein.

5.1.4.6.1 Grounding. Under casualty conditio~ and even during the day-to-day ship
operations, any one of the three-phase line vol@gesmay short to ground. The ship’s
power source -is connected delt~ ivith a floating neutral; specifically in order that the
operations may continue with one power input line grounded. This and cathodi,c
corrosion are the prirmuy reasons why the ship’s power source is not connected WYE. If
the equipment is connected WYE, a significant voltage may exist between the neutral
comection and the ship’s floating neutral, creating a safety hazard and probable failure
when one line voltage becomes grounded. Equipment shall be sidtable for operation in
each operating mode with one power input line grounded. ‘

5.1.4.6.2 Failure toleran~. The equipment shall be designed so that failure of a
component normally,used for performance improvement shall not completely disable the m
equipment. The design shti allow continued operation at a reduction in performance;
for example, if failure occurs in the automatic frequency control circuits of a receiver, ,,
the circuitry shall be designed to provide for operation from a m~u~ position wi~ut
increasing the probability of f~ure of the remaining units.

5.1.4.6.3 Accelerated life. Equipment shall undergo an accelerated life test An
accelerated life test is specified in Appendix D.

5.1.4.6.3.1Test. analyze and fix {TAAF\ testing. A TAAF test shall be conducted to
ident@ design deficiencies of the equipment in the specified environment and to permit
corrective action prior to a production commitmen~ tailored to the TAAF guidance
documen~

5.1.4.6.4 EauiDment warm-uD an d restm. Equipment warm-up times shall be minimked. I
Mission critical equipment shall remain fully operational through power interruptions of

I

100 milliseconds or less, and shall immediately (within 1 second) restart following short
term power interruptions of less than 5 minutes duration (see 5.1.1.1). Equipment
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requiring extended restart times, such as bias supplies, heater elements, iiequeniy
standar@ and so forth, may.require battery backup to meet this’requirement. -

5.1.4.6.4.1~~0 rtional tim~. Fixed duration restart times following momentary power
interruptions and voltage variations are unacceptable during a battle engagement. To
achieve an equipment restart in the shortest time possible, a proportional timer whose
restart time is a fiction of the power interruption time, or a functional approximation
thereof, shall be used in lieu of fixed duration time delay relays.

5.1.4.7 Forchw current zerQ. Electric&l power circuits that use solid state devices for
switching shall not force electrical current to zero under the operating conditions
specified hereim “Forcing tirrent zero” will cause voltage spikes on the electrical
distribution system and, inevitably, failure of other equipment. New technology
equipment is beginqing to feature “current limiting” characteristics, where they force the
current to zero under transient or fault conditions rather than ramping the current to
zero in a controlled fashion. Further, electrical testing may not reveal this characteristic
to be a problem unless the source impedance of the test apparatus is consistent with that
expected for the ship. It is recommended that the rate of change of the load ‘current
(di/dt) be specified ~ not to exceed 10 times the root mean square nominaI load current
per millise~nd for 60-Hz equipment.

5.1.4.8 Internal w
. . .P D actlc~ Internal wiring practices shall be in accordance with

requirements 11, ~9~an: 71 of “~STD*54.

5.1.4.9 power supplVdes”~ Power supplies shall be designed in accordance with
NAVMAT P 4855-1A (~AVSO P-3641), and shall be manufactured and tested in
accordance with NAVSEA SE O1O-AA-SPN-O1O.Standard Power Supplies as certified
by the NW- meet the foregoing requirements and shall be used where practical.
Where Standard Power Supplies cannot be@ power supplies shall be as specified
herein

5.1.4.9.1rower density. Power density exceeding 0.4 watts per cubic centimeter shall
require the approval of the contracting activity, and shall undergo design reviews to
ensure that reliability is not compromised.

5.1.4.9.2Power SUDDIv interface. Power supplies shall be tested with the end item
equipmen~ or shall be tested as a unit by duplicating the input and output power of the
power supply as installed for operation in the end item equipment. “
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5.1.4.9.3 Power SUDDlYmanufacturing. Power supply manufacturing shall include random
vibration and temperature cycling of every uni~ under full electric@ load. All low
voltage regulated power supplies shall have easily removable regulator subassemblies.

5;1.4.9.4 ODen and short a“rcui?. Power supplies shall not be damaged by any load
between an open circuit and a short circuit

5.1.4.9.5 power sw~ lYreliability reau iremen& @w voltage power supplies delivering up ‘
to 5 kW at 300 Vdc or less shall have a MTBF of not less than 100,000 hours, predicted
in accordance with MIMWD-756, task 201, method 2005, Navy sheltered environment,
60’C. Some equipment does not have stand-alone power supplies, where Standard
Power Supplies may be built into such equipment to meet reliability requirements.

5.1.4.9.6 Power SUDDly EMI design zuidanc~. NAVMAT P 4855-1A (NAVSO P-3641)
protides guidance which is tailorable for use in the desiW.of power supplies.

5.1.4.10 wery ~stem des _i~. Equipment shall use Navy Standard Battery Systems
cert~led by NAVSEA 56221. See 5.1.7.7 (Table VIII) for additional battery
requirements.

5.1.4.10.1~rv s~ectlo~
.

Batteries shall be selected from SHARP-TP-001. e
Rechargeable batteries shall be valve regulated/starved electrolyte type. The application
of lithium batteries requires safety certification. The application and the safety
certification process shall be in accordance with NAVSEA TM S93N)-AQ-SAF-O1O.

5.1.4.10.2~atte~ compartmen~. Battery compartments shti be sepaated from
equipment electronics and be located for ease of battery replacement. .l’he compartment
shall be vented to avoid the buildup of hydogen during the charging ,process. The
compartment shall be sized to accommodate larger batteries if load growth/emergency
dc requirements are expected to increase with equipment maturity. CAUTION: No
batte~ is sealed and the battery compartment shall not be hermetically sealed.
Adequate ventilation shall be provided in all battery compartments.

5.1.4.103 J3attep charting. Charging circuits shall fail low voltage only, and shall be
temperature compensated. Charging circuits shall have two modes, for normal (bulk)
cha&ing of d~ch~ged batteries, for float (trickle) charging of charged batteries.

I

I
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5.1.4.10.4 ~erv comect o. Q. Wires leading from load equipment to the batterj -shall
have sufficient additional ~ength to allow two replacements of batte~ connectors (that is,
.10cent@eters (cm) to 15 cm).

.5.1.5J31ectronicdesire and construCtiou The electronic design and. construction of
militarized equipment shall be as specified hereim- The specifier of Ruggedized
equipment sh~ review these requirements for design features that may be required for
the specillc application.

5.1.5.1 DC lead. Where equipment will be darnaged due to a reverse bias on the dc
inpu$ the equipment shall contain reverse polarity protection for each dc input.

5.1’.5.2J31ectronicsimal interfaces. The interface requirements for electronic signals for
sending and receiving data shall be as specified herein. This shall apply to both external
equipment interfaces “and internal equipment interfaces such as computer bus
bacl@limes.

5.1.5.2.1 ~izital data The equipment shall be compatible with the data format as
specified in the end item equipment specification. MILSTD-1399, section 502 shall be
used as guidance for Naval interfaces.

5.1.5.2.2 Fiber optic ~te nis. Fiber optic systems shall be tailored from MIIATIM54,
requirement 76.

5.1.5.23 Local area networ~. LAN interfaces shall be incorporated when practical. The
interface and interoperability requirements shall conform to Tactical Digital Standard
(TADSTAND) B.

5.1.5.2.4 Preci~e time and time intema& When specified in the end item, equipment
specificatio~ the equipment shall be compatible with the requirements of
DOD-STD-1399, section 44L

5.1.5.2.5.Svnchro d~ The equipment shall be in accordance with MILHDBK-225.
Synchro capacitors shall be rated at 600 Vdc for 60-Hz synchros. 400-Hz power will be
retained for avionics use only for shipboard applications. Synchro ‘capacitors shall be
rated 1000 Vdc for 400-Hz synchros.
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5.1.5.2.6s-ynchro data t ansnur “ssionsvste .mS’ Synchro data transmission systems‘shall
conform to the interfa~ characteristk and eonstraiqts of MHAWD-1399, section 702.
MUXDBK-225 provides tailoring guidance for specifj-ingeleetneal zeroihg methods.

5.1.5.3 l%nted a‘rcui~. Printed circuits and printed circuit wiring boards shall be in
accordance with MILSTIM54, requirement 17.

5.1.5.4 Diaital form of docementation. Printed wiring board description in digital
(numerical) form shalI be in accordance with IPC D-330.

.0
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5.1.6 ~ecbaru “caldesign and construction. The mechanical design and co~truction of
militid equipment shall be as specified hereim The specifier of ruggedtid -
equipment shall review these requirements for design features that rhay be required for
the specific application.

5.1.6.1 Cable entrance dates. :tuffing tube. The enclosure shall be provided with cable
entrance plates capable of preserving the degree of enclosure specdied in the, end item
specification. Space shall be provided inside the enclosure between the stuffing tubes
and the terminal boards so that the wiring ~ not be crushed or distorted when the
int,emal subassembly is mounted in the enclosure. All stuffing tubes for an enclosure
shall be mounted on a plate having enough spare area to accommodate an additional
stuftlng tube of the largest size mounted thereon. This plate shall be on at least two
sides of the enclosure. The unused stuffing tube mounting plale areas on the enclosure
shall be covered with blank plates of the same cotiiguration as the stuffing tube plate.
Stuffing tubes shall be selected from MIIA-19622 and installed in accordance with
DOD-STD-2003-3. Cable entrances shall be located such that cables will not block
equipment heat exhaust vents.

5.1.6.1.1 Cable entrance stuffi P tie (cast enclosures~. On cast enclosures with a wall
thickness greater than 4.8 &eters, bosses, drilled and tapped with type National
[Standard] Pipe Threads (lWI’) pipe threads conforming to FED-STD-H28 and
FED-STD-H28/7 for the stuffing tube to be used shall be provided in the top, bottom
or sides of the enclosure. Plastic protective cap plugs (Ca-Plu~ or equal) shall be
installed in cable entrance holes to provide protection during shipment or handling prior
to equipment installation

5.L6.lQ ~. Where possible, the equipment comecting cables shall be
routed internal to the mounting assembly to minimhe the amount of cable exposed to
EMP and the conduit required for connecting the equipment.

5.1.6.2 Rotating com-ponents. Motors, dynamotors, and rotating devices shall be marked
to show the direction of rotatiom Positive locking devices shall be used to secure ge~
- and similar devices to shaft.

5.1.6.2.1 BaIancing. Rotatable and rotating parts, except locking adjustment controls,
shall be statically rind dynamically balanced and supported to prevent damage or
unintentional movement under any environmental condition specified herein. If weights
are necessary for balancing they shall be securely mounted to prevent movement or loss
during operational or environmental conditions specified herein.
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Standard Enclosure Systems (SES) sh~ be used when possible. The
in accordant with IWIIATD-2200. Other eaui~rnent enclosures.-

sh-alibe in accordance with MIIATD-108 and MLE-2036. The degree of enclosure
shall be watertight for equipment exposed to weather; dripproof to 15 degrees for
surface ship internal installations; and dripproof to 45 degrees for submarine internal
installations.

5.1.6.4@ .ipment mounting. The method of equipment mo~ting shall be as spetified
in Table VIII and herek

,,

EQUIPMENT MOUNTING ORDER OF MAXIMUM
METHOD PREFERENCE WEIGHT (KGS.)

Horizontal 1 No limit.

Panel 2 As specified in EIA
RS-31O.

Vertical 3’ 89

Overhead 4 23

Table VIII. ~ -iDment MouiitinL -

5.1.6.4.1Horizontal mounting. Equipment intended for horizontal mounting shall have
mounting features which permit through bolts to be installed perpedkular to the
mounting surface and additional features to provide for installing sway braces to the
upper rear of the equipment enclosure when neceswuy for stable horizontal mounting.

5.1.6.4.2@e rhead mounting. Equipment enclosures intended for overhead mounting
shall be limited to lightweight devices as specified in the end item specificatio~ and shall
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incorporate mounting features located to suspend the enclosure and to transmit the load ‘
to the overhead structure.

5.1.6.4.3Mel mo-
.

. equipment intended for front panel mounting shall incorporate
a flange for securing the panel in a vertical position in the enclosure. The enclosure
shall project not greater than 40 millimeters from the face of the panel (not including
operating handles). Design of rack-mounted and console equipment shall maintain the
center of gravity as low as practical.

5.1.6.4.4sliding drawer moun “tmg. Equipment design shall include provisions to prevent
accidental derailing and detachment or pulling off slides of equipment mounted on
drawer slides.

5.1.6.4.5Vertical mounting. Equipment intended for vertical mounting (except
switchboards) shall have mounting pads on the rear surfaces of the enclosure. Not less
than two pads shall be above the center of gravity of the enclosed equipment.
Additional pads shall be positioned to transmit loads to the supporting structure.

5.1.6.4.6Resilient mounk. The use of resilient mounts shall be used in accordance with
the guidance of MILS-901. Mechanical shock mounts are preferred to resilient material
because of degradation of the resiliency characteristics of the material over the
equipment lifetime, and resilient material is effective in one plane of shock only.
Resilient material used in the equipment shall undergo accelerated aging prior to shock
testing to demonstrate that equipment meets specified shock performance at the end of
the design life.

5.1.6.5 Ground irm bond ng and si hielding. Provisions for cabinet grounding bonding
and shielding shall be tailored horn MILSTD-13 10. Practices for internal equipment
grounding bonding and shielding shall be tailored from MIJATD-454, requirement 74,
and MILSTD-454, requirement 61.

5.1.6.5.1Pitital commiter n ounding. When identified in the end item equipment
speciilcation as equipment used for the processing reardin~ or storage of digital or
classified informatio~ the equipment shall be compatible with the requirements of
DOD-STD-1399, section 406.

5.1.6.6 J-k.ndling. The equipment shall incorporate the design features for efficient
handling in accordance with ASTM F 1166.
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5.1.6.7 J-IazardW atmosDhere. When specdied in the end item specificatio~ the
equipment or portions thereof shall be protected against a hazardous atmosphere by one
of the following methods:

(a). Enclotid ~ a h~vy-duty, explosion-proof housing as defined by MIIATD-108.

(b). Hermetically sealed conforming to the hermetic enclosure requirement of
lm.A’rD-lo8.

(c). Embedment (potted) and encapsulation are in accordance with ME.AWD-454,
requirement 47.

5.L6.8 Pockets. wells. and tram. Pocke~ wells, and traps in which water or condensate
could collect when the equipment is in normal position shall be avoided. ~.

5.1.6.8.1 Moisture pocke~. Where moisture pockets are unavoidable in unsealed
equipmen~ provisions shall be made for drainage of such pockets. Desiccants or
moisture-absorbent materials shall not be used within moisture pockets. Wave guides
shall include a method to purge moisture from low points in the wave guide.

5.1.6.9 MOuntin~ bolts. Calculations for the proper size of deck and bulkhead
attachment bolts shall be based on the minimum elastic-proof load for grade 2 carbon
and alloy steel in accordance with MIL-S-1222.

5.L6.9.1 ~oulzh bohilg. Through bolting or through threading into watertight
enclosures shall not be permitted. Bosses shall be provided in cast enclosures to
preclude through bolting or threading. Blind tapped continuous welded buttons shall be
used in sheet metal enclosures.

5.L6.1Ojkfounting of electric recem 1. Where practi~ when receptacles are
mounted on a vertical surface the largest polarizing or prime key or keyway of the
receptacle shall be at the top center of the shell of the receptacle.

5.1.6 .10.1~diacent locations. The use of identical comectors in adjacent locations shall
be avoided. ‘men
cannot be avoid~
mismating.

the use of connectors of the same shell size in ~djacent locations
differences in the keying arrangement shall be used to prevent

●
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5.1.6.10.2Jmcti. External comections (excluding
located on the front of the equipment. ‘

test comections) shall not be .“
.,

5.1.6.10.2.1J2xtemal .comectio~. The method of external comections “toequipment
enclosures shall be made by the use of connectors and shall conform to applicable
requirements. EMP protected equipment shall be provided with back shells that can
accept MILC-24758 conduit end fittings to provide 360 ‘degrees grounding of the cable
shield. Terminal boards or stuffing tubes shall be used when specified in the end item
specification and the applicable requirements. Terminal boards are not preferred since
they may loosen under vibration conditions. External conneit.ions, excluding test
comections, shall not be located on the front of the enclosures.

5.L6.1O.2.2Terminal board access tyibili . Access to terminal boards and test poin~ shall
not be dependent upon removal of cable entrance plates and cables.

5.1.6.11 sealed eauiD-menl. In sealed equipment or assemblies such as waveguide~ the
use of desiccants or other methods, such as gas pur~ is permitted.

5.1.6.11.1 Wa~h t ioinb. Gmkets for watertight joints shall not be displaced when the
door or cover is removed. The design shall prevent lateral flow of the g~ket when
under impression.

5.1.6.12 size and wei~ The size and weight of the equipment shall be constrained
specified in the end item specification and as specified hereim

as

5.1.6.12.1 Wei~h~ Equipment weight shall be within the limits specified in the end item
specification The weight of equipment exceeding 15 kilograms (kg) (35 pounds @s))
shall be clearly identified on the external surface of the equipment and readily vkdde
during installation and removal. Design of rack-mounted and console equipment shall
maintain the center of gravity as low as practical.

5.1.6.12.2size IirnitatioM. Equipment size limitations shall be as specified hereim Size
limits may be achieved by use of separable units. Guidance for shipboard
mass/size/shape shall be in accordance with DOD-STD-1399, section 071.

5.1.6.12.3 JWuu“mum heieh~. Equipment intended for installation within internal
shipboard spaces shall be not greater than 183 cm. (72 inches) overall height including
stacked units and resilient mounts when their use is permitted.
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5.1.6.12.4Mace shi~ instm . Equipment intended for installation within internal
surface ship spaces shall be constructed to paSSthrough a doorway 66 crri wide by 167 cm
high (reduced ,@rther by round comers on an 20 cm radius) in accordance ,tith
.~D-STD-1399, section 071 and through a hatch 152 cm long by 76 cm wide (reduced
further by round corners on a 19 cm radius). Equipment’ that fi larger maybe allowed if
significant design and cost advantages can be realized and special access, such ~
cutting/weldirig the ship’s bullchea~ may be authorized for installation.

5.1.6.12.5~manne-at oi L E@ipment intended for installation within internal
submarine spaces shall be constructed to pass through the hatches ii.nddoorways
specified herein. Equipment that is larger may be allowed if significant design and cost
advantages can be realized and speciaJ access, such as cutting/welding the ship’s
bukhead, may be authorized for installation.

I 5.1.6.12.5.1Pre-SSN 688 Cl~. Entrance hatches are circular tubes 63 cm in diameter.
Doorways are 50 cm wide by 96 cm high, reduced by comers rounded to a 25 cm radius.

5.L6.13.1 COO‘linp rneth~ . For surface shipq the order of preference for cooling is
natural convectio~ forced air cooling solid state “cold plates and heat p@es”,an~ lastly,
by chilled water. The installation maybe so that exhaust heat is directed to return air
ducts. For submarines, cooling by chilled water is preferred to forced air cooling to
reduce the acoustic signature of the ship. The me@d of cooling selected shall take into
account available cooling systems, density, space, weight and structurebome noise caused
by fans and pumps.

I

5.1.6.12.5.2fN$N688 and late~. Entrance hatches are circular tubes 76 cm in diameter.
Doorways are 50 cm wide by 96 cm hi~ reduced by comers rounded to a 25 crh radius.

5.1.6.125.3 Trident Cl=. Entrance hatches are circular tubes 182 cm iti diameter. o

Doorways are 91 cm in diameter.

5.1.6.13~ermal desiw and construch~. Thermal design shall be in accordance with
requirement 52 of MUSI’D-454 and the guidance of MIH-IDBK-251. Additional
requirements are specified herein. Thermal tests are specified in Appendix D.

5.1.6.13.2Inlet/outlet locatio~ The inlet air port shall be located not less than 30 cm
from the floor.
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5.1.7 ~. Parts selected in accordance yith the end item specification shall not relieve
the contractor of his responsibility of complying with the equipment perforrnarm
requirements and the other requirements of the end item equipment specification Parts
used in militarized equipment shall be as specified herein. The specifier of rugged@d
equipment shall review these requirement for design features that may be required for
the specific application

5.1.7.1 Obsolescence or non-avadabll @. . .
. The contractor’s design and method of part

selection shall mkdmize the impact ~f parts obsolescence or non-availability, as specified
in the end item specification or contract. Standard hardware, such as SE~ SPS, SES,
and SBS may be used to minimize the effects of obsolescence.

5.1.7.2 Parts control. The parts to be incorporated in the equipment shall be controlled
in accordance with MILSTD-965, procedure I or II to the extent specified in the end
item specification.

5.1.7.3 parts derating. Parts derating shall be in accordance with NAVSEA
TEOOO-AB-GTP-O1O.

5.1.7.4 Part rep aceme1 nL l%e arrangement of parts on repairable items shall be so that
replacement of any part is possible without removal of or damage to adjacent parts.
Accessibility shall be in accordance with MIIATD4154, requirement 36.

5.1.7.5 ~ tolerm. When a specification provides more than one grade,
characteristi~ or tolerance of a pm the selection shall be parts of the lowest grad-
broadest characteristi~ and widest tolerances which will enable the equipment to meet
the performance and other requirements of the end item equipment specification The
tolerances of parts shall allow for the effects of long term drift to ensure adequate
performance of the equipment to the end of its intended service life.

5.1.7.6 ~. Used or darnaged parts or materials shall not be used.
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5.1.7,7 _ne ral rec!uiremen~. Parts shall be as specified in Table IX ahd as
specified herein.

Table IX. ~ ““

MILSTD454
Item requirement Additional requirements

Batteries 27 See 5.1.4.10.

Bearings 6 Bearings for use in noise critical appliuitions
shall COIlfOrIIl to MIL-B-17931.

Circulators , Shall COIlfO~ to ~-2$790,

Clamp, cable entrance Shall ~KlfO~ to W-MO(5.

Banana plugs and jacks Shall not be used.

Pressure proof For submarine hull penetration
accordance with MILC-24231.

Controller Shall COnfOrnlto W-2212.
electric motors

Ctmtroki 2$

Coupler% directional 53
(coaxial and waveguide)

Fastener hardware 12

Filters, electrical

Gears and cams 48

Grommets

,.

shall be in

shall conform to MIIATD-1395.

Positive locking devices shall be used to secure
gea% cams, colk.rs and similar devices to shaft.

Shall conform to MIL-G-3036 or MILG-22529.
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Table IX. ~ - Continued

MILSTD-454
Item requirement

Gyroscopes, rate
integrating

Indicator lights 50

Isolators 53

Meters, electrical 51
indicating and accessories

Modules, electronic

Moto~ dynarnotom and
rotating devices

Readouts -

Relays

SeIVo devices

Shunts

Sockets and accessories’

Solenoids

spMgs

switches

Terminations

73

46

68

57

56

40

60

41

58

19

.Additional requirements

ShaII COIlfOrmto MILG-8116&

Shall conform to the color coding requirements
of ASTM F 1166.

Shail not be of the electrochemical
w.

MILSTD-1378

ShalI be marked to show the
direction of rotation.

Shall COIlfOMlto MILS440.
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Table IX:’~’- Continued

MXIA3TD-454
Item requirement

Transformers
Inductors and coils

Tubes, electron

Vibrator power supply

Coaxial cable

Flat cable

Interconnecting cable

Cable multiconductor
(internal)

Wire interr@ hook-up

Wire magnet

14

29

65

71

66

20

Additio@ requirements

Shall not be used.

Shall be low smoke cables @ accordance with
MILC-17

Shall conform to ~C-49055 for cables with
round conductors and MILC-49059 for cables
with flat conductors.

Cables shall be selected from MILC-24643.
Lightweight cables with conductor sizes AWG
12 or smaller shall be selected fkom
M!ILC-24640.

Shall COllfOmlto J-W-1177.
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5.1.7.7.1 ~lect o “c eau”DrnentD- Electro@c equipment parts shall be selected. from
MI?SID-24< =ST%-1562 (rni~ocircuits), MIIATD-701 (semiconductors) and the
Government Furnished Baseline (GFB) in order to facilitate effective logistic suppo~
improve quality, and reduce qsts. The GFB is intended to support the DoD
Stand~dization and Parts Control Program outlined in MII.ATD-965 by listing preferred
parts for use in military electronic and electrical systems. GFB parts lists are available
from the Military Parts Control Advisory Groups (MPCAG) of the Defense Lo@tics
Agen~ (DLA). MPCAGS maybe conta~ed at the following addresses:

Commander
Defense Electronic Supply Center (DESC)
Attn: Me DESC-EPE
1507 Wilmington Pike, Dayto~ OH 45444-5000

Commander
Defense General Supply Center (DGSC)
Attn: tide DGSC-SSC -
South Jefferson Davis Highway
Richmon~ VA 23297-5000

.

Commander
Defense Industrial Supply Center (DISC)
Attn: Code ESM
700 Robbins Avenue
:PMladelphi~ PA 19111-5096

Commander ,.,,
Defense Construction .Supply Center (DCSC)
Attn: Code SS
Columbuq OH 43216-5000.

5.1.’7.7.1.1~le~d Dam standa.r~ . Table X lists parts that are descriid in .
WSTD-M2 ‘.

.:
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Table X. J%@ he~led bv tiSTD -242, ~

&’fIIAWD-2Q Desa- “DtioQ

Part 1
Part 2,
Part3
Part 4
Part 6
Part7
Part 8
Part 9
Part 10
Part 11
Part 12

Synchros, blowers and acoustical parts.
Crystals, delay lines, coils, and transformers.
Resistors. .
Capacitors (see 5.1.7.8.5 for additional requirements).
Relays.
Switches.
Comectors.
Circuit breakers, fuses, lamps, and meters.
Wke and CabIes.
RF components.
Hardware.,

5.1.7.7.1.2Order of Deference for Darts selectiom The order of preference for parts
selection shall be as shown in Table XI.

Table XI. ~lectronic Parts Select omi

~referen~
1. Part listed in GFB and meets military specification.
2. Part listed in GFB only. ,.

3. Part not listed in GFB but meets military specification
4. Part not listed in GFB but meets DESC drawing.
5. Part is commercial but can meet military specification.

5.1.7.’7;1.3~itabilitv ofelectronic D@. Suitability of electronic parts for an intended
application shall be in accordance with TEOOO-AB-GTP-010,MHXPD-454, Table IX
and as specified herein. ‘”

5.1.7.7.2 wire and cable. Aluminum wire shall not be ~. “”

5.1.7.7.3 Air filte~. Air filters shti be in accordance with MILF-16552.

5.1.7.7.4 Convenience power recer.)tacle~.
provided.

Convenience power receptacles shall not be
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5.1.7.7.5Qpacitors.
specified herein.

MIL-STD-2036

Capacitors shall be in accordance with MIIATD-198, and as

5.1.7.73.1 Electrolytic cap-. Electrolytic (aluminum foil) capacitors shall not be
used in alternating current ac applications.

5.1.7.7.5.2~per capaatom
.

. Paper or paper-plastic fixed capacitors with nonmetallic
cases shall not be us@ except that nonmetallic-plastic wrapped capacitors in accordance
with MLC-55514 may be used in encapsulated or hermetically sealed assemblies.

5.1.7.7.5.3rape r dielectric ~cx “tor~. Fixed paper dielectric capacitors shall not be used
except as feed through radio interference capacitors, and these shall be in accordance
with MILC-1 1693.

5.1.7.7.fICQWXWS. Comectors shall be in accordance with MILATD-454, requirement
10, and as specified hereim

5.1*7.7.6.1~. Connectors shall be of the type that will not disconnect or
become loose under the service conditions specified herein and during the service life of
the equipment, For example, comectors with threaded she~ ring tongue terminal
comectors for terminal strips, and comectors that rotate to a locking position.

5.L7.7.6.2 Connector selection and @catio
. .

Q MIL-C-5015 and MILC-28840
connectors shall be selected and applied in accordance with MILSTD-1683.
MILC-28731 comectors shall be selected and applied in accordance with
MILSTD-1683.

5.1.7.7.6.3Connector contacts. we rzize~. Connector plug or receptacle contacts which
remain energized after unmating shall be inaccessible to persomeL

5.1.7.7.6.4$lm.nectors. crmmed @
. . Crimped type connectors used internal or external

to the equipment shall be of a type whose contacts can be crimped with a tool
conforming to MIL-c-ma.

5.1.7.7.6.5Comecto r keving. Multi-contact connectors, including printed circuit assembly
connectio~ shall ti keye~ pola or of a contact configuration to prevent improper
comection positioning or mating.
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5.1.7.7.6.6lvlat”ngconnector Dlugs Mating comectbr plu@ and backshells shall be
furnished with lconnector receptacles. The mating comector plugs and backshells shall “‘
be compatible with the cables required by Table IX without modification of either the
comector or the cable, and without the use of adapters (except RF) or special tools
(other than crimping tools in accordance with MILC-22520).

5.1.7.7.6.7Protect ve capsi . Protective caps shrdl be provided for cable entrance holes
and equipment connectors to provide protetion during shipment or handling prior to
equipment installation.

5.1.7.7.7 Gaskets, For EMP and EMI protectio~ gaskets on exposed equipment shall
provide grounding along the perimeter of the gasket. Additional gaskets may be
required for weather protection. The fol~owingspecial detail requirements for gaskets
shall apply as stated herein.

5.1.7.7.7.1_ke@. The use of flat gasketk shall be held to a minimum and shall be
used only between smooth regular surfaces. Flat gaskets shall be in accordance with
MILR-15624. Consideration shall be given to the degree of enclosure required and the
accessibility required. Gaskets which are not penetrated by mounting screws are
preferred. “o

5.1.7.7.7.2O-rinp_. Installation of O-ring gaskets shall be in accordance with
MLG-55 14. Lubrication shall be in accordance with MIIA-8660 except where
lubrication in seMce is required whic~ shall be as provided for pneumatic seals specified
in MIL-G-5514. O-ring gaskets in accordance with MILP-25732 or MILP-83461 slmll
be used for static seals (between case and cover), reciprocating motion seals
(push-button shafts) and for rotary motion seals where the rotational spt?ed is less than
10 revolutions per minute. The inside radius of corners for static seals shall be gieater
than 3mrm -

5.1.7.7.8 Glass. Glass shall be used in accordance with MWHDBK-722, and shall be in
accordance with class 1, type ~ MIL-G-3787.

5.1.7.7.8.1~ecuring@ws window. Where operating controls are arranged so as to
require the reading of dials through windows in the panels or the control hous@ the
window shall be provided with glass secured to the panels by means of clips or other
mechanical devices. me use of cement alone for securing the glass is not acceptable.
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S.1.7;7.9Dials and DO. ters for units not havinz self-contained illumination. Dials and
@inters stiall have w;te faces with black numerals, graduations, and lettering. In units
having a single indicator, the pointer shall be black. In units having two concentric
indicators, the numeral and pointer colors shall be in accordance with the end item
specification.

5.1.7.7.10Dials and Dointers for interior communications. order. and indicatin~ svste~
The markings shall be free from distortion with clear and sharp edges. The width of the
pointer tip shall be the same width as the minimum dial graduations. The pointer shall
not cover the graduations to which it refers but shall extend only to the nearer edge of
the graduations.

5.1.7.7.11~lluminated devices. Illuminated controls, switches, and dials shall be
illuminated by lighting sources integral to a&ociated equipment. Dials and other
displays illuminated with white light shall be readable in all levels of incident
illumination below 300 lUX. Red’ illuminated dials and displays shall be readable in all
levels of incident illuminatiori up to 0.3 lUX.Where the obsemation of an object or
surface is critical to the operation of equipmen6 the illumination shall be horn’ two or
more sources.

5.1.7.7.11.1- for dark adapted ar~. Equipment designed for use in dark adapted
areas shall use clear lamps with red filters and stencil type material having transmission
characteristics that essentially conform to the cume of Figure 5. There shall be no bright
reflective surface Visllle to the equipment operator.

5.1.7.7.11.2Illuminated Dane&. Integrally illuminated panels shall be in accordance with
MILP-7788.

5.1.7.7.11.3J.ampS. Light emitting diodes (LEDs) are preferred to incandescent lamps
for maintenance and reliability considerations. Lamps for contro~ switches and dials
shall be energized from the secondiuy of a transformer, and the lighting circuit shall be
equipped with a control device to vary light intensity from maximum value to minimum
discernible intensity when all lamps or when 50 percent of the lamps are operative. The
control device may be electrical or optical. The lamp socket voltage shall not exceed the
rated value of the-lamp under any o~rating conditi~m

5.1.7.7.11.4Lamg/d - ay test fisd c@mr~. A lamp/display test feature shall
Incandescent lamps shall be replaceable horn the front panel.
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5.1.7.7.11.5Pials and Dointers for u~ts havirw ~elf-contained red illumination. Dials and
pointers shall have dark faces and white numerals, graduations and lettering when
viewed under high level ambient illumination. Dials and pointers shall present red “
numerals, graciuations and lettering when the internal illumination is eneq$zed and
viewed under low level ambient illumination. In units having a single indicatio~ the
pointer shall have a white border, In units having two concentric indications, distinctive
numerals and shapes in addition to a white border shall be in accordance with the end
item specification. Transmission cut-off characteristics slmll essentially follow the curve
shown on Figure 5. The transmission cut-off shall be 590 nanometers with a peak of
700 nanometers.

90

80

70

60

50

40

30

20

10

500 600 700

Wavelen@ ~~ometers)

Figure 5. Curve of I&bt Trans mission of Red Mate rial,

5.1.7.7.12Terminal lw. Terminal lugs for fitting to ships cables shall not be supplied.

1
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5.1.7.7.13 Elapsed time indim. Elapsed time indicators shall be provided to
indicate the elapsed time for each equipment operating mode, and sh~l be of the solid
state type in accordance with MILM-7793. Elapsed time indicators shall not be
mounted on removable assemblies.

5.1.7.7.14Transform s. inductors a d coils. Selection of transformers, inducto~ and
coils shall be in accor~ance with ~STD-1286.

5.1.7.7.14.1Variable transformers. Variable tr~formers shall be in accordance with
MILT-83721. ‘“

5.1.7.7.14.2Intermediate. radio freauencv. and discrirninator transformer~. Intermediate,
radio frequency, and discriminator transformers shall be in accordance with grade- 1, 2,
or 4 of MILT-55631. The use of grade 3 transformers shall be limited to hermetically
sealed or encapsulated assemblies. When equipment is required to operate at an
internal operating temperature of 65°C or higher, transformers and inductors shall meet
the following constraints:

a. MILT-27 transformers and inductors shall be selected from Class S, T, U, or V.

b. MILT-27, grade 4 transformers and inductors shall not be potted or liquid filled.

c. Items that are selected from requirement 14 of MIIATD454 or any other source
shall have an operating temperature of 13&’Cor greater.

5.1.7.7.15Tun.hw dial mechanism. Tuning dial mechanisms shall be in accordance with
requirement 42 of MIJAHTM54.

5.1.7.8 ~ateti. Prohibited materials are specified in 5.1.3.10. Materials shall be in
accordance with Table XII and as specified herein.

5.1.7.8.1Jh-ittle materia~. Brittle materials are of concern due to performance under
shock and fatiguing. General guidance is provided in the notes section of MIIA-901 for
elongation requirements. Castings for equipment mounted on the mast shall have no
less than 10 percent elongation. This maybe achieved with properly fabricated alloys of
the ALMAG family.

5.1.7.8.2~eta Is and allo~. Metals and alloys shall be corrosion-resistant or shall be
given a corrosion-resisting treatment or coating.

,.
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5.,1.7.8.2,1~issimilar metals. The selection of metals for use in electronic equipment
shall be made in accordtice with MILSTD-889. When electroxiic design requirements
preclude’ the insulation of incompatible metal combinations as identified in
MIJ-SI’D-889 from one another, specific attention shall be paid to is61ating the
combination from exterior enviro~ents. ~

5.L7.8.2.2 ~nsulation of dissimilar met~. Where it would otherwise result in dissimilar
metals being assembled in intimate contact with each. other, an interposing material
compatible to each shall be used. Insulating material is not required between
corrosion-resisting
in the aluminum.

steel inserts and ah.uninu-mcastings when th~ inserts are integrally cast
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Table XII. ~

MIIAWD-454
Item requirement Additior@ requirements

Adhesives

Aluminum alloy bars,

rods,and shapes

Aluminum alloy castings

Aluminum alloy plates

and sheet

Aluminum alloy tubing

Arc resistant

Beryllium-beryllium

Brass

Bronze

Copper

23

Shall be in accordance with QQ-A-200,
QQ-A-200/1,
QQ-A-200/4, QQ-A-200/8, QQ-A-225,
QQ-A-225/2, QQ-A-225/7, or QQ-A-225/8.

26

QQ-A-591, a.llOyS360, 13, 218; QQ-A-596,
alloys 21443564 413; ASTM B 26 or
MILA-21180, alloys A356, A357, 359.

Shall be in accordance with QQ-A-250,
QQ-A-250/2,
QQ-A-2W/8 or QQ-A-250/11.

Shall be in accordance with WW-T-700,
WW-T-700/~ WW-T-700/4, or WW-T-700/6.

Shall be identified as containing beryllium (by
labeling and so forth). IAbel shall contain
health Iiazard warning concerning dust that may
arise from grinding cutting filing or drilling.

Shall be in accordance with QQ-B-639, ASTM
B 16, ASTM B 21, ASTM B 36, ASTM B 121,
or ASTM B 124.

Shall be in accordance with ~TM B 139 or
ASTM B 138.

Shall be in accordance with QQ-C-502.
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Table XII. Material~ - Continued

MII-SI’D-454
Item requirement Additional requirements

Copper-beryllium alloy

Copper-nickel alloy

Copper-nickel-zinc alloy

Desiccants

Dial window gaskets
and seals

Encapsulation and
embedment (potting)

Ferrous alloys

Fungus-inert

Hydraulic fluid

Hydraulic or pneumatic
packing

Shall be in accordance with ASTM B 194,
ASTM B 196, ASTM B 197, or MILC-22087.

Shall be in accordance with MLC-15726 or
MILC-20159.

Shall be in accordance with MILC-17112,
ASTM B 122, ASTM B 151, or ASTM B 206.

Shall be in accordance with MILD-3464.

Shall be in accordance with MILR-2765
for other than low temperature (-3@C
minimum) applications:

47

4
,.

Shall be in accordance with MILF-17111 or
I

MILH-19457.

Shall be in accordance with ?vflLG-5514
or ASTM FI04.

Insulating electrical 11

Lubricants 43
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Table XII. ~aterial~ - Cmtinued

M&STD-454
Item requirement Additional requirements

Nickel-copper ahoy ~~Shall be in accordance with QQ-N-281,.
QQ-N-2.86, ASTM A 494, or, MILC-24733.

Plastic Shall not be used for viewing windows. Shall
be selected from MIIADBK-700. Shall be
coated with varnish conforming to MILV-173,
if porous.

.,,

Silver brazing alloys Shall be in accordance with QQ-B-654. ~~.-

.:.,. ....’

,.. ,
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5.1.8 J%inting. The exterior and interior surfaces of metallic enclosures for militarized
equipment shall be painted as specified hereiq except the inte~or of treated aluminum
enclosures for sheltered locations need not be painted. Prior to painting, the applicable
pretreatment and primer shall have been completed. Plastic enclosures normally will not
be painted. Paint system tests are specified in Appendix D. The surface preparation
shall result in at least a 0.050 mm surface profile. The specifier of ruggedized equipment
shalJ review‘these requirements design features that may be required for the specific
application.

5.1.8.1 Adhesion and blister resistan~. Paint systems shall show no blistering or
adhesive failure when tested as specified hereim

5.1.8.2 ~U minum and aluminum allov DretreatmenI. Aluminum
pretreatment shall be as follows:

and aluminum alloy

(a) ~leaning. The basic metal shall be cleaned to remove grease, oil, welding fl~ or
other foreign matter.

(b) 4@idm

(1) ~otected ewment.
@terior @ For protected equipment (interior use), 9

aluminum and aluminum alloy parts sh~l be anodized in accordance with
MWA-8625, primed with material conforming to ‘IT-P-645. The topcoat shall
match the surrounding structure.

(2) _ed ea~ent (e~nor use). .
For exposed equipment (exterior use),

ahuninum and aluminum alloys shall k coated in accordance with section 5.1.8.5.

5.1.8.3 Ferrous metal Dretreatment.. Ferrous metal pretreatment shall be as follows:

(a) Cleaning After all machining welding and brazing operations are complete~ rust
or other corrosion products and flux shall be removed by abrasive blasting sanding wire
brus~ or other mechanical means. Surfaces shall be cleansed of all grease, o% and
dirt by solvent wiping and rins~ vapor degreasin~ or caustic washing followed by
rinsing.

(b) mli~tiou Ferrous metals shrdl be pretreated in accordance with type I or III of
TT-C-490.
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1. 5.1.8.4 Protected eau.iDment (titerior use). ..
,.

I 5.1.8.4.1PrimeI. One mat of primer in accordance with “’IT-P-645Bor TFP-664”. The
primer shall have a dV film thickness of 0.015 millimeters (mm) to 0.020mm.

5:1.8.4.2Enamel. Enclosures shall be painted with two continuous film coats of enamel
in accordance with MILE-15090. Each coat shall have a minimum thickness of
0.025~ dry film thickness. Enamel for shipboard portable equipment enclosures shall
be in accordance with class 1 of MILE-15090. Enamel for other protected equipment
enclosures shall be in accordance with class 2 of MILE-15090.

I 5.1.8.5 J3xposed eauit)ment [exterior use~. Equipment or units thereof, exposed to the
weather shall be finished with four coats of paint in accordance with the following:

1st coat Epoxy-polyamide primer in accordance with MLP-24441 and MILP-24441/l
(0.075 mm to 0.100 mm dry film thickness).

2nd coat: Epoxy-polyamide top coat in accordance with MILP-24441/6 or

e

MILP-24441/3 (0.050 mm to 0.075 mm dry film thickness).

3rd to 4th coat: Silicone alkyd enamel in accordance with DOD-E-24635, color 26270 in
accordance with FED-STD-595 (0.025 mm to 0.040 mm dry film thickness). The total
dry fihn thiCkIMS SW be 0.18 mm to 025 mm.

5.1.8.6 Jvfarine Coros e~ The following requirements apply only to equipment
subjected to extreme conditions for which a urethane coating system is the only
acceptable optioLL The primer contains chromate which is a hazardous material; the
topcoat contains urethane and isocyanate which are also hazardous materials and require
compliance with local air pollution control regulations. Maintenance of these coatings is
considered a depot-level task. Application shall be as follows:

5.1.8.6.1m. Primer in accordance with MILP-23377 shall be applied with a dry
film thickness of 0.015 mm to 0.025 mm

5.1.8.6.2-. Two coats of urethane enamel in accordance with ML-C-83286 shall
be applied. Each coat shall have a minimum thickness of 0.025 mm

5.1.8.7 Colo~. Colors for the painting of equipment shall be selected in accordance with
FED-STD-595.
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5.1.8.8 Paint Syste~. The forgoing specific guidance

o
may not cover all possible

applicatio~ when alternative pain~ schemes-must be specifie~ the treatmen$ prime coat
and topcoat chosen shall all be compatible and shall ~ selected in accordance-with”
MWT-704. The use of hazardous materials is to be avoided wherever possible; the u&
of lead- and chromate-containing coatings shall be avoided when an approved alternative
exists. Consideration shall be given to the field maintenance’ of paint systems.

,,. .
. .

., ”’, ;,

.,,

,.”
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5.1.9 Process~. The specifier of ruggedized equipment shall review these requirements
for design features that may be required for the specific application. Processes shall be
as specified herein.

5,1.9.1 Processes. general rea uirernenu. Processes shall be as speci~ed in Table XIII.

Table XIII. proce~

MIIATD454 . “
Item requirement. Additional requirements

Anodizing for
painted surfaces

Brazing

castings

Chromium plating

Copper plating

Corrosion protection

Gold plating

Nickel plating

Phosphate coating

Rhodium plating

Shall be in accordance with MILA-8625
or chem”cal treatment conforming to ~-.c
MILC-5541.

59

21 Zinc alloy and magnesium alloy castings shall
not be used.

Shall be in accordance with QQ-C-320.

Shall be in accordance with MILC-14550.

is

Shall be in accordance with type II or type III”
of MIL-CM5204, depending on application

Electroplating shall be in accordance with
QQ-N-290. Electroless shall be in accordance
with Mnc-26074.

Shall ~’ in accordance with DOD-P-16232.

Shall be in accordance with class 3 of
h41LR4i035.

.
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Table XIII. ~ocm - Continued

MILSTD-454
Item requirement Additional requirements

Silver plating Shall be in accordance with QQ-S-365.

Soldering Shall be tailored in accordance with
MHATD-2000.

Tin plating Shall be in accordance with ASfi B 545.

Aliphatic urethane plating Shall be in accordance with MILC-832116.

Welds, resistance 24

Zinc coating Shall be in accordance with ASTM A 153 (hot
dip galvanizing), ASTM B 633
(electrodeposited), or MILC-81562
(mechanically deposited).

Zinc plating 15

5.1.9.2 Protective pl~~ or coating. A protective plating or coating shall be applied to
all metals which are not corrosion-resistant except for the following

(a)
(b)
(c)
(d)

Items bathed in lubricants.
Interior surfaces of tube, relay or coil shields.
Items which are potted, encapsulated or hermetically sealed
Where electric grounding through the surface is required.

5.1.9.3 Weld@. Welding shall be in accordance with MILSTD-454, requirement 13.
Samples representative of production and welded on production machines shall be tested
to destruction to determine conformance to this requirement. Brittle materials shall not
be used for castings or weldments. AUweldments of equipment which is to be mounted
on masts shall satisfactorily pass a non-destructive test using either radiographic or
ultrasonic procedures.
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helpful, but is not mandatory.)

MILSTD-2036

6. NOTES

of a general or explanatory nature that may be

6.1 Intended use MLSTD-2036 is intended to assist the preparing activity with the
preparation of end item equipment specifications for COTS, Modified COTS,
Ruggedized, and Militarized equipment. This standard establishes the characteristics
which should be selected for inclusion in an end item specification. MILSTD-2036
provides criteria for selecting and modifying requirements from referenced
standardization documents and provides equipment characteristi’kswhich are necessary
for sound military operations. The preparing activity should research the requirements
and documents cited herein.

6.2 Issue of DODISS. When this standard is used in acquisitio~ the applicable issue of
the DODISS must be cited in the solicitation (see 2.1.1, and 2.2).

6.3 ~orcirw current zerQ. The requirement for forcing current zero is derived as follows:

If i = ImSin(wt),where Imis the peak value of curren~ t is time, and w is the number of
radians per second, then the change in current (differential with respect to time) is
di/dt =-ImwCos(wt). The di/dt is maximum when wt=0, and the maximum rate of
change is Imw. For 60 Hz applications, w = 2x60 = 377, and Im = J’21m,where Ids
the root-mean-square value of the current waveforxq then the maximum change in
current is 5331m. Since the inrush current may be as much as 10 times rated current
(iD)@en the maximum change in current expected is 5,330 Im. The specitled value of
10,000 times rated current per secon~ or 10 I~er millisecon~ is felt to be a
reasonable requirement.

6.4 ~licatio~. Requirements for shore (land based), mobile,
applications will be promulgated as revisions to this standard.

6.5 ~Ject term (ke-yword listin~.
COTS
Militarized
NDI
Ruggedized
Tailoring
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CONCLUDING MATERIAL

Custodian: Preparing activity:
NAVY - SH NAVY - SH
ARMY - ER (Project GDRQ-O1O8)
AIR FORCE -11

Review activities:
NAVY - EC, OS
ARMY - AR, AV, CR, ME, MI, TE
AIR FORCE -17, 19,85
COAST GUARD - CTES
DLA-ES
FAA
NASA
DESC-EPE
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Appendix A
Navy Standard Electronic Power System

10. SCOPE.

10.1e. This appendix provides a description of a survivable approach for providing
power to electronic equipment. This appendix is not a rnandato~ part of the standard.
The information contained herein is intended for guidance only.

20. APPLICABLE DOCUMENTS

This section is not applicable to this appendix.

30. DESCRIPTION

30.1 Naw Standard Electronic Power S- . The Navy Standard Electronic Power
System places a 155 Vdc node between the electrical circuits within the combat system
equipment and the ship’s electrical distribution system. his node may either be internal
to a single equipment or external and common to a group of functionally compatible
equipment. A block diagram of the Navy Standard Electronic Power System is shown in
Figure 6.

30.1.1 fiect ifier cond”t”o~. The rectifier conditioner is a polyphase transformer diode
bridge, and LC filter: ~r another form of a unity power factor power supply. This
conditioner rectifies the alternating current (at) line to 155 Vdc while meeting the 3
percent current harmonic limi~ 5 percent load current unbalance and 2500V spike
voltage requirements specified in MHAWD-1399, section 300.

30.1.2 looms holclyp mod~. The 100 millisecond (ins) holdup module provides ride
through of momentary power interruptions of up to looms duratio~ and uses capacitors
for energy storage. It is not effective to use batteries for this module due to the internal
voltage drop of the batteries.

30.1.3 jmin holdtm module. The 5 minutes holdup module provides power to critical
circuits during short term power interruptions of 5 minutes or less. The 5min holdup
module uses batteries for energy storage. Because of the weight penalty associated with

9!.
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Figure 6. NavySmda rd Electronic Power SVstem

the batteries, 5min holdup will be provided only for those critical circuits needing
continuous power for rapid restart following restoration of power.

30.L4 Navy Standard I%wer Supm. Conversion of the 155 Vdc node voltage to working
voltages needed within the equipment shall be actirnplished using Navy Standard Power
Supplies (see 5.1.4.9). These units are suitable for operation from either 155 Vdc or
from 115V, type I power as specified in h411.A$TIl-1399,section 300. Navy Standard
Power Supplies provide the working voltages needed by the equiprnen~ and enable the
equipment to ride through the wide voltage variations seen cmthe ac line.
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30.1.5 lnverte~. Where special frequency power or clean 60-Hz power is required by
equipmen~ a solid state invertor powered from the 155 Vdc node shall be used. The
input power specifications for the invertor shall be the same as specified for Navy
Standard Power Supplies in NAVSEA SE O1O-AA-SPN-O1O.
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Appendix B
@~i~ ASSura.xlce

,,

,-

10. SCOPE.

10,1-. This appendix provides quality assurance requirements for specifying COTS
and ruggedized equipment. This appendix is a mandatory part of the standard. The
information contained herein is intended for compliance.

20. APPLICABLE DOCUME~

20.1 Specifications. standards. and handbook. The following specifications, standards,
and handbooks form a part of this document to the extent specified herein. Unless
otherwise specified, the issues of these documents are those listed in the issue of the
Department of Defense Index of Specifications and Standards (DODISS) and
supplement thereto, cited in the solicitation (see 6.2).

FEDERAL
MIISI’D-1556

(unless otherwise

Government/Industry Data Exchange Program (GI’DEP) Contractor
Participation Requirements.

indicated copies of federal and military specifications, standark and
handbooks are available from ~he Standardization tie&s Order Desk BLDG~4D,
700 Robbins Avenue, Philadelphi~ PA 19111-5094.)

30. PROVISIONS

30.1 Ouality assuran~. The quality assurance program shall be tailored in accordance
with MILAWD-96lC,or an equivalent document or program approved by the
Government. Provisions for quality assurance shall be as specified herein.

30.1.1 J@sllonsibilitv for ins~ect”o~ The contractor is responsible for the performance of
all inspection requirements as s~cified herein. The contractor may use his own or any
other facilities suitable for the performance of the inspection requirements specified
herein. The Government reserves the right to perform any of the inspections set forth in
the specification where such inspections are deemed necesswy to assure supplies and
services conform to prescribed requirements.
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Appendix B
(Continued)

30.1.2 ~0 nsibilitv for comdiance. The inspection set fort&in this specifitition ‘shall
become a pti of the contractor’s overall inspection system or quality program The
absence of ariy inspectiori requirements in the specification shall not relieve the
contractor of the responsibility of assuring that all products or supplies submitted to the
Government for acceptance comply with all reqtiirement.s of the contract. Sampling in
quality conformance does not authorize submission of known defective materi~ either
indicated or actual, nor does it commit the Government to acceptance of defective ~‘
material.

30.1.3 Government verification. All quality and safety assurance operations performed
by the contractor will be subject to Government verification at any time. Verification
will consist of (a) suxveil.kmceof the operations to determine that practice, metlmds, arid
procedures of the quality and safety program requirements are being properly ‘applied
(b) Government product inspection to measure quality and safety of product to be
offered for acceptance, and (c) Government inspection of delivered items to aMue
compliance with this specification (not exch.ding any-requirement of the specification for
which detiled tes~ “are not specified herein). Alternative methods for Government
inspection are as follows:

Had.wE -.
(a) Test - Qualification through systematic exercising of the item under appropriate
conditions. Performance is quantitatively measured either during or after the controlled
application of either real or simulated functional or environmental stimuli. The analysis
of data derived “froma test is an integral part of the test and may involve automated data
redution to produce the necessary results
(b) Demonstration - Qualification by operatio~ adjustment or reconfiguration of items
performing their designed functions under specific Scenm”os. The items maybe
instrumented and quantitative limits or performance moxi.itored,but only check sheets
rather than actual performance data are required to be recorded.
(c) Visual inspection - Qualification by a visual examination of the item reviewing
descriptive documentatio~ and ~mparing the appropriate characteristics with
predetermined standards to determine confopmnce to requirements without the use of
special laboratory equipment or procedures. This type of inspection requires “theuse of
check-off lis~ which indicate accept/reject @teria for each item type.

.

103

Downloaded from https://www.everyspec.com



.- ..

MIISI1l-2036

Appendix B
(fintinued)

(d) Analysis - Qualification ‘by technical or mathematical evaluatio~ mathematical ‘ “
models or simulatio~ algorithms, charts, graphs, or circuit diagrams, and representative
data.

SQMa
(a) Test - Specified values of input will be used to exercise specific segments of code.
The test item. and the associated requirement will then be vetiled by examination and
comparison of obtained output and predetermined output values.
(b) Demonstration - The resuh of reactions of the code will be observed and recorded or
logged. The examination of the data and witnessing of events will verify that the
associated requirements have been met. ~
(c) Visual tipection - Qualification by a visual examination of the ite~ reviewing
descriptive-documentatio~ and comparing the appropriate characteristics with
predetermined standards to determine ixmformance to requirements without the use of
special laboratory equipment or procedures.
(c) Analysis - Qualification by technical or mathematical evaluatio~ mathematical
mti.els or simulatio~ algorithms, charts, graphs, or circuit diagrams, and representative
dati”

30.1.4 J%ilure trite “m The equipmen~ or portions thereo~ subjected to a test specified
herein shall be considered to have failed the tests when any of the folloting occuc

(a)
(b)
(c)
(d)
(e)
(f)
(13)
(h)
(1).
(2).
(3).
(4).

Failed to meet specification.
Process out of control.
Failure to test,
Incorrect specification
Safety conditiom . .
Primary failed item (not failures due to seconday effects).
Failure occurred within specified
Failure resulted from deficient:
Process
Inspection
Testing
Handling and packaging.

limits. - -
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Appendix B
(Continued)

(5). Wrong product supplied.
(6). Labeling.

30.1.5 Froblem/failure report irw and correct ive act 04i Problem/failure rep&ting and
corrective action of any failure shall be in accordance with MIIAWD-78S. In addition,
the wn~actor shall.determine and report the yield or percentage of failures that
occurred for each level of hardware. For correctio~ consideration shall be paid to
GIDEP data utilization in accordance with MILSTD-1556,

30.1.6 Desire qualification testing. The item designated for design qualification testing
will normally be an engineering development model (EDM), or equivalent. Design
qualification testing shall be performed prior to commitment to production

30.1.7 First article inspectio~ The first article inspection shall be performed in
conjunction with production contracts only. First articles shall be representative of items
which will be produced under the production Contraq and may include initial production
samples first lots, pilot mode@ and pilot lots. The items designated for first article
inspection shall be subjected to examinations and tests to determine compliance with this
specification and the individual equipment specification

30.1.8 ~CtlOq
. .

. @alitY conformance inspection and testing shall
be performed on each item offered for delive~. It shall compfi examination and
testing to prove the workmanship and reveal omissions or errors in the production
process such as functional and performance tests which detect deviation from desi~
tests of controls and adjustments, and manufacturing screening testing for the purpose
stimulating latent defects in both parts and workmanship.

30.1.9 J%oductOnOtld -
. .

i itv conformance samDhng mmect o~i sampling for production
quality conformance inspection shall be in accordance with the individual equipment
specification The inspection shall consist of examination and tests which encompass
functional and performance tests throughout the entire range of operatiom The
inspection shall include tests which will detect any deterioration of the design by wear
such items as dies, molds and jigs, and by the substitution of p- tests which detect

of

of
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(Continued) I

deviations in the processing of materials, and tests to determine temperature rise
produced in equipment operation and the ability of equipment to withstand this heat.

30.1.10 Pes im reau alification. Additional testing shall be performed when the design of,
or material used i% the equipment is changed and such change may affect the “
equipment’s ability to comply with one or more of the environmental test requirements.

30.1.11 &rfWIhN?OfDOtential NIX ea-uipmen~. NIX candidate equipment shalJ be
screened against the application specifications. The screen shall include an engineering
evaluation of desi~ production and test specifications; inspections of visual attributes;
and tests of performance, environmental, and suitability characteristics. The engineering ~
evaluation shall determine what characteristics can be accepted horn available data and
what characteristi~ shall be verified by tests. The NIX supplier shall submit design and
test data as required by the contracting activity to support the engineering evaluation.

a
When the available data or visual inspection is insufficient to determine the ability of the
equipment to meet an application requirement. a suitable test shall be conducted to
assess the equipment’s capability against the application requirement; application critical
performarw characteristics shall be tested regardless of available data Screening tests

I

employing combined functional and environmental performance are preferred over I
individual tests of attributes. The test articles shall be selected at random horn

I

production lots of NDI equipment The NDI supplier shall normally be entitled to idl
test and evaluation data specific to the equipment urdess other specified in the
solicitatio~ order, or contract. The evaluation of suitability characteristics shall take into,
account the acquisition strategy, including maintenance and support provisions and
warranties. Note Normally at least three test articles are required to satisfy all
screening test requirements; “screeningtests normally require from 90 to 180 days.
Mission critical equipment may require more test articles or longer test durations.
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Appendii c
... , ~ Ruggedized and COTS Features

,.

10. SCOPE.

10.1e. This appendix provides militarized requirements that maybe specified for
COTS and ruggedized equipment. This appendix is not complete, and only provides

..=
“.

suggestions for specifiers. The specifier i; encouraged to re~ew all r@i-d
equipment requirements (see 5.1.4 through 5.1.9) for requirements that may.be suitable
for the end item specification. This appendix is not a mandatory part of the standard.
The information contained herein is intended for guidance only.

20. APPLICABLE DOCUMENTS . ,, .,.
,.:.,

This section is not applicable to this appendix. ,
.. . ~,,,

30. REQUIREMENTS

30.1 Qtomized ruwed ed and COTS em.
The following mili~ized requirements “

(see 5.1.4 through 5.1.9~my be adopte~ to ru~edized and COTS acquisition options.

Built in test

Safety.
Electrical overcurrent protection
Equipment warm-up and restart. . ~
Digital computer grounding.
Comectors.
Ilh.mhated devices.
Power interfake.

.
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Aj?pendix D
Equipment Tests

10. SCOPE.

1.0.1~co~. This Appendix provides test methods ,tiat’ are not adequately provided for in
other standards/specifications. This Appendix is a mandatory part of the standard. The
iiiforination contained herein is intended for compliance.

~ .
20. APPLICABLE DOCUMENTS

20.1 speo “fications.sta dards. an nd handboo~. The following specifications, standards,
and handbooks form a part of this document to the extent specified herein, Unless

* .c@env@%specifie~the issues of these documents are those listed in the issue of the
,~D,ep,utrnentof Defense Index of Specifications and Standards (DODISS) and
“supplement thereto, cited in the solicitation (see 6.2).

FEDtiRAL
FED-STD-141 Paing Varnish Lacquer and Related Materials: Methods of

Inspectio~ Sampling and Testing.

(Unless otherwise indicated copies of federal and military specifications, standar~ and
handbooks are available fkom the Standardization Documents Order Deslq BLDG. 4D,
700 Robbins Avenue, Philadelphi~ PA 19111-5094.)

20.2 ~on-Governrnent publicatio~ The following document(s) form a part of this
document to the extent specified herein. Unless othenvise specified the issues of the
documents which are DoD adopted are those listed in the issue of the DODISS cited in
the solicitation Unless otherwise specified, the issues of documents not listed in the
DODISS are the issues of the documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY FOR TESTXNGAND MATERIALS
ASTM D 714 Standard Method of Evaluating Degree of Blistering of Paints.
ASTM D 1141 Standard Specification for Substitute Ocean Water. (DOD adopted)
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Appendix D
(Continued)

(APPli~tion for copies shodd be addressed to the American Society for Testing and
Materials, 1916 Race St.ree~ Philadelphi~ PA 19103.)

(Non-Government standards and other publications are normally available from the
organizations that prepare or distribute the documents. These documents also may be
available @ or through libraries. or other informational services.)

. ,. >. .. ;

30. ~ST: ME~ODS “’

30.1 Thermal test The test shall include the measurement and recording of the
~ormation spe~led in (a) through (d).

(a) ,~~ating temperamre of parts that operate at 75 percent or more of rated value.. . .
@) @rating. temprame of parts that dissipate 10percent or more of the total power
di&ipated by the unit in which they are installed. .,

(c) Surface temperature of enclosures front pane~ and controls.
(d) Hotspot tempera~es.
(e) Inlet and outlet temperature differentials when.forced air cooling is utilized.

Upon completion of the thermal performance tes~ a visual marination shall be made to
detect evidence of deterioration of parts and materials used in the equipment.

30.1.1 m cond t ON
. .

The thermal test shall be performed on equipment under the
conditions spec~~d ~ a through d.

(a) Maximum operating temperature of the range, as specified herein.
(b) @rating retie which will cause the maximum steady state power dissipation.
(c) Continuous equipment operation for a time span that will achieve thermal
stabilization, The condition under which equipment is to have achieved thermal
stabilizatio~ for example temperature does not change more than l°C/hr, is to be
tailored.
(d) Equipment cabinets closed.
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(Continued)

30.1.2 Thermal instrurnentatio~ Thermal instrumentation such as thermocouple%
infrared photography, chemicals or calibrated thermal sensitive materials that will
measure temperatures shall be used in the test. The method used to measure
temperatures shall not affect the accuracy of the measurement.

30.2 Inclination. The equipment shall be subjected to the test limits specifiedherein.
The equipment shall be energized and fully operating during the applicable test. The
equipment shall be inclined at the rate of 5 to 7 cycles per minute in one phase to imgles
of 45 degrees on both sides of the vertical for surface ships, 60 degrees for submarines,
for a period of not less than 30 minutes. During the inclination testing, equipment with
drawer slides shall be extended on its slides, to verify that the slides have sufficient ~
lateral strength to support the equipment with inclination in all test directions. For
equipment whose operation is degraded when the drawer is extended for example due to
interlti~ the tests shall also be performed with the drawer slides closed. The test shall:
be repeated with the equipment reoriented 90 degrees to the plane in which it was
originally tested. At the conclusion of these cyclic tests, the cyclic motion shall M”
stopped and the inclination adjusted to an angle of 15 degrees. The equipment shall
then be operated for a sufficient period to ensure that the continuous operation can be
maintained. The equipment shall then be rotated through the vertical to 15 degrees in
the opposite direction and the test for continuous operation repeated The test shall be
repeated with the equipment reoriented .90 degrees to the plane in which it was
originally tested.

30.3 Accelerate d life tes~. Accelerated life tests shall be as specified hereim “

30.3.1 Jnitiall conditio~.

(a) E@pment shall be set up in a temperature-controlkd chamber at 25
Maintain relative humidity of 45 to 55 mrcent until otherwise indicated.
(b)
(1)
(2)
(3)

Equipment enerm- and fiequen~ specified.
Nominal line voltage and fkequency specified.
Cooling system in normal operatiom
Fully operational for 2 hours.

I
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(Continued)

(c) When equipment internal temperature has stabili@ performance parameters shall
be measured and recorded as reference test data for comparison with subsequent tests.

30.3.2 Temperature conditio~. Temperature conditions shall be established as follows:

(a) Redtice chamber temperature, at a uniform rate in not less than 4 hou~ to the
lowest operating temperature of the range specified.
(b) Maintain chamber temperature at the lowest operating temperature of the range for
10 hours.
(c) Neak the end of the lo-hour period, measure and record the performan~
parameters.
(d) Increase chamber temperature, at a uniform rate in not less than 6 how to the
highest operating temperature of the range specified.
(e) Maintain chamber temperature at the highest operating temperature of the range
specified for 8 hours.
(f) Near the end of the 8-hour peric@ measure and record the performance parameters.
(g) Redu@ chmkr temperature, at ‘a uniform rate in not less than 6 how to the
lowest operating temperature of the range specified.
(h) Maintain chamber temperature at the lowest operating temperature of the range
specified for 2 hours.
(i) Near the end of the 2-hour peri@ measure

30.3.3 Vol@~e and freWe cy cycn line conditio~.
conditions shall be established as follows: .

and record the performance parameters.

Voltage and frequency cycling

(a) Decrease the input voltage to the lower limit of the equipment voltage tolerance
band.
(b) @crate for 1 hour and record performance parameters.
(c) Return inputvoltage to nominal value. Decrease input frequency to the lower limit
of the equipment frequency tolerance band.
(d) Operate for 1 hour and record performan~ parameters.
(e) Return input frequency to nominal value.
(f) Increase temperature to 2S ~ 5°~ at a uniform rate in not less than 6 hours.
Maintain this condition for 2 hours and re~rd performance parameters.
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(g) With equipment operating at 25 * S“c decrease input voltage and frequency to the
lower limits of the equipment vohage and ikquen~ tolerance bands. Maintain this
condition for 1 hour and record performance parameters.
(h) Repeat (g) with input voltage at the upper limit of the equipment voh.age tolerance
band and input frequency at the lower limit of the equipment frequency tolerance band.
(i) Repeat (g) with input voltage and frequency at the upper limits of the equipment
voltage and frequenq tolerance bands.
(j) Repeat (g) with’input ‘vohage at the lower limit of the equipment voltage tolerance
band and input frequency at the upper limit of the equipment frequency tolerance band.
(k) Increase chamber temperature, at a uniforni rate in not less than 6 hours, to the
highest operating temperature of the range specified.
(1) Record performance parameters at the end of the uniform temperature rise test of ~
(m) Maintain chamber temperature and frequenq conditions of (k), increase input
voltage to the upper limit of the equipment voltage toleran~., band.
(n) Operate for 8 houis and record perfomce parameters. a
(o) Maintain voltage, and frequency conditions of (m) and increase relative humidity to
between 90 to 95 percent.
(p) Operate for 2 hours and record performance parameters.
(q) Maintain frequency and relative hrnidity conditions of (o), but decrease input
voltage to the lower limit of the equipment voltage tolerarw band.
(r) Operate for 1 hour and record performance parameters,
(s) Maintain hi@ temperature and humidity conditions of (q), but return input voltage
and frequency to nominal values.
(t) Operate for 1 hour and record performance parameters.
(u) Repeat high temperature voltage and frequenq cycling tests of (o) through (t) for
not less than 59 cycles.
(v) Repeat high temperature voltage and fi-equencycycling tests of (o) through (t) with
relative humidity at 10 to 20 percent for not less than 15 cycles.

30.4 paint svstem test. Test panels composed of the same material as the exposed
equipment skmlIbe prepared and painted using the same methods that will be used on
the equipment to be delivered, Where more than one type of material is@ test
panels of each type shall be prepared and tested in accordance with one of the following
procedures as speeified in the individual equipment specificatioIL
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(a) Panels shall be subjected to the salt fog test in accordance with MILSTD-81O,
method 509, except that a 2@ercent salt solution shall be use~ the duration of exposure
shall be 5 days, and the following shall be performed after the wash in running water.
(b) Immerse panels in a 5-percent (by weight) solution of sulfuric acid for 30 minutes.
(c) Remove panels from the sulfuric acid solution and place them in a dry heat oven at
93°C for 1 hour.
(d) Remove panels from the oven and immediately immerse them in cold (9 to 14°C
water for 10 minutes).
(e) Remove panels from the cold water and immerse them for 2 days in hot (80”C)
synthetic seawater, conforming to ASTM D 1141.
(f) Determine adhesion and degree of blistering as specified herein.

30.4.2 fiocedure II..

(a) Condition panels for 1 week at 23 k 3°C after appkation of the final coat.
(b) Immerse panels for 12 weeks in hot synthetic seawater conforming to ASTM D
1141.
(c) Determine adhesion and degree of blistering as specified herein.

30.4.3 Blistering The degree of blistering shall be determined in accordance with ASTM
D 714. Blisters appearing within 0.65cm from the edge of the panel shall be
disregarded.

30.4.4 Adhesiom The loss of paint adhesion on both sides of each panel shall be
determined in accordance with method 6301 of FED-STD-141, except the requirement
for panel immersion shall be omitted
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10. SCOPE.

o

10.1 Wope. This appendix provides safety requirements for specifjhg COTS and
ruggedized equipment. This appendix is a mandatory part of the standard. The
information contained herein is intended for compliance.

20. APPLICABLE DOCUMENTS

20.1 Government document~.

20.1.1 ~ecifications. standards. and handbook. The following specifications, standards,
and handbooks form a part of this document to the extent specified herein. Unless
othenvise specifi~ the issues of these documents are those listed in the issue of the
Department of Defense Index of Specifications and Standards (DODISS) and
supplement thereto, cited in the solicitation (see 6.2).

MILITARY STANDARD
MI@TD-142s Safety Design Requirements for Military Ixers and Assoeiat@

Support Equipment.
: ,,

HANDBOOKS k
MDAIDBK-600 Guidelines for Identificatio~ Mar~ Labe@ Storage and

Transportation of Radioactive Commodities.

(Unless otherwise indicated, copies of federal and military specifications, standarb and
handbooks are available from the Standardization Documents Order Deslq BLDG. 4D,
700 Robbins Avenue, Philadelphi~ PA 19111-5094.)

20.1.2 Other Government documents. drawin~ and ~ublicatio~. The following other
Government documents, drawings, and publications form a part of this document to the
extent specified herein. Unless otherwise specifie~ the issues are those cited in the
solicitatiorL
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PUBLICATIONS

CHIEF OF NAVAL OPERATIONS
OPNAVINST 5100.19 Navy Safety Precautions for Forces Afloat.
(Application for copies should be addressed to the Chief of Naval Operations, 0P461,
Washingto~ DC 20350)

SPACE AND NAVAL WARFARE SYSTEMS COMMAND
SPAWARINST 5100.12 Navy hser Radiation Hazards Prevention Program.
NAVELEX O967-LP-624-6O1O Electromagnetic Radiation Hazards.

(Application for copies should be addressed to the Naval Publications and Forms Center,
5801 Tabor Avenue, Philadelphi~ PA 19120)

FEDERAL REGULATIONS
10 CFR 20 Code of Federal Regulatio~ Title 10, Part 20.
21 CFR 1000-1050 Code of Federal Regulatio~ Title 21, Parts 1000-1050.

(The Code of Federal Regulations (CFR) and the Federal Register (FR) are for sale on
a subscription basis by the Superintendent of Documents, U.S. Government Printing
office, Washington Dc 20402.)

20.2 ~on-Government Dubficatiou The following documents form a part of this
document to the extent specified herein. Unless otherwise specified, the issues of these
documents which are DoD adopted is that listed in the issue of the DODISS cited in the
solicitation. Unless otherwise specifie~ the issues of documents not listed in the
DODISS are the issues of the documents cited in the solicitation (see 6.2).

UNDERWRITERS LABORATORIES, INC. (UL)
1012 Power Supplies.

(AppfiHtion for copies should be addressed to the Underwriters Laboratories, he., 333
Pfingsten Road, Northbroo~ IL 60062.)
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AMERIC~ NATIONAL STANDARDS INSTITUTE (ANSI)
C95.1 Safety levels with respect to human exposure to radio frequency, ,

electromagnetic fields, 300 KHz to 1~ G Hz.
C95.2 Radio frequency ra@iationhazard warning symbol.
05.3 Techniques and Instrumentation for the Measurement of Potentially

Hazardous Electromagnetic Radiation at Microwave Frequencies.
Z53.1 “ Safety color code for marking physical haza.@.
N2.1 American National Standard, for Warning symbols-Radiation symbol,.

(AppIicationk for copies sfiould be addressed to the American National Standards”
Institute, 1430 Broadway, New Yoriq NY, 1~18.)

(Non-Go~ernment standards and other ~ublications are gorrpally available from the
organizations that prepiire or distribute the documents., These documents also may e
available in or @rough libraries or other inforrqational semices.) . “a,,

30. PROVISIONS
.,,,

30.1 safe~. Tailoring guidance maybe ob&ined born the Institute of Electrical and
Electronic Engineers (IEEE), National Ele@rical Manufactu~e~ Association (NEMA),
American National Standards “Institute (ANSI), ‘tie ~ti of Federal Relations (CFR),
National 13kctri~ Code (NEC); National Electrical Safety Code (NESC), National Fire
Protection Agency (WA), Occupational Safety and Health Administration (OSHA),
and Underwriters Laboratories (UL). Provisions fok safety shall be as specified hereim

30.1.1grou ndinp connections and internal mrts _
. .

. Shipboard power is ‘”
ungrounded. The grounding of power supplies and th~ gkounding oftheir connections
shall be in accordance yith MILST!3-131O. , ~~ ,, .,, ;

30.1.2 ~arking. Power supplies shall be marked in accord~ce with UL 1012, section 60.

30.1.3 Jladioactive commodities. Materikls that emit alpha and be~ particles and
,.

gamma rays may be absorbed and depcisited within the body. These particles and rays I
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act as damaging agents that injure or destroy blood-forming
Marking and labeling requirements for identification in use,

organs and other tissue.
storage and transportation

of radioactive commodities their packages and shipping containers shall be in
accordance with MILHDBK-600.

30.1.4 x-radiation and laser radiation. X-radiation tests shall be in accordance with 21
CFR 1010.2, 21 CFR 1010.3,21 CFR 1020.10, and applicable UL or other consensus
standards. Laser tests shall be in accordance with 21 CFR 1010.2,21 CFR 1010.3,21
CFR 1040, or Government test laboratory in accordance with MILATD-1425 and
SPAWARINST 5100.12. -

30.1.4.1 x-radiation. Radiation levels shall be limited to not greater than 2
milliroentgen(mR) in any one hour, and 100 mR in any 7 consecutive days at the
operator’s position or within 5 cm from the equipment (whichever is closer) in any
unrestricted area accessible to persomel. In additioq these levels shall be reduced
whenever necessary to ensure that exposed personnel never receive an absorbed dose to
the whole body or any critical organ in excess of 125 millirem per calendar quarter or
500 millirem per year. Other exposure shall be based on application criteria and limits
as required by 10 CFR ~, 29 CFR 1910.%; and 21 Cm Chapter ~ Subchapter J,
Radiological Health. Equipment which when shields, cove~ and doors are removet
will allow X-radiation to exceed 2.0 mR per hour, shall be provided with nonbypassable
interlocks. Shields which protect personnel from irradiation shall be labeled in
accordance with 21 CFR and a warning also located when the barrier or access door is
removed.

30.1.4.2 b . .
rad at m Laser equipment and system desi~ installatio~ and

operational ;d ~~tenance procedures shall be in accordance with 21 CFR 1MO.1O.
Exempt military lasers or military lasers not covered by 21 CFR 1040.10 shall use the
hazard classification of 21 CFR 1040 which indicates the level of control required to
minimbe Personnel injury potential based solely on laser accessible emission levels. The
safety des&n requirem-en~-for exempted
be in accordanm with MIMTD-1425.

lasers-and associated support equipment shall
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30.1.4.3 Color code.’human exposure to RF fields in hi_@frequencies. and RF radiation.
The safety in commercial equipment and systems shall include the following

(a) The establishment of a safety color code that will alert and inform persons to take
precautionary action in the presence of hazards shall be in accordance with ANSI 2S3.1.
(b) The prevention of harmful effec@in human beings exposed to electromagnetic fields
in the frequency range from 300 M-Izto 100 gHz shall be in accordance with ANSI
C95.1.
(c) The warning of biological detrhnent and direct and indirect cause of ignition of
explosive materials or vapors from hazardous levels of nonionizing electromagnetic
radiation shall be in accordance with ANSI C95.2.
(d) Techniques for measurement of poteritially hazardous electromagnetic radiation at
microwave frequencies shall be in accordance with ANSI C95.3.
(e) Radiation ~ymbol shall be in accordance with ANSI N2.1.

30.1.5 ~lectrom~ etic radiation hazards (RADHAZI . Persomel concerned with the ●
desi~ installatio~ and operation of electronic equipment capable of producing or being
susceptible to electromagnetic RADHAZ shall be in accordance with the @dance of
OPNAVINST 5100.19, NAVELEX O967-LP-624-6O1Oon the following aspects:

(a). Biological effe~ with precautionary safety measures.
(b). Safe distance and time of exposure levels of Radio Frequency (RF) for persomel
on ship.
(c). Fire and personnel protection criteria
(d). Methods and procedures for the prediction of electromagnetic radiatiom
(e). Susceptibility of electro-explosive devices (EEDs) and ordnance to electromagnetic
radiatiom
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10. SCOPE.

10.1-. This Appendix provides test methods for measuring “leakagecurrent. This
Appendix is a mandatoxy part of the. standard. The information contained herein is
intended for compliance.

20. APPLICABLE DOCUMENTS

This section is not applicable to this appendix

30. TEST METHODS

30.1- Currenl. Leakage current shall be measured at maximum steady state
power line voltage and frequency, for each voltage and frequency at which the
equipment is designed to operate.

WARNING

THIS TEST MAY BE HAZARDOUS DUE TO THE UNGROUNDED CONDITION
OF THE EQUIPMENT DURING THE TEST. DO NOT lTXJCH EXPOSED

METAL SURFACES WITHOUT ADEQUATE ELECllUC SHOCK PROTECTION.

THE UNITED STATES GOVERNMENT NEITHER ASSUMES NOR ACCEPTS
RESPONSIBILI’IY FOR ANY INJURY OR DAMAGE THAT MAY OCCUR

DURING OR AS A RESULT OF THIS TEST.

30.2 ~Dment test connectio 4, After power rem@ each equipment directly
connected to an external power source and units deriving power from the equipment
shall be placed on an insulated surface. All safety ground conductors between the
equipment and units deriving power from the equipment shall be intact. lle safety
ground conductor between the equipment and the source power shall be opened during
the test. OBSERVE WARNING STATEME~ . The equipment shall be comected as
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shown on Figure 7 if connected to single phase power, as shown on Figure 8 if wmected
to 3-phase power, and as shown on Figure 9 if connected to dc power.

30.3 Measure men~. Leakage current shall be measured on equipment in its-normal
operating configuration. Equipment controls in each operating mode shall be such that
maximum power will be utilized during leakage current measurements. The leakage
current shall be determined by the voltagedrop method. A True RMS Voltmeter shall
be used. The voltage measured across the 1500 ohm resistor, when equal to 7.5 vol~,
represents 5 milliamperes of leakage current. The overall measurement error shall hot
exceed 5 percent. The probe shall be used on all external conducting parts such as case,
connector housings, recessed calibration or adjustment controls, and control shafts with
knobs removed. The voltage shall be measured from each part to ground for every
combination of switch positions available in the test diagram. The only safety ground
conductor shall be recomected immediately after the test is completed. ,.,

●
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MIL-STD-2036

TERM PAciE

accelerated life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......~.~ 66>11O
accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42,75,77,84.
adhesive . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...”””.””. ““92
air filters . .. . . .. m..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O. O.. .O.””.” “ 82
altitud e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...”!.””” 50
aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...5-8.19.82. 83, ~,89,92
applicable documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,W,l~,107,1~,l14,119
ashrae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ““ 18,52
balancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
batter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,17, 27,29, 33, ~, @$,67-69
battle~hort . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23~31-33
bearings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . ..7s78
bervuh.un... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..’ . . ...19. 42,89,90 e

blo~ers .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..”” ..*82
boks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 6, ~ 74
bonding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,63,73,116
brass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,19,89
brittle . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. W.96
bronze . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19,89
bulkhead . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...74..76

cabinets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*..1W
cable . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 6,8,9, 12, 14,60,62,71,75,78,80, ~ 84
Cable entrance plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...71.75
capacitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,9, 10,53,54,69,8283,99
circuitbreakers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17,65$82
color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18,62,63,79,93, 116118
communication. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8,5% 59
compressed air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,49
compute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . ...33. 47
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INDEX

BKiE

connections . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 63, 65,75, 83, 116
comectors . . . . . . . . . . . . . . . . . . . . . . . . . 7-9, 12, 38, 47,53,62, 69,74, 75, 82-84, 107
tooting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,27,49,76,109,110
copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6-8.19. 89-91,95
COTS . . . . . . . 1,2, 23, 25-27,29,30,36-38,42, 45-47,49,53,54, 59, 97, 102, 107, 114
dcmagnetic field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,50
dc power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63,120
degree ofenclosure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .71.72.84
dials . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84-86
dielectric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,64,83
digital . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8,12,20, 21,25,28,34,35,69,70,73,107
dissimilar metals . . . .. O.. .O . . . . . .. O. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,8.8
documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14,36,37,39,40, 70, 103, 104’
dust and,sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50,51
“electromagnetic . .. . . . . . . . . . . . . 3, 10, 11, 13, 16, 18,24,40,50,53,59, 115, 116, 118
emcon . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23,32,33,59
emi . ... . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,27,35,59,61,63,66, 68,84
emp,. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,35,36,53,71,75,84
enslaving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...*. 24,33
enclosures . . . . . . . . . . . . . . . . . . . . . . . . . 6,,10,42,55,56,71,72, 74,75, 9% 93, 109

environmentals tressscreening . . ... . . . . . . . . . . . . . . . . . . . . . ● . . ● . . . . ● . . . . 16,62
esd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...* . .“ 42, 43,4%43
e~sa, . . . . . . . . . . . . . . .. . . 25,51-53,55,57,60, (M,71,72,84,92,93, 112, 117-119
faults ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23. 24.27.31.32
ferrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,7,90,92
fiber optic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8,35,54,69
fungus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,59,90
fUSeS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65,82
gasket s . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75,84,9o

125
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INDEX

XERM

gidep . . . .
glass . . . .
greenwater
ground . . .
grounding
gun muzzle
handling . .
hardware .

EKiE

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 24, 102, 105

. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 13,84

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,46,51

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25,47,53, 61-63, 65, 66, 119, 120

. . . . . . . . . . . . . . . . . . . . 9, 11, 12,39,53,61-63,66,73, 75,84, 96; 107, 116
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,51

. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35,4143,71,73,84, 104

. . . . . . . . . . . . . . . . . . . . . 3,4, 19,26,27,31,3941,54, 77,78,82, 103, 105
human engineering . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . 9, 19,41
humidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,51,110,112
hydrostatic . . . . . . . . .... . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 52
icing . . . . . . . . . . . . . . . . . . . . . ...0 . . . . . . . . . . . . . . . . . . . . . . . ...* . . . . . . . . 52
i~urnination . . . . . . . . . ...”. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85,86
in-descent . . . . . . . . . . ’. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...0.. . . . . 85
inclination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...*. . . . . . . . . . . . 54, 110
insulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19,53,64,88
interlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . ... . . 23,31,64
lamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . 82,,85
leakage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25,52,61,65, 119, 120
led . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32
Ioadshed . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..0. 32
local area neWork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...0. . . 25,33
magnetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,13,17,36,50,59
maintaimbility . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . ● *.. 2,38
maintenance . . . . . . . .. . ..9...... 31,32,37-39,42-44,61, 63,64,85,93,94, 106, 117
maneuverability .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25,33
materials . . . . . . . . . . . . . 10, 19,20,36,37,42,59,60, 62,74,77,87,89-91,93, 94,96,

106, 108-110, 116, 118
mar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15,25,34
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meters . . . . . . . . . . . . . . . ... ... . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .50.79.82
microcircuits . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10.12.81
militarized . . . . . . . 1,2,25,26, 29,30,36,37,41,42, 46,59,62,69,71,77,92, 97, 107
military . . . . . . . . . . . 2, 6, 9-11, 13, 15, 25, 29,30,37, 40,81, 82, 97, 102, 108, 114, 117
minimal acceptance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25,46-58
missile exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,52
mission critical . . . . . . . . . . . . . . . . . . . . . . . . . 1,15,25,29,31,33,36,40,46, 66,1W
motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71,78,79
mounting . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4~ 71-74, 84
mtbf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2$68
mttr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOO.O” 26,33,38
noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58,76)78
open system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...oo.c””c”.”o”””o”oo : 31
open systems . . . . . . . . . . . . . . . . . . . . . . . . . ...’.... . . . . . . . . . . .. OOOSOOOOO”26
packaging . . . . . . . . . . . . . . . . . . . . . ...”. . . . . . . . . . . . . . . . . . . . ..7.20.43. ~.lo4
paint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● . . . ...* . . . . . & 92-94,108,112, 113
painting. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...*....****..***** 92i93
parts . . . . . . . 1013, 16,21,25,27,39,42,43, 42,43, 51, 5% 60,61, 7L 77-8Z .% 105,

109, 115,.116, 120
plastic . . . ... . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V97M3 91992

pointers. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~,M
~I@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,15,17,29
Power suppiy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17,27,3263,67,68,80,99,100
pMted circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .+43970983

23, ~ 37,45,95,96processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,
receptacle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..48~ 74*83
reengineering .. o........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..OOO”” 27$39
reference . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . ..O 21,37,61, 111

,relays . . . . . . . . ..~.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67,79,82
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reliability ● . . . . . . . . . . . . . . . . . . . . . . . . . &7, 9, 10, 13,27,36-38,48,54,67, 68, 85
resistors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,82
ruggedized . . . . . . . . 1,2,25-27,29,30,37,38, 42,45-47,50,53,62,69, 71,77,92,’95,

97, 102, 107, 114
safety . . . . . . . . . . . 2,3, 10, 11, 17, 18,23,25,31, 36,-42,45,47,56, 60-66, 68, 103,104,

107, 114, 115, 116-120
safeiy ground . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61-63, 65, ”119,120
salt fog . . . . . . . . . . ... . . . ...*..* . . . . . . . . . . . . . . . . . . . . . . . . . . ...0.. 54, 113
Sbs . ..*..... . . . . . . . . . . . . . . . . . . . . . ...0 . . . . . . . . . . . . . . . . . . . 27,29,33,77
scop e...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,99, 102, 107, 108, 114, 119
seawater . . ...*.. -.”..-.,’..,... ● . . . . . . . . . . . . . ...0.... . . . . . . . . . . ..* 49, s% 113
sem . . . . . ...* . . . . . . . . . . ..*..... . . . . . . . . . . . . . . . . . . . . . . . 27,29,33,53,77 a
Ses . . . . ...’.. . . . . . . . . . ● .0...... . . . . . . . . . . . . . . . . . . . ...*. 27,29,33,72,77
sheltered . . . . . . . . . ..’...... ~ ,,, ,,,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,53,68,92
ship motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I&54
shock . . . . . . . . . ● . . . . . . . . . . . . . . . . 3,6,9,17,27, 30,3% 44,53-55,65,73,87, 119
software . ..0..... . . . . ...*. . . . . . . . . . . . . . . . . . . . . . 3,4, 13,25,26,36,39, 104
solar radiation .● . . . . . . . . . . . . . ...* . . . . . . . . . . ● *....... . . . . . . . . . . . ...0 55
solid state . . . . ...* . ...*... . . . . . . . . . ...*.... . . . . . . . . . . . . 48,67,76,87, 101
special tools . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...0. . . 39,84
spike oltage . . . . . . . . . . . . . . . . . . . . . . . . . . . ● .*...... . . . . . . . . . . . . . . . . . .: “99
Sps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,29,33,77
stuf6ng tubes .. *..*.** . . . . . ...* . . . . . . . . . ● . . ● . . . . . . . . . . . . . . . . . . & 71,75
submarine . . . . ...0. . . . . . . . . . . . . . . . . . . ● *.*, ● . . . 1~ 33,46, ~ 59, 7~ 76,78
StwivabiIity . . . . . . . . . . ..*.*... . ...*..*. ● ..*..... . . . . . 16,30,31,33,35,53
switches
Synchros
“taaf . . .
tailored

.. . . . . . . . . . . . . . . . . . . ● ✎☛✎✎✎☛✎✎ ✎ ✎ ✎ ...0.. ● . . . . . . . . . 44,61,79,82,85
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...*. 13, 69,82
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...*.. ● ✎ ✎

.14
● .*......* . . . . 1,30,31,36-38,49,50, 53, 56,6% 65,66,69,73,96 1~ 109
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temperature . . . . . . . . . . ..0..0.. . . . . . . . . . .* 3,51, 56,6% 68,87,90,
tempest . . . . . . . . . . ● . . . . . . . . . . . ...*.*.. . . . . . . . . . . . . . . . . ...* .
terminal boards . . . . . . . . . ● .*...... . . . . . . . . . . . . . . ...* . . . . . . . . .

testability . ***.*.... . . . . . . ...0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

106, 109-112
1,28,35,36
. . . . 71, 7s
..*. 13,38

testing -● .,0.0...0 .. 0., 19,20,38, 40, 4? 48,51,55,60,66,67, 73, 104-106,108-110
thermal ● . ...0.0.. . . . . ...*.. . . . . . . . . . . ● . ...*.... 13,53,6264,76, lW, 110
through bolting . ..00.... . ..*....* . . . . . . . . . . . . . . . . . . . . . ● . . ...*...** 74
* totdizing ● ..,.,.... . ..0..0... . ...0..... . . . . . . . . . . . . . . . . . . . . ..0. 7

- ● .**.**..* . *.*.,*,.* . . . . . . . . . . . ● **..***.** . 1, 11, ls, 3337,39,60
transformers ● . . . ...0.. . . . . . . . . . . ● . . . . . . . . . . . . . . . . 6,9, 11,48,61,80, ~ 87
undewater eplosion . . . . . . . . . . ● .**.*,.*. . . . . . . . . . . . . . . . . . . . . . . . . . . 56,57

unsheltered ● . *.*..*... ● ...*.,*.. ● ***....,*. . *...,.*.** . *.*......* 28
vibration ● 0.00..0.0 ● 0,......0 ● . . . . .. *O.., . . ...0.. . . . . . . 3,54,57, (i&75
warm-up . *.8***... . . . . ...***. . . . . . . . . . . . ● .*.,..**.. . . . . . . . . . . 66,107
“weight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● .** ~7s,7699, 113
w’i@ ● ********. . *...**..*. . . ...*..*** . . . . . . . . . . . . . .. . . . . . . . . . . . . 57,58

● *******.*** . *.**.*.*** . .*.***,**, . . . . . . . . . . . . ● 5*19, Q;84;

a ● ********* ● ********** . ***.,...** ● . *..***... ● *.*,.**.. t
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