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RATIONALE

The purpose of the update is to synchronize AIR6088 to the latest revision of AS50881, and to provide historical rationale
for requirement revisions in the latest revision of AS50881. This update included over 45 paragraphs that changed from
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The purpose of this document is to provide information about how each of the requirements of AS50881 can
affect performance, safety, reliability, and maintainability attributes and the potential consequences of their omission.
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1.2 Paragraph Organization

The paragraphs listed in Section 3 are the same titles used in AS50881 Revision G Section 3. Section 3 lists the individual
EWIS system, process, or performance requirements. Each requirement paragraph from AS50881 is show in green font.
Following each AS50881 green requirement paragraph (green font), when applicable, there is a “rationale” paragraph in
black font. The rationale following each requirement paragraph in this AIR provides information regarding the EWIS safety,
reliability, historical context, and performance implications.

2. APPLICABLE DOCUMENTS

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1 SAE Publications

Available from SAE Intefnational, 400 Commonwealth Drive, Warrendale, PA 15096-0004, Tel: 87[7-606-7323 (inside USA
and Canada) or +1 7244776-4970 (outside USA), www.sae.org.

AMS-STD-595 Colors Used in Government Procurement

AIR65 Thermoelectric Circuits and the Performance of Several Aircraft Engine Thefmocouples

AIR1329 EJectrical Connectors and Wiring, Compatibility(of

AIR4465 Dlesign and Handling Guide Radio Frequency Absorptive Type Wire apd Cables (Filter Line,
AIS85485)

AIR4487 Ifvestigation of Silver-Plated Conductor Corrosion (Red Plague)

AIR5558 Ultraviolet (UV) Laser Marking Performance of Aerospace Wire Constructions

AIR5575 Hot Stamp Wire Markifig:Concerns for Aerospace Vehicle Applications

AIR5919 Alternatives to Cadmium Plating

AIR6151 Tprque, Threaded Application, Electrical Connector, Accessory and Terminal Board Installation

AIR6540 Fundamentals in Wire Selection and Sizing for Aerospace Applications

AIR6820 ElectricalWiringFuel-Compatibility

AIR7506 Impact of High Voltage on Wiring

ARP1308 Electrical Connectors for Aerospace, Shipboard, Ground Vehicles and Associated Equipment

ARP1350 Procedure for Installation and Mounting of Single Hole Mount, Cylindrical, Electrical Connectors (For
Pressure Differential Applications)

ARP1870 Aerospace Systems Electrical Bonding and Grounding for Electromagnetic Compatibility and Safety

ARP1897 Clamp Selection and Installation Guide

ARP4404 Aircraft Electrical Installations
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ARP5369

ARP5614

ARP6400

ARP6807

ARP6881

ARP6903

ARP7987

ARP81490

AS567

AS3509

AS4372

AS4373

AS4461

AS4536

AS5117

AS5419

AS5768

AS5942

AS6070

AS6136

AS7351

AS7928

AS7928/14

AS7974

AS8700

Guidelines for Wire Identification Marking Using the Hot Stamp Process
Guidelines for Harness Critical Clamp Locator Marker Installation on Electrical Cable Assemblies

Recommended Practice for Processing and Handling Wire and Cable with Silver Plated Conductors
and Shields

Guide for Identification of Terminal Lugs in Electrical Wiring Interconnect Systems (EWIS)
Guidelines for the Use and Installation of Bonded Cable Harness Supports

Guide for Achieving Plating/Finishing Compatibility with Connectors and Accessories used in
Electrical Wiring Interconnect Systems (EWIS)

vetopment; Yerificatiom—and—Vatidatiomofa—Thermatviodetfor Beter ining Current Derating
lesign Limits of Aerospace Wires and Wire Bundles

(W]

Transmission Lines, Transverse Electromagnetic Mode

(0))

afety Cable, Safety Wire, Key Washers, and Cotter Pins for Rropulsion Systems, General Practices
fgr Use of

Q

able, Safety, Kit, Nickel Alloy, UNS N0O660
Performance Requirements for Wire, Electric, Insulated Copper or Copper Alloy
Test Methods for Insulated Electric Wire

ssembly and Soldering Criteria for\"\HMigh Quality/High Reliability Soldering Wire and Cable
ermination in Aerospace Vehicles

Al

T

Spfety Cable Kit Procurement Specification and Requirement for Use
Clip, Spring Retention - Electrical Cable

Clable, Thermocouple-Extension, Shielded and Unshielded

Tpol, Stripper;Electrical Insulation, General Specification For
Marking of-Electrical Insulating Materials

Aerospace Cable, High Speed Data, Copper

Conduit, Electrical, Flexible, Shielded, Aluminum Alloy for Aircraft Installations
Clamp, Loop Type Bonding
Terminals, Lug: Splices, Conductor: Crimp Style, Copper, General Specification For

Terminal, Electric, Permanent, Crimp Style, Tin-Coated Copper, Insulated, Environment Resistant,
Class 1, 150 °C, Heatless Sealing

Cable Assemblies and Attachable Plugs, External Electrical Power, Aircraft, General Specification
For

Installation and Test of Electronic Equipment in Aircraft, General Specification for
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AS10380

AS18029

AS21980

AS21981

AS21919

AS22520

AS22759

AS22759/14

AS23053

AS23053/5

AS23053/8

AS23053/11

AS23053/12

AS23053/18

AS23190

AS25274

AS25435

AS25436

AS25438

AS25439

AS27212

AS33481

AS33681

AS33731

AS39029

AS39029/112

AS50881

AS60491

Coupling Installations, Standard Conduit, Electrical

Cover Assembly, Electrical, for MS27212 Terminal Board Assembly

Ferrule, Outer, Uninsulated, Shield Terminating, Type |, Two Piece, Class I, for Shielded Cables
Ferrule, Inner, Uninsulated, Shield Terminating, Type I, Two Piece, Class |, for Shielded Cables
Clamp, Loop Type, Cushioned Support

Crimping Tools, Wire Termination, General Specification For

Wire, Electrical, Fluoropolymer-Insulated, Copper or Copper Alloy

Nfire,Etectric, Fuoropotymer=tnsutated; FEP-PVF2,tight-Weight,—Tm=Coated Copper Conductor,

V
6p0 Volt, RoHS

risulation Sleeving, Electrical, Heat Shrinkable, General Specification-For

rnsulation Sleeving, Electrical, Heat Shrinkable, Polyolefin, Fléxible, Crosslinked

nsulation Sleeving, Electrical, Heat Shrinkable, Polyvinylidene Fluoride, Semi-Rigid, Crosslinked

risulation Sleeving, Electrical, Heat-Shrinkable Fluorinated Ethylene Propyléne, Non-Crosslinked

risulation Sleeving, Electrical, Heat Shrinkable'Polytetrafluoroethylene

risulation Sleeving, Electrical, Heat Shripkable, Modified Fluoropolymer, Crosslinked

Wiring, Positioning, and Support Accessories

Q

ap, Electrical (Wire End, Critmp’Style, Type Il, Class 1), for 105 °C Total Cpnductor Temperature
Terminal-Lug, Crimp Style, Straight Type, for Aluminum Aircraft Wire, Class|1
Terminal-Lug, Crimp,Style, 90° Upright Type, for Aluminum Aircraft Wire, Class 1

Terminal-Lug; Crimp Style, Right Angle Type, for Aluminum Aircraft Wire, Class 1

(0)]

plice-Permanent Crimp Style, 2 Way Type for Aluminum Aircraft Wire, Clasgs 1

Terminal Board Assembly, Molded-in-Stud, Electric

Contact Bushing, Electric, Wire Barrel

Strap, Tiedown, Electrical Components, Identification, Adjustable, Self-Clinching, Plastic, Type II,
Class 1

Strip, Mounting, Nut Insulating, for AS27212 Terminal Board
Contacts, Electrical Connector, General Specification For
Contact Bushing, Electrical Connector Contact, Wire Barrel
Wiring Aerospace Vehicle

Sleeve, Protection, for Cable and Harness Protection
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AS70991

AS81044

AS81714

AS81714/11

AS81714/12

AS81714/21

AS81714/23

AS81714/27

AS81714/28

AS81714/63

AS81790

AS81824

AS81824/1

AS81824/6

AS81824/12

AS81824/13

AS81824/14

AS81914

AS81969

AS83519

AS83519/2

Terminals: Lug and Splice, Crimp Style, Aluminum, for Aluminum Aircraft Wire

Wire, Electrical, Crosslinked Polyalkene, Crosslinked Alkane-Imide Polymer, or Polyarylene
Insulated, Copper or Copper Alloy

Terminal Junction System (TJS), Environment Resistant, General Specification For

Terminal Junction System, Terminal Junction Blocks, Sectional, Wire In-Line Junctions, Single,
Series |

Terminal Junction System, Terminal Junction Blocks, Sectional, Wire In-Line Junctions, Double,
Series |

Terminal Junction System, Terminal Junction Blocks, Sectional, Electronic In-Line Junctions, Diode,

[« H 1
VTICO 1

Terminal Junction System, Terminal Junction Blocks, Electronic, In-Line Junctions, Integral Fuse,
Skries |
T
M

erminal Junction System, Terminal Junction Blocks, Sectional, Grounding Modules, Stud Type
ounting, Series |

Terminal Junction System, Terminal Junction Bloeks,”Sectional, Grounfling Modules, Integral,
Bracket Mounting, Series |

Terminal Junction System, Terminal Junction“Blocks, Sectional, Groundjng Modules, Stud and
Flange Type Mounting, Series Il

onnectors, Receptacle, External Electric’Power, Aircraft, General Specification for
plices, Electric, Permanent, Crimp*Style, Copper, Insulated, Environment Resistant

plice, In-Line, Electric, Cfimp, SN/CU, Environmental, Heat-Shrinkable Bleeve (150 °C), 1 x 1
ealant Opening

plice, Electric,-Permanent, Crimp Style, Tin-Coated Copper, Insulated, [Environment Resistant,
lass 1, 150 C, Heatless Sealing

plice,"Stub, Electrical, Permanent, Crimp Style, Nickel/Copper, Insulated,|Environment Resistant,

C

S

S

S

Splice, Electric, Permanent, Crimp, Nickel Plated Insulated Wires, Environmental Class 1, 175 °C
S

C

S

175:2C Max

Splice, Electric, Permanent, Crimp Style, Nickel-Coated Copper, Insulated, Environment Resistant,
Class 1, 175 °C, Heatless Sealing

Tubing, Plastic, Flexible, Convoluted, Conduit, General Specification for
Installing and Removal Tools, Connector Electrical Contact, General Specification for

Shield Termination, Solder Style, Insulated, Heat-Shrinkable, Environment Resistant General
Specification for

Shield Termination, Solder Style, Insulated, Heat-Shrinkable, Environment Resistant With Pre
Installed Leads for Cables Having Tin or Silver Plated Shields (Class )
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AS83519/3 Shield Termination, Solder Style, Insulated, Heat-Shrinkable, Environment Resistant With
Preinstalled Braid, Class 1, Non-RoHS

AS83519/5 Shield Termination, Solder Style, Insulated, Heat-Shrinkable, Environment Resistant With
Preinstalled Braid, Ni Plated, Class 1, RoHS

AS85049 Connector Accessories, Electrical, General Specification For

AS85049/80 Connector Accessories, Electrical, Dummy Contact, Sizes 16, 12, and 8, Category 7 (for
MIL-DTL-38999 Connectors)

AS85049/81 Connector Accessories, Electrical, Seal Plug, Size 10, Category 7 (for MIL-DTL-38999 Connectors)

AS85049/82 Connector Accessories, Electrical, Backshell, Straight, Self-Locking, Shield Band Termination
(I F:/EN”), Shrink—Steeve Accommodation; Catcy\ny 3B (f\n AS56454 Crlmp, MIL-DTL-26482
Skries 2, AS81703 Series 3 and MIL-DTL-83723 Series Il Connectors)

AS85049/83 Connector Accessories, Electrical, Backshell, 45°, Self Locking, Shield,Band Termination, (RFI/EMI),
Shrink Sleeve Accommodation, Category 3B (for AS50151 Crimp, ASP5234, MIL-DTL-26482
Series 2, AS81703 Series 3 and MIL-DTL-83723 Series Il Connectors)

AS85049/84 Connector Accessories, Electrical, Backshell, 90°, Self-Lecking, Shield Band Termination (RFI/EMI),
Shrink Sleeve Accommodation, Category 3B (for AS50151 Crimp, ASP5234, MIL-DTL-26482
Series 2, AS81703 Series 3, and MIL-DTL-83723 Séries 11l Connectors)

AS85049/85 Connector Accessories, Electrical, Backshgll{Z;Straight, Self-Locking, Shield Band Termination
(RFI/EMI), Shrink Boot Accommodation, Catégory 3B (for MIL-DTL-38999 Series | and Il Connectors)

AS85049/86 Connector Accessories, Electrical, Backshell, 45°, Self-Locking, Shield Band| Termination, (RFI/EMI),
Shrink Sleeve Accommodation, Category 3B (for MIL-DTL-38999 Series | anpd Il Connectors)

AS85049/87 Connector Accessories, Electrical, Backshell, 90°, Self-Locking, Shield Band Termination (RFI/EMI),
Shrink Sleeve Accommodation; Category 3B (for MIL-DTL-38999 Series | and || Connectors)

AS85049/88 Connector Accessorigs; Electrical, Backshell, Straight, Self-Locking, Shield Band Termination
(RFI/EMI), Shrink -Boot Accommodation, Category 3B (for MIL-DTL-38999 Series Il and IV
Connectors)

AS85049/89 Connector Accessories, Electrical, Backshell, 45°, Self-Locking, Shield Band Termination (RFI/EMI),
Shrink Sleeve Accommodation, Category 3B (for MIL-DTL-38999 Series Il and IV Connectors)

AS85049/90 ConnectorAccessorles Electrlcal Backshell, 90°, Self-Locking, Sh|eld Band Termination, (RFI/EMI),

. = and IV Connectors)

AS85049/91 Connector Accessories, Composite, Electrical, Strain Relief, Straight, Self-Locking, Category 4C (for
MIL-DTL-38999 Series Il and IV Connectors)

AS85049/92 Connector Accessories, Composite, Electrical, Strain Relief, 90°, Self-Locking, Category 4C (for
MIL-DTI-38999 Series lll and IV Connectors)

AS85049/93 Connector Accessories, Electrical, Termination, Shield Split Support Ring, Composite,
Nonenvironmental, Straight, Category 7

AS85049/103 Connectors, Accessories, Composite, RFI/EMI, Electrical, Strain Relief, Straight, Self-Locking,

Category 3C (for MIL-DTL-38999 Series Ill and IV Connectors)
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AS85049/104 Connectors, Accessories, Composite, RFI/EMI, Electrical, Strain Relief, 45°, Self-Locking,
Category 3C (for MIL-DTL-38999 Series Ill and IV Connectors)

AS85049/105 Connectors, Accessories, Composite, RFI/EMI, Electrical, Strain Relief, 90°, Self-Locking,
Category 3C (for MIL-DTL-38999 Series Il and IV Connectors)

AS85049/128 Shield Band, Connector Accessories, Electrical Backshell, Category 7(for AS85049/82 -/90, /93,
/109 - /117 Accessories)

AS85049/138 Connector Accessories, Electrical, Cap, Dust, Plastic, Category 9

AS85848 Sleeving, for Identification Marking, Heat Shrinkable, General Specification for

AS85485 Cable, Electric, Filter Line, Radio Frequency Absorptive

AS85485/8 Cable, Electric, Filter Line, Shielded, Jacketed, Radio Frequency Absorptive, 150 °C, 600-Volt

AS85485/12 Cable, Electric, Filter Line, Small Diameter Wire, Shielded, Jacketed,’Radio Frequency Absorptive,
150 °C, 600-Volt

AS90387 Wiring Installation Tools for Plastic and Metal Tiedown Straps

2.2 U.S. Government
Copies of these documg

2.2.1 Specifications, {

Publications

nts are available online at https://quicksearch.dla:mil.

Btandards, and Handbooks

Unless otherwise specified, the following specifications, standards, and handbooks of the issue |

Acquisition Streaming 3
specification to the exte
2.21.1  Specificationd

22111  Military

ht specified herein.

sted in that issue of the

nd Standardization Information System (ASSIST) specified in the solicitation form a part of this

MIL-A-46146

MIL-DTL-17

MIL-DTL-3607

MIL-DTL-3650

MIL-DTL-3655

MIL-DTL-5541

MIL-DTL-5846

MIL-DTL-24308

MIL-DTL-25038

MIL-DTL-25516

Adhesives-Sealants; Silicone, RTV, Noncorrosive (for Use with Sensitive Métals and Equipment)
Cables, Radio*Frequency, Flexible and Semirigid, General Specification for

Connector, Coaxial, Radio Frequency, Series

4 o O T o W O Q ael (e
C NMTICLOTS, ULUAAIAL, IaUlU T'TCUUCTTIVY, OTITICS LU

Connector, Plug and Receptacle, Electrical (Coaxial, Series Twin), and Associated Fittings, General
Specification for

Chemical Conversion Coatings on Aluminum and Aluminum Alloys
Chromel and Alumel Thermocouple Electrical Wire

Connectors, Electrical, Rectangular, Nonenvironmental, Miniature, Polarized Shell, Rack and Panel,
General Specification for

Wire, Electrical, High Temperature and Fire Resistant, and Flight Critical, General Specification for

Connectors, Electrical, Miniature, Coaxial, Environment-resistant Type, General Specification for
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MIL-DTL-32546

MIL-DTL-32554
MIL-DTL-32610
MIL-DTL-32633
MIL-DTL-81381

MIL-DTL-83413/8

MIL-DTL-83517

MIL-1-631
MIL-I-3190
MIL-M-24041
MIL-PRF-8516
MIL-PRF-23586
MIL-PRF-29504
MIL-PRF-39012
MIL-PRF-46846
MIL-PRF-49142

MIL-PRF-55339

MIL-T-81490
2212
221.21 Military
MIL-STD-196

MIL-STD-464

MIL-STD-681
MIL-STD-704
MIL-STD-889

MIL-STD-1353

Standards

Connectors, Electrical, Circular, for High-Speed Data Bus Transmission, Copper Conductor, General
Specification for

Straps, Tie-Downs, Adjustable, Non-Metallic, Cable Bundling, General Specification for
Stripper, Multi-Conductor Electrical Cable, Hand-Operated, General Specification for
Connectors, Filter, Electromagnetic Interference (EMI), General Specification for

Wire, Electric, Polyimide-Insulated, Copper or Copper Alloy

Connectors and Assemblies, Electrical, Aircraft Grounding: Type IV Jumper Cable Assembly, Lead,
Electrical

ConnectorCoaxiat, Radio Flcqucllby for-Coaxiat; Stlip Of Miuuatlip Fransmission Line, General
Specification for

risulation, Electrical, Synthetic-Resin Composition, Nonrigid

risulation Sleeving, Electrical, Flexible, Coated, General Specification for
olding and Potting Compound, Chemically Cured Polyuréthane

paling Compound, Polysulfide Rubber, Electric Connectors and Electric Sygtems, Chemically Cured
paling Compound, Electrical, Silicone RubberiAccelerator Required
ermini, Fiber Optic Connector, Removable, General Specification for
onnectors, Coaxial, Radio Frequengy, General Specification for
ubber, Synthetic, Heat-Shrinkable

onnector, Plug and Regeptacle, Electrical, Triaxial, Radio Frequency, Gengral Specification for

dapter, Connector,~Coaxial, Radio Frequency, (Between Series and
pecification for

\Vithin Series), General

=4 w> O X QO H4 w o <

ransmission)Lines, Transverse Electromagnetic Mode

Joint Electronics Type Designation System

Department of Defense Interface Standard for Electromagnetic Environmental Effects Requirements
for Systems

Identification Coding and Application of Hookup and Lead Wire
Aircraft Electric Power Characteristics
Dissimilar Metals

Department of Defense Standard Practice Electrical Connectors, Plug-in Sockets, and Associated
Hardware
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MIL-STD-1678 Fiber Optics Cabling System Requirements and Measurements
(Part 1: Design, Installation and Maintenance Requirements)
(Part 2: Optical Measurements)
(Part 3: Physical, Mechanical, Environmental and Material Measurements)
(Part 4: Test Samples Configuration and Fabrication Requirements)

(Part 5: Design Phase and Legacy Measurement)

MIL-STD-1553 Digital Time Division Command/Response, Multiplex Data Bus

MIL-STD-7080 Efectric Equipment; Aircraft,Setectiomand-nstattationrof

MIL-STD-7179 Fnishes, Coatings, and Sealings for the Protection of Aerospace (Weapons Systems, General
Specification for

MS3471 Connectors, Receptable, Electrical, Series 2, Crimp Type, Gable Connecling, Bayonet Coupling,
Classes A,D,L, T, Wand K

MS21919 Clamp, Loop Type, Cushioned, Support

MS27488 PJug, End Seal, Electrical Connector

MS90387 Tpol, Hand, Adjustable for Plastic and Metal Tiedown Straps (S/S by SAE-AS90387)

NAVMAT P-4855-2 Dlesign Guidelines for Prevention & Control of Avionic Corrosion
2.2.1.3 Handbooks

22131 Military

MIL-HDBK-502 Product Support Analysis

MIL-HDBK-516 Ajrworthiness Cettification Criteria

MIL-HDBK-522 Quidelines(for Inspection of Aircraft Electrical Wiring Interconnect Systems
MIL-HDBK-525 EJectrical’'Wiring Interconnect System (EWIS) Integrity Program

MIL-HDBK-534 Aircraft Fuet-SystenTService tife Extension

MIL-HDBK-863 Wiring Data and System Schematic Diagrams, Preparation of
MIL-HDBK-1646 Selection of Electrical Contacts, Connectors and Associated Servicing Tools
2.21.4  Technical Manuals

Documents can be obtained at the NATEC technical data website, https://mynatec.navair.navy.mil/natechome.htm. The link
provided is intended for persons with approved access.

NAVAIR 01-1A-505-1, T.O. 1-1A-14, and ARMY TM 1-1500-323-24-1: Installation and Repair Practices Volume | Aircraft
Electric and Electronic Wiring

NAVAIR 01-1A-505-2, T.O. 1-1A-14-2, and TM 1-1500-323-24-2: Installation and Repair Practices Volume Il Aircraft
Circular Electrical Connectors and Accessories
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NAVAIR 01-1A-505-3, T.O. 1-1A-14-3, and TM 1-1500-323-24-3: Installation and Repair Practices Volume IlI Aircraft
Rectangular Electrical Connectors and Accessories

NAVAIR 01-1A-505-4, T.O. 1-1A-14-4, and TM 1-1500-323-24-4: Installation and Repair Practices Volume IV Aircraft Fiber

Optic Cabling
2215
A-A-52080
A-A-52081

A-A-52082

Commercial Item Descriptions (CID)

Tape, Lacing and Tying, Nylon (Type 1), -67 °F (-55 °C) to 250 °F (121 °C)

Tape, Lacing and Tying, Polyester (Type 1), -100 °F (-73 °C) to 280 °F (138 °C)

Tape, Lacing and Tying, TFE-Fluorocarbon (Type l1lI), -100 °F (-73 °C) to 450 °F (232 °C)

A-A-52083 T

A-A-52084 T

A-A-59163

f

A-A-59178

Z

A-A-59125

A-A-59474

N

A-A-59877

I
2.3 Non-Government

The following document
of the documents which

Unless otherwise specif
solicitation.

2.31

Available from Aerosp
Tel: 703-358-1000, wwy

AlA Publication$

ape;tacingand-Fying, Stass(TFype V)=
bpe, Lacing and Tying, Aramid (Nomex), (Type V), -100 °F (-73 °C).t0°500
sulation Tape, Electrical, Self Adhering Unsupported Silicone Rubber
ipple, Electrical Terminal

erminal Boards, Molded, Barrier Screw and Stud Types+and Associated Ag
sulation Tape, Electrical, High Temperature, Polytetrafluoroethylene, Pres
sulating Compound, Electrical, Embedding

Publications

5 form a part of this document to the extent specified herein. Unless otherw
are DoD adopted are those listed in the issue of the ASSIST cited in the s

ed, the issues of documents not listed in the ASSIST are the issues of the

p

hce Industries Association, 1000 Wilson Boulevard, Suite 1700, Arlin
.aia-aerospace.org.

NAS831 g

ap-Protective Electrical Connector

)
°F (260 °C)

cessories

sure-sensitive

ise specified, the issues
Dlicitation.

2 documents cited in the

gton, VA 22209-3928,

NAS837 P
NASM3036
NASM20995
NASM21266
NASM22529
NASM22529/1
NASM22529/2

NASM25440

lug - Protective Electrical Connector

Grommet, Rubber Hot-oil and Coolant Resistant
Wire, Safety or Lock

Grommet, Plastic, Edging

Grommet, Edging

Grommet, Composite, Edging

Grommet, Cushion Composite Edging

Washer, for Use with Aircraft Aluminum Terminals


http://www.aia-aerospace.org/
https://saenorm.com/api/?name=123e120d2bff4ce21aa839670e8f3021
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NASM33540

Safety Wiring and Cotter Pinning, General Practice for

2.3.2 ASME Publications

Available from ASME, P.O. Box 2900, 22 Law Drive, Fairfield, NJ 07007-2900, Tel: 800-843-2763 (U.S./Canada),
001-800-843-2763 (Mexico), 973-882-1170 (outside North America), www.asme.org.

ASME Y14.100 E
ASME Y14.24

ASME Y14.34M

ngineering Drawing Practices

Types and Applications of Engineering Drawings

Associated Lists

2.3.3 ASTM Publications

Available from ASTM
Tel: 610-832-9585, wwy

ASTM D3032 S
2.3.4 ECIA Publicatio

Available from Electrorn
Tel: 571-323-0294, wwy|

nternational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohc
.astm.org.

tandard Test Methods for Hookup Wire Insulation
hs

ic Components Industry Association, 2214 Rock<{Hill' Road, Suite 264
.ecianow.org.

EIA/ECA-364-26 S
2.3.5 FAA Publicatior]

Available from Feder
Tel: 866-835-5322, wwy,

AC 25.1701-1 g
AC 25.981-1D F
AC 43.13-1B A
2.3.6 IEEE Publicatio

Available from IEEE Q
www.ieee.org.

plt Spray Test Procedure for Electrical Conngegtors, Contacts and Sockets
s
al Aviation Administration, 800y Independence Avenue, SW, W3

faa.gov.

ertification of Electrical Witing Interconnection Systems on Transport Cate

Liel Tank Ignition Source Prevention Guidelines

NS

perations Center, 445 and 501 Hoes Lane, Piscataway, NJ 08854-41

cken, PA 19428-2959,

, Herndon, VA 20170,

shington, DC 20591,

gory Airplanes

cceptable Methods, Techniques, and Practices - Aircraft Inspection and Repair

41, Tel: 732-981-0060,

IEEE Std. 315-1975 Graphic Symbols for Electrical and Electronics Diagrams (Including Reference Designation Letters)

2.3.7

RTCA Publications

Available from RTCA, Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833-9339, www.rtca.org.

RTCA DO-160 E

nvironmental Conditions and Test Procedures for Airborne Equipment


http://www.asme.org/
http://www.astm.org/
http://www.ecianow.org/
http://www.faa.gov/
http://www.ieee.org/
http://www.rtca.org/
https://saenorm.com/api/?name=123e120d2bff4ce21aa839670e8f3021
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3. REQUIREMENTS
3.1 Terminology Interpretation

The term “wiring” wherever used throughout this specification shall be interpreted in accordance with 2.3.26.

Rationale: The term “wiring” is interpreted per the callout from the green text font from AS50881 (H) in 2.3.26 which states:
“Wires, electrical/optical cables, groups, harnesses and bundles, and their terminations, associated hardware, and support,
installed in the vehicle. When used as a verb it is the act of fabricating and installing these items in the vehicle.”

3.1.1  Deviations

Deviations from this specification desired by the contractor (substitution of equipment, material, or installation) shall be
specifically brought to the attention of the procuring activity by letter concurrent with or prior to forwarding the design data

for approval. All request
3.2 Conflicting Requi

In case of discrepancieq
or detail specification sh

Rationale: The intent is
(OEM) has unique desi
the air vehicle type o
vehicle-unique configur
procurement and/or airy
3.3  Selection of Parts
Parts and materials cov
purpose. Standard parts
that has been issued by
must be equivalent to

applicable specification
materials selected from
aerospace vehicles. Ea
used where a suitable {
data package, and the i

Rationale: To provide d
qualification standard. T]
and responsibilities in p

£, 2l HY ball . Lol ££: o0 4+ H H H 3 F'H 4 baot F'H
TUT UCTVIAUUINTO olidil TTTeiuus ouTtimtuIcTit Ol Iyll eooern Iy mmmourmmmaturt tu ouvoldadlil
ements

between this specification and the type or detail specification foi\a particy
all prevail.

ate the deviations.

Jar vehicle part, the type

for AS50881 to be tailored for specific applications since every original

ations. Any exceptions or deviations should«bé documented and ra
orthiness certification authority.

and Materials

bred by documents listed herein areystandard and shall be used whenever
and materials shall have qualificatton inspection and be procured from quz
the qualifying activity as required by the applicable specification. Nonstan
br better than similar stadard parts and materials. When this specifica
or standard, the confractor shall use other established specifications
other than this specifieation are not standard, and approval must be obta
h vendor source ford nonstandard part or material requires approval. Wh
tandard part exists; the contractor shall reference the standard part on th
hstallation shatiprovide for replacement with the standard part.

o clearly define the requirement for use of standard/qualified parts and to ¢
bri-selection. Note that MIL-DTL-32610 provides a good part selection prog

quipment manufacturer

jn and manufacturing practices. This requirement allows exceptions from[ AS50881 as defined in
r detail specification for particular reasons such.as improved materigls and components or

ionale provided to the

they are suitable for the
lified products list (QPL)
ard parts and materials
tion fails to provide an
r standards. Parts and
ned prior to their use in
bn a nonstandard part is
e drawing, parts lists, or

ualification“requirement application and to ensure standard and qualified terms align with SD-6

utline the contactor role
ess; however, for EWIS

components, performan

3.3.1

e<erification ’rpqting is rpquirpd

Requests for Approval of Nonstandard Parts

The data to be submitted with the request for approval of nonstandard parts shall be in accordance with the terms of the
contract. For wire and cable applications, use AS4372 data configuration.

3.3.2 Commercial Utility Parts

Commercial utility parts, such as screws, bolts, nuts, cotter pins, etc., may be used, provided they have suitable properties
and are replaceable by standard parts without alteration.
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3.3.3 Contractor’s Specifications

Wiring and wiring devices conforming to contractor’s specifications may be used, provided each contractor’s specification
is approved by the procuring activity and provided no military specification exists. The contractor shall provide substantiating
test data and, when required by the procuring activity, shall provide samples for test. The use of contractor’s specifications
shall not constitute waiver of procuring activity inspections. Contractor’s specifications shall follow the format for military
specifications. When a detail or general military specification exists for the class of material required, the contractor’s
specification shall reference the existing military specification and set forth only the needed new requirements and
deviations.

Rationale: To provide qualification requirement application and outline the contactor role and responsibilities in part
selection. If a nonstandard or commercial part is to be employed, the contractor’s role is defined. The goal is to provide the
procuring activity with the requisite components and/or information to make a prudent engineering decision based on data,
tests, and/or contractor’s specifications.

3.3.4 Commonality

wiring components and
iring system.

tion of parts shall be to maximize commonality and minimize the yatiety of
bquired in the construction, installation, and maintenance of the‘glectrical W

An objective in the seleq
related servicing tools r¢

3.3.5 Government-Furnished Aircraft Equipment (GFAE)

Wiring and wiring devices furnished by the government shall be installed witfjowt modification unlgss otherwise authorized
or directed by the procufing activity.

3.3.6  Modification

The contractor shall no
unless authorized or dir

Modified parts shall havg

Rationale: Part selectio
operations in severe en
parts enhances logistic
makes it nonstandard a
had connection pigtails

3.4 Service Life

Wiring and associated
maintenance and high r

alter, rework, or modify wiring or wiringtdevices built to and meeting go
pcted by the procuring activity, and sust’modification shall be subject to gag

b the government identifying part ntmber removed and shall be identified by
 can be critical for survival of aircraft and occupants for the expected air
vironment and field level maintenance affect component life. Using stand

support, safety, andsreliability and supports improved mission availabilit

hat were modified-by the OEM without the design authority to make such

compehents used for the wiring installation shall be selected and insta
bliability over the entire expected service life of the vehicle. The reliability

ernment specifications,
vernment inspection.

contractor part number.
craft service life. Aircraft

ardized aircraft-qualified
. Modification of a part

nd should be approved by the procurement authority. As an example, som¢ equipment boxes have

thanges.

led to promote ease of
nd maintainability goals

for the wiring system s

all-he determined in the smqnici‘rinn Ingie’rire as delineated in MIL-HDBK-H

service life. These goals shall be subject to procuring activity approval.

02, as will the expected

Rationale: An aircraft’s wiring system incorporates many thousands of components and material types, all of which need to
function as intended for an extended period in a variety of operational and maintenance environments. Aircraft wiring may
be installed in areas not readily accessible for maintenance inspection or replacement. The burden of diagnosing and
implementing corrective repairs for an excessive number of failures can be overwhelming to maintenance personnel.
Premature or undiagnosed failure modes can risk the safety of occupants and performance of assigned missions. If it is not
possible for components to meet the designated service life of the aircraft, a list of life-limited parts should be created and
maintained as part of the instructions for continued airworthiness (ICAs). For a more detailed discussion on service life,
consult MIL-HDBK-525.
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3.5 Smoke and Fire Hazard

The wiring and wiring devices shall be selected and installed in such a manner as to minimize the danger of smoke and fire
hazards. Adequate protective means, both physical and electrical, shall be employed to provide reliability and safety
commensurate with this requirement. Unless otherwise specified, all wire and cable shall meet the flammability requirements
of AS4372.

Rationale: Aircraft electrical systems can experience overload, short circuit failures, or combat damage leading to smoke or
fire which can cause injury to crew members or loss of pilot vision. For critical circuits that can directly affect safety of flight,
consideration should be given to wire types specified in AS50881 Appendix A as being suitable for use in circuits where
electrical integrity is required for a limited time in fire conditions. Physical protective means, such as secondary harness
protection and/or physical separation, are potential solutions to meet this requirement. A safety and probability analysis
should be developed to fully assess the impact of a failure and the mitigation strategy. Thermal or solid-state circuit breakers
are potential devices that could minimize the possibility of smoke/fire.

3.6 Materials

Materials used in the ins
specifications as are sp

Rationale: Aircraft must
can lead to premature 4
were freely allowed, thd
program had progresse
for the program.

3.6.1 Metals

Metals used in the instd
electrolytic action during

Rationale: Corrosion of
for disconnection or fun
has occurred. There is
protection from corrosio
galvanically coupled ma

tallation of wiring and equipment shall be suitable for the purpose@nd conf]
peifically applicable under the contract.

be able to operate in extreme environments for extended (periods. Use o

overall safety and reliability of a new aircraft mode) might not be able t
d beyond the point where corrections could be made*within the time and

llation of wiring shall be corrosion resistant or shall be suitably protected
normal service life. Finish and coatjng shall be in accordance with MIL-ST

viring system components can interrupt circuit continuity or cause compon
ctional testing. Such deterioration may not be detectable during inspection
a basic incompatibility between maintaining conductive surfaces and co
h is typically accomplished by passivating surfaces and interrupting electro
terials. Metals selected for the designed application should be inherently

brm to such government

f nonstandard materials

ystem failures and issues with traceability and/or majntainability. If contractor-specified materials

0 be assessed until the
cost constraints allowed

to resist corrosion and
D-7179.

ents to be unserviceable
or until a system failure
rosion resistance since
h transport between two
resistant to corrosion or

made corrosion resistarft by coating and/erplating.

3.6.1.1 Dissimilar Me}als
Dissimilar metals used {

selection and protection

bhall éenform to the requirements of MIL-STD-889. This standard establishes requirements for the
of-diSsimilar metal combinations and other significant corrosion behavior factors.

Rationale: Increased circuit resistance can result from corrosion of conductive materials. Dissimilar metals protection avoids
system failures, lightning protection loss, and corrosion damage. Application of protective sealants after final assembly may
extend corrosion protection but will typically make unit maintenance more time consuming. Dissimilar metals need to be
suitably protected against the various forms of corrosion, which include galvanic, surface oxidation, hydrogen embrittlement,
intergranular and stress corrosion, and crevice corrosion. For more detail, consult NAVMAT P 4855-2.

3.6.2 Nonmetals

Nonmetals used, including plastics, fabrics, and protective finishes, shall be moisture and flame resistant, shall not support
fungus growth, shall not support combustion, and shall not be adversely affected by weathering, applicable fluids, and
propellants, temperature, and ambient conditions encountered during operation of the vehicle. Materials that give off a
minimum amount of noxious gases shall be selected. Nonmetals may be treated to conform to this requirement. PVC
Insulating materials shall not be used unless no other materials suitable for the application are available.
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3.6.2.1 Insulating Materials

Insulating materials shall have an arc resistance capability which will meet the circuit requirements
3.6.2.1.1 PVC Usage

PVC material shall not be used in U.S. Department of Defense contracts for aerospace application
3.6.2.1.2 MIL-DTL-81381 Usage

MIL-DTL-81381 shall not be used in U.S. Department of Defense contracts for aerospace applicati

Rationale: Failure or degradation of nonmetallic materials can lead to loss of insulation properties

S.

ons.

or fractures resulting in

short circuits or extensive corrosion. Deterioration of nonmetals can also result in unanticipated movement of live circuit

components causing el -
or repairs can contain materials not designed for aerospace applications (such as PVC) which ean

materials or not meet flammability requirements. There have also been instances where an OEM or
used a commercial off-the-shelf (COTS) item without verifying its suitability for aerospace-use. It is
EWIS designer and/or ¢ertification authority to ensure only aerospace-grade materials.are used;
materials are evaluated|for potential issues and a risk and mitigation strategy is in place. The M
was implemented to prgvent employment of wire using polyimide in that configuration. Current w
arc track testing and passing of all wire constructions containing polyimide insulation. AS4373 citeg
method 508 and 509. The arc track testing is extended to all materials which’may exhibit the chars

3.6.3 Sealing Materia|s
Only materials that are
and terminations shall
approved by the procuiling activity. MIL-PRF-8516 is the preféfred material. The following temp

upper limit includes ambient plus temperature rise):

blastomeric and reversion resistant shall be\ilsed. Sealing materials requir,

MIL-PRF-8516 -51|to 93 °C (-60 to 200 °F)
MIL-PRF-23586  -65|to 232 °C (-85 to 450 SF)
MIL-A-46146 -62[to 200 °C (-80 t0,382)°F)

Rationale: Elastic mater|
Many commercial non-
Reversion causes chem

als can proyide‘the necessary sealing against entry of accumulated conde
aerospace=grade sealants can outgas acidic acid and revert in hot an
ical changes to sealants degrading properties and, in the worst case, lique

3.6.3.1 Process

temporary modifications
butgas toxic or corrosive
maintenance group has
the responsibility of the
when not the case, the
L-DTL-81381 restriction
re constructions require
the dry and wet arc test
cteristic.

bd to seal wire junctions

be selected from MIL-PRF-8516, MIL-RRF-23586, MIL-A-46146, or otlher material specifically

brature limits apply (the

nsation and other fluids.
d humid environments.

fy.

Sealing materials shall be applied in strict conformance with the manufacturer’s instructions. Over-aged material shall not

be used. The sealing material shall be held in place by suitable forms during the curing process.

Rationale: All sealants are application-process sensitive and might not perform as intended if not properly applied. Use of
materials that have exceeded their storage life, have been improperly stored, or not applied per manufacturer instructions

may not seal properly. Unconstrained movement of components prior to complete curing of sealin
to compromise environmental protection.

g materials is also likely
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3.6.4 Epoxy Adhesives

Only epoxy adhesives that can withstand sustained use without degradation of mechanical and adhesive properties at the
maximum ambient temperatures shall be used for the bonding of fiber optic cables to termini. The time and temperature
used for curing of epoxy adhesive used in fiber optic terminations shall be controlled so that a consistent bond is provided
under all service conditions. Only epoxies which have inherent resistance to aircraft fluids including, but not limited to, fuel,
lubricating oils, and cleaners shall be used. For wiring system applications requiring resistance to petroleum-based fluids,
see 3.14.9.

Rationale: Epoxy adhesives have shown superior qualities for performance and longevity in aircraft service conditions.
Some epoxies, when subjected to extreme heat, exceed their glass transition temperature (temperature at which the
material softens and properties are changed), resulting in loss of adhesion. Curing at stepped temperature levels for specific
periods may be required to elevate the glass transition temperature to the necessary level. Verification of cured epoxy
properties may not be possible without destructive testing.

on, such as cleaning, is critical for good epoxy adhesion. Without proper snljrface preparation, good
be possible and adhesion failure is possible.

Proper surface preparat|
epoxy adhesion will not
3.7

Component Seleqtion and Installation

Components and wiring
this specification; in ad
servicing environments

component specificatior].

Rationale: The procurin
the operational conditio

The maintenance condifions should be specified in order for the contractor's component selection 4§

meet requirements.

3.7.1  Maintenance C
The maintainability of
electrical/optical cable
replaceable at the mdg
maintenance are specifi

Rationale: The procurin
it shall be subjected to f]
requirements. Unit main
compromise air vehicle
disassembly is mandatqg

devices shall be selected for their application and installed () ‘accordance
dition, selection and installation consideration shall pe{made relative tq
to ensure that they are not subjected to conditionggxceeding the limits

j activity must specify the condition limits the véhicle will experience. The G
s and whether the vehicle will be subjected to field maintenance under le

nsiderations

the wiring system shall Béya prime consideration in the design and
assemblies, and wiring system components. All wiring shall be acce
intenance level spegliled by the procuring activity. Other specific rg
d in the approprjate paragraph on the subject.

eld maintenance under primitive conditions in order for the contractor’s in
fenance under primitive conditions, poor lighting, or by inadequately trained
safety’ and reliability unless allowed for during initial design. Access to

ry-at’any maintenance level in order to facilitate operations.

with the requirements of
vehicle operation and
in the applicable wiring

onditions should specify
5s-than-ideal conditions.
nd installation design to

selection of harnesses,
ssible, repairable, and
quirements concerning

) activity needs-to specify the limits of conditions that the vehicle will be maintained in and whether

stallation design to meet
personnel can seriously
wiring without structural

3.8  Wiring Selection

Wiring shall be of a type suitable for the application. Wire shall be selected so that the rated maximum conductor temperature
is not exceeded for any combination of electrical loading, ambient temperature, and heating effects of bundles, conduit, and
other enclosures. Typical factors to be considered in the selection are voltage, arcing, arc propagation, current, ambient
temperature, mechanical strength, abrasion, flexure and pressure altitude requirements, and extreme environments such
as Severe Wind and Moisture Problems (SWAMP) areas or locations susceptible to significant fluid concentrations. The
wire shall be selected in accordance with Appendix A of this specification. Table A1 lists approved wire types for open wiring
applications, which have normal, or medium weight insulation. Table A2 lists approved wire types for protected wiring
applications, which have thin wall or lightweight insulation. The wire selection shall take into account all requirements of this
specification and the following design considerations. For additional information concerning wire selection and sizing, refer
to AIR6540.
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Rationale: Wiring types specified in AS50881 Appendix A are qualified to provide lower failure rates on wiring system
materials and components and support environmental sealing at connectors. These wiring types avoid conductor and
insulation failures on critical flight control, armament, systems, etc., and facilitate service in more extreme operational and
maintenance environments. Critical systems should be analyzed and designed so that long-term wire material failure modes,
of a type that may be undetectable during initial qualification tests, cannot endanger aircraft crew members or maintenance
personnel.

3.8.1  Conductor Degradation

Degradation of tin-, nickel-, and silver-plated copper conductors will occur when exposed to continuous operation at
temperatures beyond their continuous rating. These effects shall be taken into account in the selection and application of

wiring.

Rationale: Degradation in the form of inter-strand bonding, silver and tin migration, and oxidation of the copper strands can

occur with continuous q

naratiop-naesr—oroexcaedina—ratad tamnarature rociltina in Incco Af flav i

resistance, and loss of s
3.8.1.1 Tin Plated Co

Wire using tin-plated co

PeTrotor—Ticar;

olderability.

O CACCCOmMgTotCOtCTpCratarCTCottmyg T TOoo O T ATo

nductors

hductors can be rated to 150 °C, dependent upon the insulatio® Tin-copp

in time resulting in an increase in conductor resistance and embrittlement. This,inChéase in resis

being up to 4% for the
solderability (see 3.8.1.3

Rationale: The 150 °C
conductor rating. Conse
(e.g., AS83519/2 rated t
rating of the devices to 3
150 °C continuous ratin
rating of 135 °C.

3.8.1.2 Silver Plated

Wire using silver-plated
form of inter-strand borf
temperature, resulting irf
are subject to contamin

silver-plated copper wirg.

Rationale: The 200 °C ¢
conductor rating. Conse

smallest gage. Also, the surface of the tin plating b&@€omes oxidized V
)- These potential problems should be considered igthe’ application of tin-

rvative rating procedures can avoid problems’with conductor plating. Sel
b150 °C) and other heat processed components must take into consideratig
void insulation damage when exposed to:temperature above the componsg
g of tin-plated conductor wire. As an eXample, the AS22759/14 wire insU

Conductors

ding, silver migrationaand oxidation of the copper strands can occur w
loss of flexibility. Dug to fire hazard, silver-plated conductors shall not be |
htion by ethylegeNglycol solution. These potential problems should be con

h

pntinuous rating of silver-plated conductor wire is based upon insulation he
rvativerrating procedures can avoid problems with conductor plating.

lity, increased electrical

br inter-metallic will form
fance is inverse to size,
vith time, which inhibits
blated copper wire.

ontinuous rating of tin-plated conductor wire isibased upon insulation heat resistance, as well as

ection of solder sleeves
n the lower temperature
nt’s rating but below the
lation has a continuous

conductors can be ratedto 200 °C, dependent upon the insulation degradation. Degradation in the

th operation near rated
sed in areas where they
sidered in application of

at resistance, as well as

Red plague (cupric oxid

e eorrosion of silver-plated copper conductors), another degradation med

hanism for silver-plated

wires, has also caused millions of dollars in damage to aircraft, particularly during assembly operations. AIR4487 provides
additional information on this degradation mechanism.

The 200 °C continuous rating of silver-plated conductor wire is based upon insulation heat resistance, as well as conductor
rating. Conservative wire rating procedures can avoid problems with conductor plating. Selection of solder sleeves
(e.g., AS83519/2 rated to150 °C) and other heat-processed components must take into consideration the lower temperature
rating of the devices to avoid damage when exposed to temperature above the component’s rating but below the 200 °C
continuous rating of silver-plated conductor wire.
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3.8.1.3 Nickel Plated Conductors
Wire using nickel-plated conductors can be rated up to 260 °C, dependent upon the insulation. Not recommended for
soldering applications.

Rationale: The 260 °C continuous rating of nickel-plated conductor wire is based upon insulation heat resistance, as well
as conductor rating. Nickel-plated conductor wire is the more commonly used wire in aerospace vehicles because of its
lower cost and temperature rating.
3.8.1.4  Conductor Solderability
Solderability of tin-plated copper wire degrades significantly within 6 months to a year after production. When significant

oxidation occurs, mildly active rosin (RMA) flux is required for proper soldering and depending upon temperature exposure,
as well as storage time, an activate rosin (RA) flux may be required. Soldering of tin- plated copper conductors should be

avoided, but when reqg —— _

SERBAnS ol o tin il adl
AII\.;U uulllyullouullg SICPS SHer—aS—+e Ty orrair oo Hertaet—H e

re-termination (refer to AS4461).
Rationale: The solderin
sleeves and other deviq
interconnections in the v
devices that use solder

3.8.2  Aluminum Wire

The use of aluminum
Aluminum wire shall ng
vibration. It shall not be
wire shall be relatively p
where corrosive fumes|

j of nickel-plated wire also presents problems that are not described in t
es intended for silver- or tin-plated wires are not suitable for nickel-platg
iring system involve crimped contacts. Soldering issues are mofé pronoung
Nooks.

ire requires procuring activity approval. Alumirum wire shall be restrict
ither be directly attached to engine mountedZaccessories nor installed i
nstalled where frequent connections and digsonnections are required. All i
ermanent. Aluminum wire shall not be us&d where the length of run is less
exist. Aluminum wire shall be termifated only by terminations specif

application (see 3.20.2 @nd 6.12).

Rationale: Aluminum wi
all environmental restric
and high resistance at

Restrictions, such as sq
corrosive vapor betweer
The higher temperature
3.8.3 Fiber Optic Cab|

The type, size, construg
approved for use by the

re is used to save weight, but@uch savings are not justified unless signifig
ions are observed. Material ¢reepage of aluminum from vibration and stres
connections. Fatigue caused by frequent flexure during maintenance can
aled terminations, can\prevent potential loss of “gas tight” connection (d
strands and crimp\barrel). Aluminum wire is limited to 150C, whereas cop
rating will often provide a better solution with a copper wire.

le SelectipR

tion, @ng distinct identification for fiber optic cable shall be suitable for the
preddring activity. Cable shall be of a construction which provides the requ

enance procedures for

his specification. Solder
d wire. Generally, most
ed with relays and other

bd to size 8 and larger.
W other areas of severe
hstallations of aluminum
than 3 feet, nor in areas
cally approved for this

ant weight is saved and
s can result in loosening
lead to material failure.
bes not allow potentially
ber wire can go to 260C.

application and shall be
red optical performance

under all service condi

iors when the overall characteristics of end face polish, cable length

humber of connections,

installation bend radii, and environmental degradation are taken into account. Cable shall be resistant to environmental
degradation and handling damage and shall be of a continuous temperature rating that is compatible with assembly process
and installation environment. The fiber optic cable shall be distinguishable from aircraft wire harness assemblies as defined
and approved by the procuring activity (refer to MIL-STD-1678).

Rationale: The use of fiber optic cabling provides a number of advantages over its electrical counterpart, including higher
data rate transmission, immunity to external interference, e.g., electromagnetic vulnerability (EMV), non-emitting, lighter
weight, the ability to support multiple wavelengths along a single fiber, small bend radius when using bend insensitive fiber.
A reduction of data strength (light transmission) caused by poor installation (tight bend radius) or terminus end face
contamination can lead to increased bit error rate that can affect system operation. MIL-STD-1678 has criteria concerning
the selection, usage, and testing of fiber optic cable.

Tested and approved fiber optic cables shall be used. When employing fiber optics into system designs, it is important to
remember that assembly, installation, and field servicing require specialized training, tools, and diagnostics.
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3.8.3.1  Strength Member

Fiber optic cable shall include a layer of suitable, approved strength member material (e.g., fiberglass, Aramid yarn, or other
non-metallic material) that can be mechanically attached to termini assemblies for the purpose of resisting tensile loads
(refer to MIL-STD-1678).

Rationale: Attachment of the optical fiber in fiber optic cable terminations and the fiber itself have very limited ability to
withstand the tensile loads that can occur on cables during installation and poor installation. Reacting these loads through
a properly attached strength member preserves the cable integrity and its optical interface with the termini. MIL-STD-1678
has criteria concerning the usage of a strength member in a fiber optic cable.

3.8.3.2 Jacket

External jacket of fiber optic cable shall be resistant to moisture, mechanical damage, and temperature degradation (refer

to MIL-STD-1678).

Rationale: The jacket p|
damage or degrade the

3.8.4 Coaxial Cables
Coaxial cables shall be

Rationale: Potential ca|
communication degraddg
difficult to diagnose. Thg
system range, operatior]

For applications above 4
structural return loss, en
operating in the transv{
identified by a violet-co|
6 inches of termination.
color requirements of M
electrical characteristicg
and grounding shall be
coaxial cable with tubu
intervals not greater tha
ARP81490 need not be
is not for U.S. Navy app

rotects the inner members of such cables against most of the elements
M. MIL-STD-1678 has criteria concerning the selection of an externaljacke

Suitable for the application and shall be selected in acget@ance with A.3.1.

ble degradation can cause communication lossvand result in flight ha
tion can be caused by damage to dielectric layerer termination aging; deg
b selection guide of approved constructions in¢luded in AS50881 Appendix
characteristics, and signal clarity.

00 MHz and in critical RF circuits, criti¢atelectrical characteristics such as g
vironmental requirements, short leads, and grounding shall be considered
brse electromagnetic mode (TEMY and coaxial cable with tubular metal

ored marker (1-inch nominal(width) at intervals not greater than 24 inch
Transmission lines in accafdarice with MIL-T-81490 need not be identified

L-T-81490 have been met. For applications above 400 MHz and in crif
such as attenuationgsgpacitance, structural return loss, environmental re
considered in design) Coaxial cable operating in the transverse electromg
ar metal outer,su#faces shall be identified by a violet-colored marker (1
n 24 inches 8f\fength and within 6 inches of termination. Transmission |
identified y{colored markers if the color requirements of MIL-T-81490 ha
icationg.

Rationale: Damage-rel
inspection nor readily

which might otherwise
t on a fiber optic cable.

b of Appendix A.

zards. One method of
radation of either can be
A facilitates predictable

ttenuation, capacitance,
in design. Coaxial cable
outer surfaces shall be
es of length and within
by colored markers if the
ical RF circuits, critical
uirements, short leads,
gnetic mode (TEM) and
-inch nominal width) at
nes in accordance with
e been met. ARP81490

ted 'degradation of signal carrying properties of coaxial cables may not

e apparent by physical
e domain reflectometer

(TDR). A very important characteristic of each cable is making such measurements of the cable’s known properties.

The requirement of distinctive color markings is to provide an alert that for maintainers that special handling and termination
techniques are required.

ARP81490 is not for U.S. Navy applications because MIL-T-81490 contains strict performance requirements which can be
employed in contractual requirement documents, unlike ARP81490, which is for guidance only.


https://saenorm.com/api/?name=123e120d2bff4ce21aa839670e8f3021

SAE INTERNATIONAL AIR6808 ™A Page 20 of 83

3.8.5 Harnesses
Harnesses shall be of either open or protected design. Open harnesses are preferred for maintenance considerations.

Harnesses may be designed to meet mechanical or shielding requirements. The use of protected harnesses shall be
avoided unless wiring design considerations dictate their use and is subject to the approval of the procuring activity. The
design details of protected harnesses are also subject to the approval of the procuring activity.

Rationale: The benefit of open harness design is that the wiring is easily accessible for maintenance actions, modifications,
and replacement. A potential drawback to open harness design is that the wiring can be easily damaged during normal
maintenance activities.

Protected harnesses, those with secondary harness protection, provide for limited maintenance actions and normally require
replacement if any problems are |dent|f|ed with the harness When approved for use, protected harnesses allow application
of thin-walled wire insulat ge, but this needs to be
considered against the ddltlonal welght and volume added by the secondary harness protectton

Secondary harness prd
terminations to avoid wi

tection can provide the additional benefits of shielding and jacketing a
re/termination breakage and improve environmental/electromagnetic shielg

Nnd can employ molded
ng.

Protected and unprotecied wire harnesses may be routed together in the same harfess. In these i
material may be used where protected and unprotected wire bundles are joined-together.

hstances, special barrier

UAV Consideration: Clo
considerations than spa

5ed harness design is not typically used for UAV design. For UAVs, service
ce and weight reduction.

ability and risk are lower

3.8.6 Insulation Compatibility with Sealing and Servicing
vices where the wiring must be sealed{®’provide an environment resistant jpint shall have insulation

ling feature of the device. For wiresfo connector sealing grommet compatjibility, refer to AIR1329.

Wiring terminations in de
compatible with the seg

When the diameter of th

AS23053/8, AS23053/1
contact and shall protru
electrical/optical cables

Sealing on tape wrapq

compatibility and shall

qualification of the termi
shall be intact, and able
(web) is in full contact w
destroy the integrity of t

Rationale: Moisture ing

e wire is smaller than the minijmum allowable diameter, a length of shrink

1, AS23053/12 Class 3, 4, or.§,'or AS23053/18 Class 2 or 3 sleeving shal
le through the environmenfal'seal. Elastomer grommets are generally quali
having smooth extruded jnsulations. Only one wire/optical cable per gro
ed, braided, striped&Qr other than smooth circular insulations shall bg
be subject to ppokuring activity approval, unless compatibility has bed
hating device. Afte#installation in the vehicle, the integrity of the sealing feq
to perform ftfeir*function. A device shall be considered as sealed if the o
th the deyieg When visually inspected. The wiring shall be installed so that
he sealing\féature of the wire.

q

ess\at connector wire entry can cause short circuits and resultant syster

NS23053/5 Class 1 or 3,
| be installed behind the
fied to seal on wires and
mmet hole is permitted.
b specifically tested for
n demonstrated in the
tures of all such devices
itermost sealing feature
transverse loads will not

n malfunction or failure.

Sealing at the connectar_avaids pin-to-pin shorts and potential corrosion of wires and contactsl Using the correct size

contacts, wire gauge, and wire insulation construction can help to reduce wire breakage, pullout, and ingress of
contaminants.

Wire harness routing has an impact on the connector sealing. It is recommended to avoid side loading and sharp bends at
the wire exit from the connector as this preserves the sealing capability of the connector’s rear grommet.

3.8.6.1  Wire Diameter

The finished wire outside diameter or finished wire diameter plus sleeving (see 3.8.6) shall be within the limits specified for

the grommet specified in the appropriate component specification and shall not exceed the capability of contact servicing
tools to insert and release contacts.

Rationale: The limits for each connector type and contact size must be observed to allow the successful use of standard
contact insertion/extraction tools. Oversized wires (or wires plus sleeving) can become lodged in connectors, and it can be
difficult to remove the contact without causing damage to connector contact retention locks.
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3.8.6.2 Potting Seal on Wire or Cable
The potting shall be bonded to the outer-most surface of the wire or electrical/optical cable in such a way to ensure an
environmental resistant seal.

Rationale: Adherence of potting to the wire surface is dependent upon both the potting material and the wire surface
characteristics. It is necessary to follow the manufacturer's recommended preparation and application process to ensure a
quality seal and avoid air entrapment during the potting application. Some wire insulation types require surface etching to
ensure potting adherence potting to outer wire surface.

3.8.6.3 Insulation Degradation

Wiring shall be handled, stripped, and installed so as not to distort, roughen, or damage the insulation on which sealing is
to be affected. Methods of marking and identification shall be applied so as not to provide a track for moisture entry. The

af chialdad Sn A ot bloac aon ola

P P2X TN 2 antriaal Ao 1 PEYET-Y FETZV- a
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able degradation of the

impression left on the ins

insulation in relation to t

Rationale: Moisture ingf
systems. When descen
This moisture can readi
terminations. The abse
environmental seal.

3.8.7 Corona Prevent

In the selection of electr
relating to corona preve

Rationale: At very high
thin-walled wire insulati
heavier walled wire sha

This is applicable to any
from AS50881 Figure
Figures 1 and 2 to a giv

e Determine the phas

Identify the correct altitude andfemperature curve.

he elastomeric seal. Caution shall be used to avoid this condition.

ess at connectors can cause short circuit system failures or indugetinterce
Hing from higher altitudes, condensation typically forms on wire'bundles

y flow along wire surfaces into any available cavity, potentially(causing cg
hce of a smooth surface at the connector wire grommet entry can affect

jon

ical wiring, considerations shall be given to_th@jprevention of corona disch
nhtion is contained in 6.6 and should be reviewed prior to the selection of al

altitudes and AC voltages exceeding“240 Vrms, electrical discharges ¢
bn and the surface of any adjacent,grounded material. If such conditions
| be selected as defined in AS50881 6.6. See 3.19.

1 is only applicable to ‘AC-waveforms since it is predicated on relativ
bn design, the following steps are recommended:

e-to-phase or phase-to-ground RMS voltage.

Determine the ins

I
temperature and fre‘Fwency ranges.

ation{_permittivity, taking into consideration the permittivity over the

nnection with unrelated
n unpressurized zones.
rrosion of conductors or
its ability to provide an

arge. Useful information
wiring.

an occur on or around
are to be encountered,

voltage difference, including phase-to-phase wiring or interconnections. The “corona-start voltage”

e permittivity. To apply

normal and abnormal

insulation thickness

of both wires.

Use the equivalent thickness to calculate the required thickness for the insulation used.

Use the provided formula to determine the equivalent thickness of the wire coating/plating, taking into account the

Find the intersection of the altitude curve and the equivalent thickness to find the corona start/inception voltage.

It is important to consider the largest voltage transient that may be encountered in the system and a safety factor.
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3.8.8  Minimum Wire Size

This specification permits the general use of size 22 wire as the minimum wire size for airplanes, helicopters, and
lighter-than-air vehicles. Use of size 24 and smaller gage wires in harnesses shall be limited to wires which have break
strength of 20 pounds minimum. Size 24 and smaller gage wires shall not be installed as a single wire. Use of size 26 and
smaller requires procurement activity approval. This restriction in aerospace vehicle applications is due to maintenance
difficulties.

Rationale: Improperly calibrated crimp tools, vibration, flexure, tensile loading, and thermal cycling can all contribute to
conductor strand breakage or erratic system operation (caused by the conductor making intermittent contact). Wiring that
requires frequent disconnection and utilizes undersized wires are more susceptible to conductor breakage. Most common
wire constructions include high-strength copper alloy variations for smaller wire gauges; these may be used to achieve the
break strength minimum specified in this requirement. This requirement precludes the use of smaller wire gauges included
in cables.

3.8.8.1  Current Carryjng Capacity

Wire shall be sized so that all wires distributing current from a circuit protective device hay&@a capgcity which is equal to or
greater than the rating of the device under all operating conditions. Circuits shall be*ifdividually powered with a single
operating current interript system. Independently operated circuit protection deviegsCshall not he paralleled or ganged
together to achieve a rejquired current rating. Power source feeder wires shall be sized for the rat¢d capacity of the power
source. A guideline for the continuous current in each wire is shown in Table }-.Xable 1 assumes pn ambient temperature

of 70 °C, a harness or harness branch of 33 or more electrical wires for sizes\26 through 10, and| nine electrical wires for

size 8 and larger, carryir]
The use of this tabulatig
used for determining wi
and 5 shall not eliminate]
Figures 3, 4, and 5 are

for skin and proximity ef
protective devices shall

Rationale: Wiring must
the power after a short ¢
Table 1 exceed the alti
cover separately routed
cable jackets or overbra

Power source wires cor
minimized. Unless proty
materials over time, and

Most circuit protective d

g 20% or less of rated harness or harness branch ¢urrent and operating at
n shall not eliminate other requirements for wirexsélection. Data from Fig
'e size for conditions other than those containgd in Table 1. The use of T
other requirements for wire selection. Currept'carrying capacity listed in T4
capable of handling frequencies up to 8Q8¥z; above 800 Hz, the AC resis
fects. When reducing wire size, unprofected wires connecting power buses
be maintained within the same powerpanel and kept to a minimum length

be protected from excess electrical current by circuit protection devices G
verload period. Table 1 can simplify some size calculations. The paramets
ude and ambient conditions encountered during most aircraft operations
power feeders, higher altitudes, or high temperature compartments. The
iding, which can significantly increase wiring temperatures or wiring near ¢

necting bussing*within insulated panels are less susceptible to ground fg
bcted, currentrise-related heating of wire caused by excess loading will
can cause-wire-to-wire or wire-to-ground shorts.

bvices-operate through sensing of heat buildup which is proportional to load

time is rapid with the hi

n altitude of 60000 feet.
ires 3, 4, and 5 may be
hble 1 and Figures 3, 4,
pble 1 or calculated using
ance must be corrected
or feeders to any circuit

apable of disconnecting
ers included in AS50881
but the table does not
tables do not consider
nclosures or structures.

ults if the wire length is
break down, insulating

current. Their response

hést current overloads but may be protracted when overloads are only sli

htly greater than current

rating. (For example, MS3320 thermal circuit breakers may indefinitely run at 115% current rating without tripping.) Power
feeders should be able to carry the maximum power source current. Undersized wires may fail at random intervals due to
insulation breakdown, especially in high temperature areas.

Refer to MIL-STD-7080 4.9.1 and 4.9.2. In order to avoid current-related thermal overload damage to wiring and surrounding
materials, wires must be protected through coordination of their capacity with that of the associated circuit protective device.
Without this rule in AS50881, wires could be sized to suit the running load (typically well below the circuit protector rating)
and not be protected by the circuit protection.

Power feeder wiring needs to be sized to the power source capacity to ensure that the current protective features of the
power source system can effectively avoid damage to wiring and surrounding materials in the event of overload. It is
impossible, during initial design, to anticipate the extent of additional loads that will be applied to a power source during the
lifetime of an air vehicle.
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The use of paralleling, jumpering multiple circuit protection devices to achieve a higher rated current (e.g., using two 50 A
breakers to achieve 100 A protection), does not guarantee uniform current distribution through each device and can allow
one device to be overloaded even if total capacity is adequate. Although not specifically prohibited, paralleling circuit
breakers is not a recommended practice.

3.8.8.1.1  Wiring in Harnesses

Table 1 current ratings for electrical wires in harnesses are based upon 33 or more electrical wires for sizes 26 through 10
and nine electrical wires for size 8 and larger operating at 60000 feet altitude, and an ambient temperature of 70 °C. The
total current carried by the harness shall not be more than 20% of the numerical total obtained by adding the carrying
capacities taken from Table 1 (or calculated from Figures 3, 4, and 5 for ambient, altitudes, or harness loading factors
differing from those assumed in Table 1), for the appropriate wire construction temperature rating for all the electrical wires
in the harness. For example, if a wire harness contains 33 size 20 electrical wires rated at 200 °C, the numerical total is
297 A, 20% of which is 59.4 A and the maximum allowable total current in the harness is 59.4 A and the maximum allowable
current for any size 20 v s a number of individual
electrical wires equal to

wrainthg harnges ic O A AN glantrical cohlg in o0 harngegs chall hg trgatgd o
HeH o8 sStovr—~—-88ctHoa a6 H a8 sSSHaro9eH8at6a

the number of conductors in the electrical cable, excluding shields.

In smaller harnesses, the allowable percentage of total current may be increased as thg fiarnes
wire configuration. The lharness ratings contained in Table 1 were derived from Figures-34, and 5
free air ratings for coppér wire were determined at T (200 to 70 °C) (for aluminum wire @e-rate the|free air rating of copper
wire by 20%) and de-rpted for (a) operation at 60000 feet altitude, (b) harness€s*of 33 electr[cal wires or more, and
(c) carrying 20% or less|of rated harness current. For conditions other than (a)though (c), see 6.7.

5 approaches the single
Single electrical wire in

Rationale: Bundle construction and bundle current loading are primary facters affecting the heat rige within a wire harness.
The wire bundle heat rise must be accounted for along with the individual current loading of a|wire in determining the
required wire size. The ¢onventions required for calculation of loadingceapacity of individual wires and wires in various wire
harness sizes have begn verified by individual testing and through extensive application in large|aircraft fleets that have
encountered diverse, arjJd sometimes extreme, operating conditions. Wires carrying current that arg¢ not protected by circuit

protector may experien
shield or mechanical c
wire/bundle’s ability to r
3.8.8.1.2 Wire Termir
The continuous current

wire termination deviced

design characteristics o
system circuit shall nof

ce insulation failure or fire damage. Protective layers over the wire or bu
hafe protection, have been shown 1o adversely affect the wire insulati
pject or transfer the heat during high' current loading is reduced.

ations
atings of Table 1 wergderived only for wire application and cannot be appli

(e.g., connector cdniacts, relays, circuit breakers, switches). The current |
the device. Caresshall be taken to ensure that the continuous current valu

Rationale: Devices uség
material, plating, and i

ILS

Conductive sections or insulating material of termination may fail if the current carrying rating or tern

d in Wwiring systems have various temperature ratings and are depend
ulation materials used. Wire terminations do not normally match that

ndle, such as overbraid
bn of the wires, as the

ed directly to associated
atings are limited by the
e chosen for a particular

create hot_spats within any circuit element which could lead to premature failure. Acceptable
temperature levels of cifcuit compehénts shall be those defined by the particular circuit componen

specification.

ent upon the conductor
of the associated wire.

hperature rating limits of

specific devices are exceeded. Loss of power source may be at risk. Insulation breakdown of terminating device plating,
degradation, or excess voltage drop may occur. This is likely a greater issue when using fully loaded high temperature rated
wire (e.g., 260 °C).

3.8.8.2 Ambient Temperature

The contractor shall ensure that the maximum ambient temperature that the wire bundles will be subjected to, plus the
temperature rise due to the wire current loads, does not exceed the maximum conductor temperature rating found in
Appendix A in Tables A1 and A2. Figures 3, 4, and 5 may be used to determine the appropriate current loads when the

following conditions are known: maximum ambient temperature, maximum conductor temperature, maximum altitude, and
the number of electrical wires in a bundle. See example in 6.7 for method of calculation.
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Rationale: Heat-related insulation breakdowns over extended periods could result in fires caused by short circuits between
wires or to adjacent structure, particularly on heavy current power feeders. Wire bundle heat rise calculation must be based
on current in all wires, wire resistance ratings, and number of wires carrying current during full loading at maximum ambient
temperatures. Temperature surveys of all aircraft sections, including accounting for protective jacketing or insulated
enclosures, should be addressed when wire size and insulation construction are selected.

3.8.8.3 Deleted

3.8.8.4 Voltage Drop

For power distribution circuits, the total impedance of supply and return paths shall be such that the voltage at the load
equipment terminals is within the limits of MIL-STD-704.

Rationale: Critical equment may not function properly if the voltage limits are outside of its specified revision of

MIL STD 704 Typlcal nnnnnnnnnn da tdan otian ~AFf tho Sl asha ML QTN 7

voltage levels at which
The voltage drop calcul
drop is within the specif

Under-voltage protectig
equipment is also applid

Most electrical system ¢
the voltage drop is spec

Winatinna Al $ifi £
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he equipment will function properly. Also note that different revisions of M
btion must include circuit protective devices, wiring, and all terminations’to
ed limits.

n of power sources may cause shutdowns if voltage limitsCare excesg
able.

bmponents specifications include requirements on valtage drop. Depending
fied at ambient and/or at elevated temperatures. This'information can be 3

for voltage drop calculafions.

3.8.9 Maintainability
Wire selection shall be 4§

Rationale: Maintenance
secondary harness prot

For harnesses routed s

ffected by considerations of the typesi\and frequency of maintenance actid

induced damage is frequently. among the leading causes for wiring failure]

bction should consider the poténtial impact of normal maintenance activitie

Libject to repeat flexure or, attached to equipment requiring frequent remo

number of conductor stiands should be considered as they tend to have better flex life endurance

Harnesses routed in are
protection or wires/cablg

The difficulty of wiring d
EWIS components requ
specialized tooling and
platforms.

as subject to frequent maintenance action should consider abrasion resis
b with greater abrasion resistance properties.

omponent-epair should be considered prior to design implementation. T|
iring specialized tool and/or training should also be a selection factor. G
or have'not been approved by the procuring activity have caused signit

4 revision that specifies
IL-STD-704 may apply.
ensure that the voltage

ded. Power generation

on the component type,
used as a starting point

n.

The wire selection and
S.

bal, wires with a greater
and extend service life.
tant secondary harness

he cost-benefit of using
omponents that require
icant issues on several

3.8.10 Wiring Selection for Special Applications

The general-purpose electrical wires listed in Appendix A do not perform equally in all applications. The detail characteristics
of the specific wire types shall be considered for the following special applications.

Rationale: Wire failure in areas of severe environment can cause safety issues with engine operation, wing folding, and
landing gear folding. Critical armament and fly-by-wire circuits should receive special attention. Some insulation types do
not provide reliable service under severe high temperature, high vibration, flexure, and fluid exposure. Severe heat, wind,
and moisture areas need certain environment-resistance properties. Engine compartments, landing gear, wing fold areas,
and high wattage lighting, etc., may need special wire types. Fire detection and extinguishing systems require fire zone wire
(wires selected from AS50881 Appendix A that retain integrity for a limited period during a fire) so as to be able to continue
functioning during a fire.
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The use of fire zone wire in a combat aircraft for flight critical wires should be considered. Many combat aircraft (and some
civil aircraft) have experienced fires or arcing damage that could cause short circuits. The fire zone wire in Table A1 in
AS50881, MIL-DTL-25038 has been used traditionally in applications where fire detection, fire suppression, or fuel shutoff
devices are located within engine fire zones. This type of wire can be considered for the most safety-critical circuits,
particularly in congested areas where channel separation is minimal. In some helicopters, the multiple channels are each
above the other around the main gear box, connecting to the flight control actuators. The combination of ballistic damage
and/or ignited fuel or oil could easily expose all channels to fire.

3.8.10.1 Severe Wind and Moisture Problems (SWAMP)

Suitable wire types in accordance with AS22759, listed in Appendix A, are preferred for SWAMP areas or both. Applications

include wheel wells, near wing flaps, wing folds, and pylons.

Rationale: Wires having a fluoropolymer insulating jacket, when properly rated, have demonstrated excellent ability to

withstand SWAMP area
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by delaminating or expe

Long-term humidity exg
areas. The suitable wire

3.8.10.2 Frequency Flg

Wire types in accordan
flexing of the wiring.
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conditions even when ¢
the correct cross-sectio
characteristics in specig

The frequency of flex 4
applications. A smaller
Method 704 (flex life) d
comparison versus a lor

3.8.10.3 Electromagng
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The following precautior]
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instances where more
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riencing other forms of degradation.

types identified in AS50881 Appendix A should be considered foruse in §
bXure

e with AS22759, listed in Appendix A, shall be used)fer areas that requir|

a fluoropolymer insulating jacket have demonsirated excellent ability to wi
ubjected to moisture, other fluids, and handling conditions. Specialized W
hal area by having smaller diameter strands in greater numbers have dis
lized applications.

nd the bend severity (tightness of bend) should be considered when s
harness bend radius will result in a shorter fault-free service life. Tests m
an be considered for detérmining comparative flex life performance. Th
g-term reliability test.

tic Interference (ENIl)and Electromagnetic Vulnerability (EMV) Sensitive A
red for use jdN&MI and EMV sensitive areas. For complete installation guig
hductivedand should be routed and clamped or protected to ensure cl

fribution,*points. The use of discrete filters or other suitable means shoul
effective attenuation of interference can be provided at specific frequ

d and moisture exposure

osure and/or force hydrolysis testing should be considered for componénts located in SWAMP

WAMP zones.

e repeated bending and

hstand repeated flexure
ire types which achieve
played excellent flexure

electing wires for these
pthods such as AS4373
b test is a performance

reas

ance, refer to AIR4465.

s must be-tgken when routing and installing AS85485/8 or /12 shielded and jacketed filter line wire.

barance to all exposed
d also be considered in
ency ranges or where

replacement of existing

wiring is impracticable. Qualified examples of such devices include activd

in terminal junctions (refer to AS81714).

components integrated

Rationale: The reliable performance of EMI/EMV sensitive wiring can only be assured when adequate shield construction
and proper shield grounding are employed. Available means to reduce the impact of EMI/EMV include:

at lower frequencies.

e Additional separatio

n and/or ferrous metal shielding are more effective at lower frequencies.

Discrete filters within sensitive equipment units may be required.

Filter line cable has excellent attenuation characteristics for high frequency interference but does not attenuate as well
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Regardless of the EMI/EMV protection employed, tests should be conducted to verify performance. Performance of shields
is very dependent on adequate connection to aircraft ground plane. Such connections must be protected from corrosion.
Sealed terminations are advisable. Flight control systems, armament systems, and other critical circuits can malfunction if
exposed to high intensity radiated fields or interference from on board electrical or electronic systems.

The new systems are likely to use very high frequencies (>100 MHz) and are very sensitive (millivolts/microvolts) and are
more susceptible to interference. The shielding practices that have been used in the past are no longer effective for these
new systems. Many shielding techniques were only to reduce coupling between cables and were not intended or required
for outside interference. The systems that they were protecting were low frequency systems which were only affected by
low frequency switching and analog noise. Many new systems are affected by much lower level interference and higher
frequency interference which couples more efficiently to the normal length cables connected to the component and pigtails.

The cables are excellent antennas at higher frequencies but were poor antennas at the lower frequencies. For the new
systems, cable/harness shleld termlnat|ons should employ 360-degree shield connection to the backshells at both ends of

the harness (potential tq
low enough impedance

Because of the comple
experienced EMC/EMI ¢

Shields may not be terni

bleed wire. This terminaﬁ

wiring and adversely a
individual shielded cabld
termination is done at th

The AS81714 terminal
capacitors, resistors) wh
to provide system-speci
(refer to MIL-DTL-32637
Additional consideration

3.8.10.4 Thermocoupld

The following is requireq

a. Thermocouple conf
gradient conditions
requirements such 4

b. Transition from ther|

fo route the S|gnal to the ground/reference

ity of EMI/EMV, it is recommended that determinations on protection sh
tngineer and performance be validated through testing.

inated to saddle bars on backshells. Examples include AS83519/2 solder
on process has been shown to operate as an antenna-and induce unwan
ect system operation. Shield terminations using 360-degree shielding

(e.g., WC27500), the AS83519/3 or /5 using braid:cable for the bleed wire
e shield splice or at the banding platform of the EMI/RFI backshell (e.g., A

junctions such as /21 and /23 have the ahility to integrate electronic co
ich may be integrated in the affected wire-as an in-line splice. Thus, tailorg
fic EMI/EMV vulnerabilities. For in-liné.€énnector-saver type of tailored pro
) may be developed.
s for shielding an EMI/EMV is¢ncluded in 3.11.1.
e Wiring
when using therpocouple wires (see 6.8):
pcts shall naibeé used except to meet system requirements (see 3.8.1
Thermogedple crimp contacts in accordance with AS39029 shall be

s thermalbgradient conditions.

mecguple wires to copper wires are permitted with the environmental sea

in 3.14.1 or AS8171

). Pigtails do not offer a

puld be reviewed by an

Sleeves with a 22-gauge
ed EMI/EMV in harness
are recommended. For
are recommended. That
585049/80 through /92).

mponents (e.g., diodes,

d devices can be added
tection, filter connectors

D.4[b]) such as thermal
used to meet system

ed connectors specified

autions should be taken

U/12 type 2 in-line junction. When gold-plated crimping pairs are used, pred

to ensure that the connector external temperature ambient and internal hotspot temperature is such that both the wire
to contact junctions for the thermocouple wires within the connector are at the same temperature.

Rationale: Thermocouple material in wire or terminations adds substantially to cost and should only be used to avoid
dissimilar metals voltage coupling inaccuracies. The dissimilar metals coupling that exists between thermocouple wire
and attached non-thermocouple contacts generates a voltage. When no temperature difference is present on both sides
of a mated pair of such contacts, dissimilar metals coupling voltages generated on both sides of the connection offset

each other.

When gold-plated crimped contact pairs are used, precautions should be taken to ensure that the connector external
temperature ambient and internal hotspot temperature is such that both of the wires to contact junctions for the

thermocouple wires

within the connector are at the same temperature.

Additional design and typical system configurations which employ thermocouples are described in AIRG5.
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Splicing of thermocouple wire shall be avoided. If splicing is necessary (see 3.19) an AS81714/12, type 2 dual in-line

junction (splice) or AS81714/11 single in-line junction (splice) or AS81824/1 splice shall be used.

The connector, in-line junction, or splice shall provide an environmental seal on the thermocouple wire. The tensile

characteristics of the contact/thermocouple combination shall be equal to or greater than the tensile characteristics of

c.
d.

the thermocouple wi
e.

such as thermal gra
f.

re.

dient (see 3.8.10.4 [b] for exception).

For aircraft engine application and configuration, refer to AIR65.

AS5419 thermocouple extensions or MIL-DTL-5846 thermocouple wires shall be used to meet system requirements,

Rationale: AS81714 splices provide environmental sealing at splicing junctions to preclude the presence of moisture.
Moisture can support an electrolytic cell at dissimilar metal Junct|ons and generate false voltages. When such

precautions are tak

iooimilar

an ond o armaal aroiant Saraco fcaonn |
arSStrrar 1

netals coupling voltages

generated on both g
3.9 Wire and Electricd

Each wire and cable sh
stamp marking shall not
AS5942 or AIR5558 wh

Rationale: Identification
failures by introducing
Experience has shown
used to overcome worn
in fiber optic cable glass|

Because this specificati

components with lead wires. ARP5369 provides recommended practices to ensure hot stamping is

Inkjet marking can prov,
marking provides excell
sleeve marking provideq
3.9.1  Assignment of |
The identification code f
by the procuring activit
significant in accordanc

+h thao tH B ni
CranaTo—teTrar gradict acirusSS UiIT €oecHonS 'JIUOUIIL,

ides of the connection offset each other.
I/Optical Cable Identification

hll be marked with an identification code on its jacket or sleeying of the ele
be used. Identification marking (wire, cable, sleeves, labgls,tags, etc.) shd
bn laser marking is used.

code marking is used to avoid interconnection errer-related failures. Hot st
breaks in wiring insulation that result in shoft circuits failures and aro
hat inadequate operator training with hot stamp equipment, increased ten
dies has initiated cracks that allow wire-to-wire and wire-to-ground shorts.
strands, resulting in degraded signal trarismission due to refractory losses

on applies to wiring and not equipment, the hot stamping restriction doe
de adequate mark durability*on some insulation materials if properly heg
bnt clarity and durable marking, even on very small wires and on Teflon-ins
a convenient and safe;method for coaxial and fiber optic cables.
Hentification Cqde

or wiring ghall be significant or non-significant in accordance with Append

y. Unlessiotherwise specified, the identification code for all U.S. Militar
b withAppendix B (see 6.2).

ctrical/optical cable. Hot
|l be in accordance with

amp marking can cause
ing (refer to AIR5575).
hperature, and pressure
t can also create cracks
in the resultant air gaps.

s not apply to electrical
correctly performed.

t treated. Excimer laser
ulated wires. The use of

ces B or C, as specified
y applications, shall be

Rationale: The accurate

connecting the correct terminations, troubleshooting, and repair of any system’s wiring.

img and connecting wires,

Wire/cable identification codes that include the wire gauge help prevent using incorrectly sized conductors which could
become overheated or fail to provide a durable connection. Wiring termination errors or incorrect sizing could cause system
malfunctions which could lead to a mishap.

Reliable electrical and avionics systems require careful routing and termination. The effects of induced EMI from other
on-board systems can be avoided by careful organization of wire routing and effective shielding. The required isolation
depends heavily on the understanding of the signal characteristics and sensitivity of each wire segment. The use of circuit
identification code numbering is an essential tool in avoiding electromagnetic vulnerability.

Non-significant wire numbering is particularly helpful in systems that employ protected harnesses in which wire numbers
can be flexibly used for various functions. The identification codes also help when providing provisional wiring for future
systems. Significant numbering systems are better suited to open wiring harnesses in which troubleshooting depends
heavily on associating specific wires with their function as identified by the wire code.
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3.9.2 High Voltage (600 VAC/600 VDC or Greater)

For U.S. Military applications, wire used in high voltage applications (600 VAC/600 VDC or greater) shall be distinguished
from other wire/cables by using an orange (preferred International Orange 12197) color as the preferred primary
insulation/jacket color. The wire shall be identified with a mark or marker sleeve with HIGH VOLTAGE preceding the existing
wire ID marking, at intervals of 6 to 60 inches.

Rationale: Immediate recognition of high voltage cable routing is the desired impact. The color orange is used due to the
automotive standard for high voltage cables presently in place internationally.
3.9.3 Marking

Rationale: Reliable aircraft systems depend heavily on correct connections which are facilitated by readable wire

identification codes.

3.9.3.1

The wire identification
Figures B1 and B2.

Rationale: Without a co
could occur. A well-defir

3.9.3.2

The characters shall be
wiring.

Rationale: Reliable mar
durable marks. Proces
damage could also resu

3.9.3.3

Wiring shall be identifieq
the beginning of the nex

Rationale: Wiring IDs g
constructions may be a

tode shall be printed to read horizontally from left to right or vertically f

nsistent, permanent, and non-degrading marking method, ‘bumerous con
ed convention and a very detailed set of requirements-isthecessary to ens

legible and permanent, and the method of idéhtification shall not impact {

ing is a workmanship-sensitive process’having numerous opportunities to
5 control, quality equipment, andwell-defined conventions are essentia
It in short circuits, arcing, or signaMoss.

fom top to bottom. See

hection related mishaps
ure such consistency.

he characteristics of the

provide less legible and
. Marking-induced wire

throughout its lengtfat intervals not longer than 3 inches, as measured flom the end of a mark to

t mark.

reatly aid inAroubleshooting and locating specific wires in a large wire bu
single color"making it critical to have reoccurring wiring IDs. Closely spag

assures that they will bg visible-at termination points and when repairing damaged wire segments

controlled by comprehe
and error prone than

hsive‘computer systems can provide high quality marking that is consider
Ider¢manual systems. Harness assembly interconnections can be read

ndle. Modern insulation
ing wire code markings
. Automated equipment
Ably less labor intensive
ily accomplished when

Operators have eas"y umdefrstood code numbers.

3.9.3.3.1

When it is not possible to print directly on a wire or electrical/optical cable, an identification marker shall be used. The marker
shall be an AS85848 or AS23053 heat-shrinkable sleeve, an AS23190 (AS33681) identification strap (see 3.11.3.8), or a
MIL-1-3190 glass braid. The marker shall not be used as an electrical insulating device. For repairable, protected harnesses,
the marker shall be visible during maintenance within the accessible areas at the rear of the connector. The markers shall
be used as follows:

NOTE 1: AS23190 (AS33681) identification strap shall not be used within electrical/optical cables, groups, harnesses, or
bundles.

NOTE 2: AS23190 (AS33681) identification strap is not authorized for U.S. military aircraft.
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a. Electrical/optical cables upon which identification cannot be printed shall be identified by printing the identification code
(and individual wire color, when applicable) on a marker placed external to the outer surface. The marker shall be placed
at each end within 12 inches or before the first clamp (whichever is less) and at intervals not greater than 3 feet.

b. Wires on which identification codes cannot be marked shall be identified by printed markers at each end within 12 inches
or before the first clamp (whichever is less) and at intervals not greater than 3 feet.

c. Wires for which the identifications are reassigned after installation in the aircraft may be re-identified by markers at the
termination of each wire segment. It is not necessary to re-identify such wires throughout their lengths.

Rationale: Maintainers that are required to modify or repair wiring must identify each affected wire segment near the
termination or damage point. They are required to associate wire identification codes with the contacts on any device
removed or replaced or otherwise affected by aircraft modifications. The visibility of these identifiers in areas normally
exposed during such activities allows re-termination to be conducted without excessive disassembly of the harness. Marking
that is obscured by otherwirirg—requires—remeval-of-secondaryrsuppertties—er-harnessaeketing to access wire code
numbers. The excessiveé removal of these ties could risk possible insulation damage.

Application of sleeve markers, strap markers, or other means not requiring the use of complex malking equipment enables
field operations to incgrporate modifications or replacement using wire and cable.bulk matgrials. It also facilitates
re-identification of existing wires or cables during modifications without the need for replacement.
3.9.3.3.2

Short electrical wires and electrical/optical cables less than 6 inches long Q¢ed not be identified or) the aircraft but shall be
completely identified on|the drawing.

Rationale: The termination point at each end of short wires is normally visible during maintenance pr modification.
3.9.3.3.3
For developmental modgl aircraft, wiring identification mjay-be provided at junction and termination|points only.

Rationale: Servicing of puch aircraft is usually acComplished by skilled technicians. The need forl maintenance repairs is
slight.

3.9.3.34

For protected harnessgs and shielded® jacketed multi-conductor electrical cables and when uging non-significant wire
identification, color coding or its ajpanumeric equivalent may be interchanged within the same harness. The alphanumeric
equivalent of the color cpde shall\be in accordance with MIL-STD-681. (See C.3.2.3.2 in Appendix|C for an example of the
alphanumeric equivalent of célor coding.)

Rationale: A well-defin convention and a very detailed set of raqnirnmnnfe S necessary to-ensdre the understanding of
color code equivalent numbers. Both installers and maintainers benefit from the use of a consistent color code scheme.
Maintainers required to modify or repair wiring must first identify each affected wire segment near the termination or damage
point. During the repairs/modifications, the maintainers are required to associate wire identification codes with the contacts
on any device removed, replaced, or affected.

3.9.3.3.5 Harness Identification

All harnesses shall be identified to facilitate maintenance (see Appendix B). Identification shall be done on nonmetallic
bands affixed to the harness and shall be located within 3 inches of the connector identification band and in each bay
through which the harness is routed. All markers shall be visible during maintenance within the accessible area.
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Rationale: Harness identification is an essential part of performing wiring maintenance on any aircraft. Finding a specific
termination or wire would otherwise be impossible, given the possibility of hundreds of separately identified harness
assemblies routed within the air vehicle. The application of harness identification markers and ensuring that the markers
represent the current harness configuration is essential to correctly interpreting maintenance manuals, verifying
modifications, and supporting system/zonal inspections. Nonmetallic identification bands are unable to create short circuit
paths between conductors and are unlikely to chafe wire insulation. Unless such bands are located at regular short intervals,
they may not be visible without disassembly.

As a means of assigning wire harness identifiers, the use of drawing numbers can be an effective means of assigning
harness identifiers. The benefit of this is that the use of a part number in the wiring data base provides a significant means
of identifying the configuration when delivered.

UAV Consideration: For those areas that are not accessible regularly, the harnesses may not be labeled. When accessing

these areas, additional care should be taken to identify the correct markings.

3.9.3.3.6

Harness critical clamp 14
in critical locations and 1
markers may be up to 2
procuring activity (refer

Rationale: Since some
example, if a landing g€
of slack in the right plag
which can span the lend
be excessive/not enoug

the harness at those clamp locations. Thus, when the clamp secures the harness at that or thos

installation is per drawir]
the clamp is installed ¢
labels should not be usg
Note that ARP5614 pro
3.9.3.3.6.1 For U.S. |
Markers shall be locate

When required, clamp |
termination) and at the n

for areas in close proxinpity to fluig-Carrying lines, tubes, hoses, moving parts, and components.

For harnesses that
located at the last ¢

a.

cator markers are used when there is a design requirement to conttdl har
haintain specified adequate clearance and separation from equipfient and
inches wide. Color and location shall be specified by the degsiga*organizat
o0 ARP5614).

wire harnesses perform critical functions, flex, or arewery long, their in

es, it can be damaged (stretched or pinched). The same goes with very |
th of an entire airframe. If the right section is not secured at the correct airf
h slack at the other end of the harness. Thus, 2-inch-wide critical markers

g. Note that the OEM drawing identifies’where the critical clamp markers
brrectly, some of the painted marker heeds to be visible on both sides of
d, as they may shift or slide down'the harness length, altering the intended

Department of Defense Gontracts for Air Force and Navy
H under the harness_tlamp, such that the colored marker is exposed on

bcator markers, as/a minimum, shall be placed at each harness endpoint
hid-point harpess clamp locations. Additional clamp locator markers should

conné€efrwith moving components or surfaces that flex or move, clamp |
apppoint prior to area of harness movement.

ides recommended marking methods and additional guidance on the topig.

ness movement or slack
structure. Clamp locator
on and approved by the

stallation is pivotal. For

ar harness which flexes every time the gear cycles.up and down doesn’t have the correct amount

ong airframe harnesses
rame station, there may
are typically painted on
e locations, the finished
are to be located. When
the clamp. Heat shrink
location on the harness.

both sides of the clamp.
(i.e., last clamp prior to
be added as necessary,

bcator markers shall be

b. When required at harness breakouts, clamp locator markers shall be located at the clamp position closest to breakout
point except for breakouts that occur within 18 inches of a previously established clamp locator mark location.

3.9.3.4 lIdentification Requirement for TEMPEST Wire and Cable

For wiring system installation requiring TEMPEST certification, wiring shall be clearly marked independent of their EMI

category. Circuits which process classified information shall be identified with a marker label sleeve of the appropriate

classification color, with “TEMPEST” printed on the sleeve, followed by the category, or system identification as determined

by the procuring activity. These identification sleeves shall be installed every 3 feet as per 3.9.3.3.1 (a) and (b), along the

length of the wire or cable. Special routing, shielding, and separation requirements shall meet procuring activity
requirements.
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3.9.4 Connector Identification

Connectors shall be identified to facilitate mating. All plugs shall have a nonmetallic band affixed to the wire group or harness
within 6 inches of the plug and shall be visible in the immediate area of the connector and shall not affect the maintainability
of the harness. The band shall bear the P and J number identification and optical identification (if applicable) of both plug
and mating receptacle and equipment nomenclature. All receptacles shall be identified with a “J” number on both sides of
the aircraft structure in a convenient area adjacent to the receptacle. Receptacle identification may be excluded where
available locations cause it to be not readily associated with the subject connector, or where it would not be visible (blind
area) during installation or mating. In no case shall the absence of identification result in the possibility of connector
mismatching. Receptacles, such as test and power, to which a mating plug is not attached, shall have, in addition, the
function of the receptacle identified on the plug side of the structure.

Rationale: Aircraft maintenance or modification often requires disconnection of wiring. The mismatching of connectors with

devices (e.g., identical connectors used on adjacent common components) can cause equipment malfunction. The initial

buildup and subsequeni—meodifications—are—nore—readily—accomplished—if-unambiguous—cennegtor mating is provided.

Connectors are typicallyjJunmated when equipment items are replaced or troubleshooting testjgyanducted. Reconnecting
ig

is facilitated and made less error prone when “P” and “J” reference designators are clearly i d.

Lack of identification marking could lead to errant attempts at mating and “scooping” d@ge to ¢gonnector contacts. See
3.8.1.4.5 for additional discussion. «

O
3.9.5 Wire Size Color|Code System QQ

When approved by the procuring activity, a wire size color code system r@ be used to facilitate|the control of wire size.
When a wire size color ¢ode is used, the wire insulation shall be identifié@nth the appropriate coldr by one of the following

methods. Only one metihod may be used for each vehicle. 7]
&
a. Solid colored. N\
R\
b. Distinctively color banded. o
o
c. Distinctively striped C}\Q
The wire size color codg is as follows: @ N
dJSize Color Size  Color
. 26 Black (see 3.8.8) 10 Brown
@ 24 Blue (see 3.8.8) 8 Red
O 22 Green 6 Blue
% 20 Red 4 Yellow
<& 18 White 2 Red
q)?* 16  Blue 1 White
14 Green 0__Blue

12  Yellow

Rationale: Using color-coding to identify the wire gauge can reduce the probability of using incorrect sized conductors. The
using of incorrect wire gauges can affect the current carrying capacity (see 3.8.8.1) and termination integrity.

3.9.6 EWIS Components Identification

EWIS components installed on the aircraft shall be assigned a unique reference designator identification (RDI) number.
Components are divided into three major categories: electrical equipment (i.e., WRAs/LRUs, terminal boards, relays, etc.),
splice areas, and ground points. Each RDI will have a label or stencil visible on the aircraft structure adjacent to the assigned
component. For U.S. Military applications, refer to the RDI format in MIL-HDBK-863 for guidance in identification of EWIS
components.

Rationale: Multiple military and industry standards exist for the assignment of reference designators including many unique
company variations. This paragraph establishes the baseline standard AS50881.
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3.10 Wiring Installation

Wiring installation-design of the wiring installation shall conform to the following precedence:

First: Safety of flight.

Second: The ease of maintenance, removal, and replacement of wiring.

Third: Cost effective aircraft production.

Wiring shall be fabricate

d and installed so as to achieve the following:

a. Maximum reliability.
b. Minimum interferen
c. Accessibility for insg
d. Prevention of dama

Rationale: Redundant s
systems. This may be a
well as wire harness rd

maintaining adequate s¢paration and segregation of critical wiring circuits:and functions.

Wiring should not interfe
be limited to interconneq
with personnel, equipmg
grommets and chafe str

For further consideratior
evaluating system sepa

3.10.1 Arrangement of

Wiring shall be arrange
tied; when these groups

Rationale: Individual gr
serviced when spot tied

3.10.2 Bundle and Gro

e andcouphng betweerrsystenTs:

ection and maintenance.

je.

stems wire routing should be separated sufficiently to avoid-a single point
uting and harness contents. ARP4404 and MIL-HDBK-525 provide recg
re with flight control movements. Routing through severe wind and moistu
tion to equipment therein. Wire routing should be located where bundles ar
ent, and structure. Where inadvertent contact is not assured under all servi

ps should be used. Pre-loading of wiring against these items must be avoi

of wiring system assessment,.the"FAA Advisory Circular (AC) 25.1701-1 g
ration.

Wiring

H in groups and buhdles to facilitate installation and maintenance. Individ
are bundled, thespot ties shall not be removed (see Figure 6).

pups, if partyof an associated system, may allow related wiring to be mo
together~Figure 6 has been added to help understand the concept.

failure disabling multiple

ccomplished with a common failure mode analysis examining both the separation at connectors, as

mmended practices for

'e problem areas should
e protected from contact
ce conditions, protective
ded.

rovides a framework for

Lal groups shall be spot

e readily accessed and

upg.Size

As a design objective, bundles and groups within clamps shall be no more than 2 inches in diameter. Wiring in high density
connectors may be run as a single group, provided that all of the wiring in the group is pertinent to a single item, equipment,
or system.

Rationale: Individual wires in bundles larger than 2 inches in diameter are more difficult to find and access without excessive
disassembly. The potential issue of multiple system damage (in the instance of electrical arcing) and of maintaining the
correct bend radius are more difficult to address with larger wiring harnesses.

At the termination of large diameter harnesses, the use of high-density connectors may be necessary. Contact spacing
within high-density connectors is very close, and separating wire groups with spot ties can be cumbersome at connector
entry areas.

UAV Consideration: The bundling and groupings of wire harnesses is a common design practice and may not be in
compliance with this requirement. The limited space in the vehicle makes it difficult to separate harnesses from one another.
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3.10.2.1 High Density Harness Size

The number of wires in high density harnesses shall be limited only by efficient and good design. The use of wires larger
than size 16 is discouraged unless there are also smaller electrical wires in the same harness.

Rationale: High density harnesses are not typically serviceable in the aircraft and often require removal for servicing.
Because of their size and lack of flexibility, the removal of high density harnesses can be a difficult and time-consuming
task.

3.10.3 Inspection and Maintenance

In open wiring, groups shall be installed to permit replacement of the group without removal of the bundle. High density

harnesses shall be designed so that they are readily replaceable in sections.

Fiber optic cables shall |
acceptable method of 4
segments. Fiber optic ¢
and replacement of indi
not require disassembly
optic or to facilitate mairn

Rationale: Aircraft avails
Open wire harnesses re

an electrical harness may be necessary to accommodate system repairs or updates). The possibi

to other wiring in a harn

Open wiring groups typi
the connectoris a very i

High density harnesses
overall jacket, making r|
spares.

Fiber optic cables typically require the use of a light source and power meter for testing of indivia

deeper fault diagnosis i
any events within the of
links is available to conn

Fiber optic cables are ty
epoxy adhesive; this mg
facilitate removal of opti
splices, provide suitable

ssembly or repair, space shall be provided for installation, inspectioy,
bbles that are not repairable on the aircraft shall be installed in a magaer
idual segments or entire harness assemblies. Replacement of fiQerdptic g
of any riveted or bonded attachments. Conduits shall be used\Where n¢
tenance in inaccessible areas (refer to MIL-STD-1678).

bility is improved when changes and repairs can be madé on the aircraft \
duce the complexity of replacement and/or modification(replacement of ar

bss is reduced if the entire bundle need not be removed.
cally employ connector backshells which canbe disassembled for connect

mportant asset during wiring maintenanee:

bpair on the aircraft difficult. Replacement of such harnesses can be pad

5 required of an opticallink, an optical time domain reflectometer (OTDR
tical fiber core. VWhen routing fiber optic cables, it is important to ensure
ect any fiber optic-test equipment.

bically terminated using a controlled heat source to bond the fiber to the tern

cal cable assemblies or individual segments for repair or replacement. If r
space for the related splicing equipment.

approved splices are an

and testing of individual

which facilitates testing
ables or segments shall
pcessary to protect fiber

ithout harness removal.
individual wire group in
ity of incidental damage

br access; this access to

are typically replaceable in sections because they use thin-walled wire and are protected with an

ed by the availability of

ual optical links. Where
can be used to identify
hat access to the optical

hinus using an approved

y make.repairs on the aircraft impractical. The use of easily accessible terminated optical links can

epairable with approved

MIL-STD-1678 has significant information concerning the inspection and maintenance of fiber optic cable.

UAV Consideration: Maintenance activities are of less concern with UAV. UAV harnesses are more modular. Field repairs
are more limited and more likely to result in the replacement of harness.

3.10.4 Facility for Changes

When required by the procuring activity, the wiring for specified systems shall be installed so as to be readily removed and
wiring for new systems readily installed when system changes are undertaken. The installation of such wiring shall be such
that only the wiring and equipment related to the system have to be disturbed.

Rationale: Mission related systems (e.g., ferry kits) are sometimes employed briefly to accomplish specialized tasks. The
procuring activity can require that no other systems be affected by the installation or removal of such temporary systems.
An aircraft may be equipped with fixed provisions to provide electrical power and attachments to accommodate such
systems.


https://saenorm.com/api/?name=123e120d2bff4ce21aa839670e8f3021

SAE INTERNATIONAL AIR6808 ™A Page 34 of 83

When installing new wire (i.e., mod/upgrade), it is recommended that that all existing/installed affected plastic ties (zip ties)
be removed and replaced with A-A-52083 or A-A-52084 lacing tape/tie string. Doing so will prevent the practice of adding
new wires over existing zip ties which are likely to damage new wire installations.

UAV Consideration: Removable system cables are integrated into the main aircraft bundles due to space limitations and
provide for limited change capabilities. The need for system updates often will result in harness replacement.

3.10.5 Dead Ending

Each undesignated wire end shall be dead ended with AS25274 caps or with insulation in a manner acceptable to the
procuring activity. Dead ending shall take place within 4 to 6 inches of connectors or feedthrough bushings. All dead ended
wires shall be de-energized or disconnected at their power sources so as not to present a hazard to personnel and to
prevent accidental shorting of live circuits. Wires to be dead ended shall be due to a repair scenario or temporary stowage
and not part of a wiring modification. Wiring no longer required, due to a modification, shall be removed from the aircraft
when directed by the pr
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g system safety, and reduce the likelihood of energized wires ori.inactive

ble shall be routed to ensure reliability and to offer pfotection from the follg
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e risk of electrocution of
bircuits.

wing hazards:

rt circuit-related system

shutdowns, arcing-related fires, and/or other system failures. Equipment and wiring congesti
clearance inspection. Vipration-related harness migration can cause slack redistribution related ch

pn can impede bundle
afing.

The use of secondary harness chafe protection should be considered as a life-limited part and
maintenance inspections. The duration between each inspection should be based on environmg
system criticality and th¢ proximity to critical aircraft components (e.g., fuel tank) (see 3.9.3.3.6, 3.

be included as part of
ental factors, as well as
1.12, and 3.11.13).

a. Chafing as defined |n 2.3.4.

b. Use as handholds dr support for personakequipment.

c. Damage by personnel moving within the vehicle.

d. Damage by stowing| or shifting-ef cargo.

e. Damage by battery pr acid’fumes or fluids.

f.  Abrasion in wheel wellswhere-exposed-iorocksHcemud—sic-

g. Combat damage (to the maximum extent practicable).

h. Damage to wiring by moving parts.

i. Harsh environments such as SWAMP areas, high temperatures, or areas subject to significant fluid or fume
concentration.

j- Crushing, kinking, or stretching fiber optic cable. Precaution should be taken to prevent the cable from being accidentally
crushed, kinked, or stretched (refer to MIL-STD-1678).

k. Fiber optic cable should be routed and installed so as to avoid the application of axial, lateral, and torsion loads to the

cable and terminations (refer to MIL-STD-1678).


https://saenorm.com/api/?name=123e120d2bff4ce21aa839670e8f3021

SAE INTERNATIONAL AIR6808 ™A Page 35 of 83

I.  When installing fiber optic cables, additional support, routing techniques, and maintenance must be considered.
Methods of addressing these requirements shall be approved by the procuring activity (refer to MIL-STD-1678).

Wiring shall not be routed through equipment mounting bases.

Fiber optic cabling route shall be located so that optical fiber cables will not to be disturbed by disassembly or removal
of equipment (refer to MIL-STD-1678).

Rationale: Using bundles as handholds should be avoided as this can easily exceed pull strength of wiring terminations,
causing open circuits.

Cargo is likely to be thrown into aircraft during hurried operations. The incidental contact with wiring could exceed pull
strength of wiring terminations, cause chafing, or damage impedance-controlled signal cables causing signal attenuation.
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is clearance should allow for wire harness shifting during extended aircraff

buld be routed away from SWWAMP areas unless connected to componen
wire construction, high tensile strength conductor, and 22-gage minim
arnesses with extra jacketing and molded terminations can perform more
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operations.

ts in that area. Flexure,
Um wire size should be
 reliably under extreme

r terminations could degrade or interrupt signal strength causing system malfunction or shutdown.

s should be-away from maintenance activity and handling. Extra precautio
should be-taken during initial installation.

| be routed in protected areas with extra primary support or conduits and st
S ~likely to occur in congested areas or at bundle breakouts, will increas

ns in the form of support

ain relief type connector
e losses and should be

avoided. The typically rd

|lﬁng must take into cansideration that one cable ngmpnf will Iikply he sh

and carry most of the tensile loads.

prter than adjacent ones

Damage and fatigue to glass fiber or termination can increase system dB losses that can eventually prevent conversion to
a usable electronic signal. A comprehensive failure modes and effects analysis should be applied to cable routing and
construction, taking into account the long-term dB losses that can degrade system performance.

Swaying of shock mounted units could cause chafe damage and wire failure. In these areas, it is possible that wire
harnesses may interfere with the sway space clearance and cause premature failure of equipment. Wire harnesses should
be routed and supported to avoid such contact.

Equipment maintenance procedures should be taken into account so that units can be dismounted without displacing fiber
optic cables. Fiber optic cable routing should be away from maintenance activity and handling to the extent practicable.
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3.10.7 Slack in Wiring

In addition to slack provided for drip loops (see 3.11.8) slack shall be provided to meet the requirements of 3.10.7.1 through
3.10.7.5. Slack requirements shall be met on every production vehicle, as well as developmental models. In production wire
harness fabrication, provisions shall be incorporated into the harness design and fabrication process to ensure that the
installed harness meets these requirements without the need for straining, forcing, or modifying the harness.

Rationale: Insufficient slack can result in tension-related open or intermittent circuits at terminations as the stress on contacts
may cause electrical separation (for power circuits, this can lead to series arcing). Inadequate slack can also result in side
loading at connector grommets creating gaps for moisture entry, leading to shorting between connector terminations.
Disconnecting some equipment requires extra bundle length for dismounting and shifting the item sufficiently to access
connections.

3.10.7.1 Connector Termination
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replacement shall be prq
slack requirement shall
wiring will permit the frg
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Connectors terminating
re-termination slack req

For fiber optic cabling,
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nece;/and resistive heating. Inadequate slack could require replacement o
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h of extra slack shall be
f slack shall be equal to
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The wiring installation shall be designed to prevent strain on wires and electrical/optical cables, junctions, and supports.

Rationale: Strain on wiring and supports can lead to broken terminations, fracturing of support clamps, or abrasion of
wire/cable insulation against supports. Stress may also be induced on the “shield ground wires” during the process of
recovering the heat shrinkable tubing onto the harness.
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3.10.7.4 Free Movement

Wiring shall permit full extension of shock mounts and vibration isolators mounted on equipment.

Rationale: Shock mounts provide sensitive unit protection from damage during aircraft operations. Shock mounted units are
qualification tested to verify survival from vibration and specific shock loads. Premature equipment failure from vibration or
shock could result if the mount is restricted by wiring.

3.10.7.5 Wire Shifting

The wiring installation shall permit shifting of wiring and equipment necessary to perform maintenance within the vehicle.
Rationale: Insufficient slack could lead to wire strain or abrasion during aircraft maintenance. Maintenance-induced damage

could result in premature failure of wiring or equipment. Loosening or removal of primary supports can permit equipment

movement. The deSign pf-the-wire-harnesses-shouldnot ;Illpcdc stch-activities:

3.10.7.6  Wiring Pressyre Bulkhead

Consideration should b¢ given to wiring and bundle lengths to ensure enough slack grse€rvice lgops are designed in, so
that it allows for flexing, [expansion, and relative motion of structure and bulkheads.

Rationale: The introduction of composite airframes brought about flexible bulkheads. Since the wire bundles and bulkhead
connectors are attached/terminated at the bulkheads, their flexure needs to be a’design criteria. There is a need to account
for the motion of the bulkhead as the compartment may expand at altitude.er during cabin differential pressures.

3.10.8 Electromagneti¢ Compatibility

Electrical wiring, includipg RF and antenna cables, shall be routgif*so as to minimize electromagnétic interference (EMI) in
accordance with MIL-STD-464.

Rationale: EMI sources|can induce signals in sensitive wiring causing serious malfunctions such gs communication noise,
errant control surface movement, or external stores (release. Shielding of sensitive wiring can reduce sensitive system
vulnerability, but spacing between source and victimyis a major factor in preventing unwanted syst¢m malfunctions.

Test plans to assess ENll susceptibility should-consider environmental impacts such as vibration, femperature cycling, salt
spray, CS and RF testing, and lightning-induced effects.

UAV Consideration: RF [cables are separated as much as practical. These cables are sometimes bundled with main aircraft
bundles due to routing $pace limitations. When these scenarios occur, it is recommended that thg harness is segregated,
and RF cables are protgcted withnEMI sleeving.

3.10.9 Ignition

Flexible metallic conduit of a type specifically approved by the procuring activity shall be used for magneto cable circuits.
Magneto ground cables (except the induction vibrator output cable) shall not run through conduit or junction boxes
containing other electrical cables.

Rationale: Interference carried by magneto cables can disrupt radio, intercom, and other sensitive systems. Substantial
shielding of the source is required to ensure attenuation of magneto noise. Coupling of noise sources with sensitive systems
is generally proportional to proximity and to the length of parallel run.
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3.10.10 Compass Deviation

Electrical wiring and ground return paths shall be installed so as not to cause compass deviation. Each wire carrying direct
current in the area of compasses or the sensitive pickup elements of compasses shall have a corresponding ground return
wire twisted with it to neutralize the magnetic field.

Rationale: Compass systems are an essential navigation tool and must be accurate to avoid errant flight paths. Twisting
the ground return wire neutralizes any errant signal induced in the wiring, but this must extend to the circuit ground point to
be effective.

3.10.11 Lug Terminated Wires

Lug terminated wires shall be installed so as to reduce human error in assembly to adjacent terminals. In addition to code
identification, wiring shall be so routed and supported so as to reduce human error in assembly to adjacent terminals.
Fanning strips are prefegs Abexes afks-ground-studsand Fareas e space is not available.
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operation of rescue hoidt eables.

UAV Consideration: Pilot safety is not a concern with fully unmanned aircraft. However, inadvertent actuation of
electro-explosive systems, which can result in jettison of weapons, auxiliary fuel tanks, cargo hook loads, or guillotine
operation of rescue hoist cables, are a concern.

3.10.12.2 Electro-Explosive Subsystem Wiring (for Air Force Use)

All firing and control circuits system wiring within junction boxes shall be color coded with red stripes in accordance with
AMS-STD-595 color 11105.

Rationale: Separation of critical circuitry from other junction box wiring can be difficult in crowded enclosures such as junction
boxes. Distinctive color marking can be a significant asset in ensuring isolation of critical systems. Misconnection of circuitry
to adjacent wring could result in inadvertent discharge of weapons or separation of external stores.
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3.10.12.3 Sensitive Circuits

Fuel probe wiring shall be separated from power wiring throughout its entire length including at connectors, terminations,
and junction boxes.

Rationale: Fuel probes (fuel quantity indicator system [FQIS] sensors) measure capacitance between fuel tank probe
elements separated by varied fuel and air levels as a dielectric. Terminations to the probe are typically exposed to fuel within
the tank. Fuel quantity internal tank circuitry is designed to exclude energy levels greater than 0.02 mJ to prevent inadvertent
fuel ignition. (FAA AC 25.981-1D provides thorough guidance on fuel tank ignition protection.) A pin-to-pin short within
connectors or wire-to-wire short with other wiring in bundles could result in enough energy transfer to create arcs on probe
wiring.

Fuel tank vapor temperature and concentration levels should be considered as the susceptibility to fuel tank ignition may

change.

A means of assessing s|

See 3.11.12 and 3.11.1

usceptibility is available from the FAA at http://www.fire.tc.faa.gov/systeris

fueltank/FTFAM.stm.

B for additional information on fuel tank wiring.

UAV Consideration: Due to space limitations, it is common for the fuel system wiring to be routed w
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adjacent signal wiring.
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Ltdown of-multiple systems with the failure of a connector or electrical arci
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ith power system wiring.
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d with distribution circuit
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d at multiple component
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es size 10 or larger shall
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e limitations. The risk of
g scenario.

Wiring to each system \

thich must npnrn’rn to maintain fligh’r control of the vehicle under normal d

r emergency conditions

shall be separately routed from other wiring. Essential engine circuits shall have their wiring so routed as to prevent damage
to any circuit for one engine from affecting circuits of any other engine. Propeller circuits shall be routed separately from all
other circuits.

Rationale: Essential equipment and propeller circuits must operate properly for safe flight. Multiple engine aircraft are
designed to tolerate a single engine shutdown or malfunction but may not survive loss of a second engine. Wiring separation
is very challenging on aircraft with dense packaging of equipment and wiring. Physical separation of functions must be
planned at the earliest stages of design.

UAV Consideration: With the physical space limitations, this may not be possible with UAV applications. Where possible, a
physical barrier should segregate the essential equipment wiring from other circuits if routed in the same harness.
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3.10.14.1 Full Authority

Fly-by-Wire Systems

In addition to the related wire routing/separation and shielding requirements of 3.10.6, 3.10.8, 3.10.13, 3.10.14, 3.10.15,
and 3.14.6, the following provisions shall be incorporated:

a.

Channel separation: Each channel shall be routed in separate bundles that are distinctively marked throughout their

length to associates that bundle with a specific channel. Color coded harness jacketing material, closely spaced
color-coded identification sleeves or similar means may be used for this purpose.

Rationale: Failure of fly-by-wire wiring could cause complete loss of pilot control of the aircraft. The physical and
functional separation wire fly-by-wire system wiring can avoid the loss of multiple channels (which are typically
redundant), thereby preserving pilot control. The use of distinctive color coding of each channel is intended to ensure
critical separation and the handling of such wiring with extra care, during installation and maintenance.
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Rationale: Helicopters typically operate at higher vibration levels, have harder landings, and

controlled environn
needed. Wires spe
some aircraft zoned
exposure to multipld

Connectors and co
qualified for aerosp
rings. Connector ba
3.14.7 to avoid loos

| wiring: For helicopter wires having functions that can directly affect the fli
ht safety, those wires shall be size 20 minimum except that giz&/22 anneal
h twisted triples or with at least three other wires. Wires sh&l) be of a type
be in circuits where during a fire, maintenance of electrieaKintegrity is requir
vehicles, wires shall be per Appendix A.

ent than fixed wing aircraft. Special precautions to reduce the likelihoo
ified in Appendix A for maintaining electrical integrity during a fire can a
, particularly those near flammable fluidtlines, bundle spacing may not b
channels.

hnector accessories: Connectors\and accessories for use in such appli
bce applications. Threaded e@upling mated pairs of connectors shall emp
ckshells that do not includg€” self-locking coupling mechanisms shall be seg
Ening.

Rationale: In opera
degradation of the

exposure to environmental condition: It can result in the loss of the associated system. Self-lo
connectors are spedifically desighéed and are often selected for their resistance to moisture ingre

ion, the loosening'of connectors (e.g., through vibration) or unlocked a
rformance of the.interconnections during the lifecycle by mechanical stres

g for all other systems.

proved by the procuring

pht path of the aircraft or
ed copper wires may be
specified in Appendix A
ed for a limited time. For

are maintained in less
d of wire breakage are
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to function in severg¢ envitonments, are less susceptible to failure than other types, and are n
Self-locking coupling rings require substantial torque to un-mate and have the benefit of not re
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quiring a safety wire.

3.10.15 Redundant Circ

uits

Wiring to equipment performing duplicate functions shall be run in separate bundles with separate connectors to prevent
damage to one system from affecting the other. On aircraft that employ dual or multiple, e.g., MIL-STD-1553 multiplex data
bus systems, the redundant data bus cables shall be run in separate bundles and routed to prevent damage to one data
bus cable from affecting the operation of the other data bus or buses.

Rationale: Redundancy is designed to provide duplicate or backup for essential system functions. Failure of a data bus
cable can disable multiple units as a single data bus may support the functionality of multiple components. Such systems
are designed to time-share signals between multiple interacting units through separate couplers.

UAV Consideration: With the physical space limitations, this may not be possible with UAV applications. Where possible, a
physical barrier should segregate redundant circuit wiring from other circuits if routed in the same harness.
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3.10.16 High-Temperature Equipment

Wiring shall be separated from high-temperature equipment, such as resistors, exhaust stacks, heating ducts, and deicers
to prevent insulation deterioration.

Rationale: Floodlights, resistors, bleed air lines, heating ducts, etc., create high-temperature zones on and near unit
surfaces. Some equipment surfaces that rely on air flow increase in temperature after engine or aircraft shutdown when air
flow is discontinued.

3.10.17 Nacelle Wiring

Wiring in an engine nacelle, from the point of disconnection for removal of the engine, shall be interchangeable between all
engine installations having identical equipment and for the same series of vehicle. A means for positively ascertaining clamp
locations shall be provided for wiring that must be unclamped for engine removal. This shall be accomplished by
permanently attaching q i

Rationale: Consistency pf routing is critical to ensure safe/reliable performance in an engine’s severe vibration/temperature

environment. Positive cl
Harnesses routed near|
Mis-wiring of engine ac
having cushion material

3.10.18 Wiring in Bilges
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fessories could lead to undetected malfunctions and engine.shutdown. Cl
that is suitable for the environment are acceptable for nacelle wiring.

installed at least 6 inches from the centerline ofkthe aircraft except when 4
huired. Wire types susceptible to moisture degpadation shall not be used in

contain wiring for safety-related equipment such as anti-collision lig
ent. The moisture gathered in such locations can cause deterioration of s
shorts for unprotected wires.

I Accessories
engine mounted accegsories, wire smaller than size 20 shall not be used.
-strength alloy condygtor and when terminated in connectors, the connec

rminations. The wires/shall be adequately grouped, spot tied, and supportd

nment includes‘substantial heat, vibration, and fluids, which present a chal
bn supportis.required to avoid failures. Harnesses routed in this area with

molded strain relief at connectars.can improve reliability.

3.10.20 Wheel Well Are

05

er repairs/modifications.
than typical harnesses.
amps such as AS21919

ttachment to equipment
bilges.

hts, landing gear, and
ome wire constructions

When size 20 wires are
or shall provide support
d.

enge to wiring reliability.
protective jacketing and

Conduit or other protection shall be provided for all wiring in wheel well areas. Flexible tubing, abrasion resistant tape, or
braided outer jackets are acceptable for use where wiring is properly supported. When tubing is used, drainage holes shall
be provided at all trap points and at the lowest point between each sup of support clamps. Taping shall be in accordance
with 3.11.6. Wire types susceptible to moisture degradation shall not be used in wheel well areas.

Rationale: Wiring in the wheel well is exposed to some of the most severe conditions on the aircraft. Wire harnesses in
landing gear areas must be protected from contact with foreign objects that may be thrown into the wheel well during takeoff
or landing.

Wheel well wiring is likely to be subjected to and must be protected from high wind loads.
Landing gear design often requires attached harnesses to be flexed repeatedly, which can apply strain at terminations.

Landing gear wiring often includes extend and retract actuation, limit switches/proximity sensors, and cockpit indication, all
of which are essential to safety.
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3.10.21 Slide Mounted Equipment

When connecting wires or electrical/optical cables to slide mounted equipment, sufficient slack shall be provided to permit
the slide mounted equipment to slide in and out without damage and permit unmating of the connectors.

Rationale: Wire bundles that have extra slack and are displaced during slide equipment movement need to be protected
from potential strain and abrasion. Without the additional slack, it is likely that the wiring will be damaged during routine

maintenance activities. The engagement length for mating and unmating of connectors must be considered.

3.10.22 Airborne Equipment Cable Assembly

Wiring and wiring devices utilized to make up airborne equipment cable assemblies are to comply with the requirements

herein.

3.11

Protection and S

Wiring shall be supports
a. Prevent chafing as
Rationale: Thousan

on aircraft. Wire har
short circuit failure d

Rationale: Abrasion
maintain positive sp
to wire-to-ground or
Properly group, sup

Rationale: Contact
junction boxes, care

Prevent mechanical

Rationale: Lack of
open circuit failures

Prevent arcing or
equipment.

Secure wiring wherg¢ routed through bulkheads and structural members.

pport

d to meet the following requirements:

lefined in 2.3.4.

s of opportunities exist for wiring contact with structure and‘equipment and

hess support prevents abrasion, cut through, and other-forms of insulation
f aircraft systems.

failures can occur over time due to vibration and rubbing contact unle
acing. Preload on grommets or contact with structure can cause insulation
wire-to-wire short circuits.

port, and route wiring in junction boxes, panels, and bundles.

with components and enclosure surfaces can lead to abrasion or termin
must be taken to separate feeders from control wiring.

strain or work hardering that would tend to break the conductors, optical f

yire harness-support can lead to wire breakage or termination damage, re|
Strain onoptical cables can result in micro-cracks which cause transmiss

bverhegted wiring from causing damage to mechanical control cables

for other wiring damage
damage that can lead to

5s wiring is clamped to
damage which can lead

btion damage. In power

bers, and connections.

sulting in short circuit or
on losses.

pand associated moving

Rationale: Proper w

ire rating and maintaining positive clearance can avoid arcing failures.

Facilitate reassembly to equipment terminal boards.

Rationale: Crossed connections can cause serious system malfunctions. Lengths should be arranged to avoid errant
connections. Careful application of cable ties can help to prevent misconnecting.

Prevent interference between wiring and other equipment.

Rationale: Physical interference with equipment will typically abrades insulation until short circuiting to equipment cases
or between adjacent wires occurs.
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Provide support for wiring to prevent excessive movement in areas of high vibration (see 6.12).

Rationale: Vibration-related shifting of bundles can cause chafing and strain terminations. Errant distribution of slack
will occur if the primary support clamps are not properly fitted or secured. Clamp fillers should be used to preclude axial

bundle movement.

Dress the wiring at connectors and terminating devices in the direction of the run without deformation of grommet seals.

Rationale: Grommet seals can be opened if wiring is routed sharply away from connector centerline axis. Grommet
openings can allow moisture ingress, which can lead to corrosion or short circuits. Adapters, wire guides, clamps,
potting, or other means are approved means of dressing wires.

3.11.1 Primary Support

Primary support of wirin
AS23190 and AS21919
any aircraft structure, cl

ball L idad b ol | 1 Al ] EH [ L 244
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specification. Open wiring contained in troughs, ducts, or conduits is exempt from this reguicemen

other than round shall b
used to support rigid por
of wiring shall not be attd
(refer to MIL-STD-1678
bonding and grounding

clamp selection and insf

e shaped to fit the contour of the harness and shall provide a sgudg fit. Plg
tions of harnesses. Use of plastic cable straps as primary suppo#t is prohibi
ched to adjacent wiring. Only metal clamps with cushions,siall be used to 4
. Primary wire support clamps and fasteners used in si{rlctural applicatio
connections. The AS5117 clip shall not be used to syppert electrical wire h
allation guidance, refer to ARP1897.

Rationale: Lack of wiringg support or improper clamp fit can lead to chafing, wire breakage, or termi

in short circuit or open

with approved tape mat
cables could be damagd
under extreme environmn

Circuit failures. The primary support clamp ‘snug fit can be ensured by inc
brial until the wire harness does not slidethrough the clamp under slight a
d if supported with distortion by cushienéd clamps. Other support devices
ent conditions. Plastic cable straps,-which are prohibited as primary support

adequate reliability. Cufrently, 3.11.1 only permits clamps-per AS23190 or MS21919. Reference

guidance concerning cla

UAYV Consideration: The
serviceability should stil

3.11.1.1 Plastic Clamp
Plastic cable clamps in
metal cushion type. Thd
diameter shall be a me
avoided unless the instg

mp selection and installation.

be considered in selection.

[

hccordangewith AS23190 may be used on horizontal wiring runs provideqg
 first clamyp’ immediately adjacent to wiring terminations for wire bundles
al cuShjon clamp. The use of plastic cable clamps on other than horizo
llatigfris such that slack cannot accumulate between clamping points, and

shall be a metal cushion

.1.1) in accordance with
buted through cutouts in
ing requirements of this
t. Clamps for harnesses
stic clamps shall not be
ed. The primary support
upport fiber optic cables
hs shall not be used for
arnesses. For additional

hation damage resulting
easing bundle diameter
ial pressure. Fiber optic
have not proven reliable
, have not demonstrated
ARP1897 for additional

e use of plastic clamps_is common to reduce space and weight impact. When doing so, sizing and

every fourth clamp is a
greater than 0.125-inch
ptal wiring runs shall be
then every fourth clamp

twee. Any clamp that incorporates a plastic strap is prohibited

Rationale: Cushioned clamps are more effective in preventing axial bundle displacement. The proper fit of the cushioned
clamp prevents possible chafe damage and wire or termination breakage as distributed pressure is placed on the wire
harness. Plastic clamps without a cushion can allow vertical bundles to slide out of position under vibration, which can lead
to chafe damage or wire breakage.

It is important to note that a wire harness diameter can actually decrease slightly in service, depending on the lay of
component wires and cable tie fit.
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3.11.1.2 Clamp Size

Primary supporting devices shall be of the size which holds the wiring in place without damaging the wire insulation or
degrading the performance of optical or RF cables. If called out clamp size is too large to properly grip the harness and the
next size smaller would crush the harness, tape types in accordance with 3.11.2.3 may be used to provide a proper fit in
the larger clamp or as fillers under the larger clamp. Build up with tape only to the point that the clamp provides grip.

Rationale: Primary support clamp snug fit shall be ensured by increasing the bundle diameter with approved tape material
until the bundle does not slide through clamp under slight axial pressure. The use of non-approved tape or cord is not
recommended as it does not provide adequate support.

The clamp sizing is critical for both RF and optical cables. The dielectric layer of RF cables is designed for a particular shape
and thickness, and RF signal losses can occur if the clamp fit is too tight. Optical cables in bundles could be distorted by
overtightened clamps, causing dB loss increase.

3.11.1.3 Support at Cdnnectors

Wiring terminating at plygs shall be supported to dress the wiring in the direction of the ryf his ay be accomplished by
adapters, clamps, potting, wire guides, or other means acceptable to the procuring activity:

Rationale: If wiring exiting a plug makes an immediate sharp bend, the side loading'of wires can create strain on wires and
terminations and can capse distortion of the connector rear grommet, allowing moisture ingress. Adapters and other means
of securing bundles should be employed to prevent strain on terminations.

3.11.1.4 Metal Cushiop Clamps

When metal cushion clamps are used for primary support, their physjical properties shall be compdtible with the installation
environment. Cushion fompounds are formulated to meet sgecific requirements and may npt be suitable in other
applications.

Rationale: The environmental conditions vary significantly within an aircraft. If not selected with physical properties
compatible with their ingtallation environment, clamp.metal straps and cushions can be degraded py fluids, heat, UV light,
etc. Damage to clamp sfraps or cushions can cause jproken wires or short circuits.

3.11.1.5 Adhesive Molinted or Bonded Harfsess Supports/Studs

Mechanically attached s$upports and studs’are the preferred wiring support method. For U.S. military aircraft, the use of
adhesive mounted harness support/stges shall be avoided in conjunction with flight critical wirind, power carrying wiring,
areas of frequent crew/maintainer~gdccess, and areas with high vibration and temperature extremes. Positive separation
shall be maintained between supported wiring and fluid carrying lines. Install areas should be i} areas that are visually
inspectable for periodic [nspe&tion and readily accessible for repair. Usage of these devices requirgs procurement authority
approval. It is recommengdedthat every fourth support/stud be mechanically attached to structurT. Guidance on use and
installation of adhesive maunted supports is given in ARPG881 (see 6 12)

Rationale: Adhesively mounted or bonded harness supports are a necessity in applications with composite structures. The
limitation on their employment comes from the risk of one or more becoming dislodged, thus allowing the harness primary
support to fail. Critical safety concern is when high energy wiring harness can potentially chafe against a fuel or hydraulic
fluid tube. This risk is mitigated by designating a proper amount of metal cushioned clamps in order to provide support for
the wire harnesses. ARP6881 provides pivotal installation, tools, and inspection processes for the adhesive types of support
mounts.

3.11.2 Secondary Support

Secondary support of wiring harnesses, bundles, or groups (support between primary supports) shall be provided by devices
selected from 3.11.2.1 through 3.11.2.5. Lacing shall be placed as secondary support at spacing no greater than 6 inches.
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3.11.2.1 Harness Lacing Tape

Tying tapes shall be in accordance with A-A-52080, A-A-52081, A-A-52082, A-A-52083, A-A-52084, or MIL-DTL-32554
(see 3.11.2.5). The physical properties of the tapes must be compatible with the installation environment. Use of tying tapes
shall be in accordance with types, finish, and sizes as defined in 3.11.2.1.1 on aircraft intended for military procurement or
use.

Rationale: Lacing tapes of these general types fit in the component item descriptions best aligned with aviation and
equipment. Note that not all of these types cited conform to the strict EWIS performance requirements (e.g., vibration
performance/knot retention and flammability).

3.11.2.1.1 Harness Lacing Tapes for U.S. Military Applications

For U.S. military applications, the A-A-52084 Aramid Finish C (sizes 2 or 3) and A-A-52083 Glass Finish C (size 3) tapes

and MIL-DTL-32554 (sep-3-++25)shatb A_A_E2NQ2 Cloce

with the additional Finig
requiring low reflectivity
A-A-52084-C2-BLK).

Rationale: These two ty
aerospace requirements
ones offering suitable k
two types required redu
are visually different thg
rating and thus conform
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break-out, g
support in p

Rationale: The reason f
high density of wiring ar

3.11.2.1.3 Tying tapes
boxes. This

Rationale: Circuit break
secondary support (spg
1 inch to the connector
sealing grommet. Wher{
connector. Fluids inside
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pes of lacing tapes, with the associated size and finish, were deémed as th
. Sizes 2 and 3 are the mid-range width and tensile strength, while finish
hot retention performance and flame-retardant charactetistics. Limiting the
ce the logistic requirement, allow for inspection, and-assure conformance
n other types. The temperature rating of these two.types aligns with the h
5 to the most stringent system requirement.

shall be tied using a clove hitch knot foopwed by a separate square |
nd special applications defined on Engingering drawings. Tying tapes shall
anels and junction boxes at a spacing\¥é greater than 1-1/2 inches.

or higher frequency of ties inside ‘ajunction box when compared to the re
d breakouts inside the panels(

shall not be placed within 1 inch of the back of connector as secondary supy
is to prevent undue _sttgss on the contact crimp terminations.

er panels and junction boxes have typically a high density of wires ang
t ties) for suitable routing and security to prevent chafing. Having spot t
termination.éompresses the wires and applies undue stress on the conne
compressed, the sealing grommet may not fully seal the wire cavity, all
the connector may lead to shorting out the circuit and system failure.

Firijsh C (size 3) or Finish D

applications. For areas
or 3) BLACK (example:

b ones meeting the strict
s C and D are the only
scope ensured that the
to requirement, as they
ighest wire temperature

not except for harness
be placed as secondary

st of EWIS is due to the

ortin panel and junction

bundles which require
es installed closer than
ctor or terminal junction
bwing fluids to enter the

3.11.2.2 Plastic cable

btraps in accordance with AS23190 installed with tools in accordance with

MS90387. Use of plastic

cable straps as secondary support shall not be permitted on aircraft intended for military procurement or use.

Rationale: The USAF and Navy have had many problems with broken wire harness plastic tie wraps from aging and
collateral wiring damage from the plastic edges. NAVAIR gave a detailed presentation on problems with plastic tie wraps,
and this issue was discussed and voted upon over several AE-8A committee meetings. Lacing ties would be the expected
replacement for the plastic tie wraps. If this is unacceptable, AS50881 can always be tailored with the approval of the
procuring activity. SAE continues to allow the use of plastic tie wraps using the same provisions found in Revision C for
civilian aircraft. AS50881 Revision C was the last revision to allow the use of plastic tie wraps for secondary securing
devices.
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The reason for this restriction on plastic cable straps has to do with wire chafing and foreign object damage (FOD) when

the straps fail/break.

1.

Plastic straps, over time, become brittle and break, allowing harnesses to sag without the intended support and create

chafing conditions. In addition to environmental effects and aircraft dynamics, maintainers will often push and pull wiring
during repair and maintenance operations of equipment and while gaining access to facilitate other maintenance. A
series of additional breakages can easily happen when several straps in a row break.

Broken straps become an FOD problem in and around mechanical linkages.

Even though previous revisions of MIL-W-5088 and AS50881 have allowed use of plastic straps with restrictions, in

reality, there is a widespread abuse of them. They are fast and easy to use. We have found the “if one is good, ten are
better anywhere and everywhere” philosophy being applied too many times. All the restrictions were being ignored.

Many procurement pro
for new installations.
restoration, lacing tape/

UAV Consideration: Th{
operational environmen

3.11.2.3 Insulation Taf
Insulation Tape shall bg
protected harness (see

Rationale: Standardizat
logistic requirements. A
down in the military oper
to fail, resulting in splay
Beeswax cord, plastic g
aircraft environment.

3.11.2.4 Deleted
3.11.2.5 Cable Lacing

Cable lacing fastener (
compatible with the inst

To reduce the possipih

rams prohibit use of plastic straps in mod and production programs(Ne p
hen wiring maintenance is done, the affected wiring shall be-Secureg
ie string (A-A-52084 or A-A-52083) should be installed.

p use of plastic cable straps is common to reduce space and weight imp
should be considered for part selection.

e

in accordance with 3.11.3.9 or 3.11.6.1 and @ay be used for additional
P.3.20).

on of types of tapes is necessary to\better align with the application env
bproved tying materials in AS50884, 3.11.2.1 through 3.11.2.3 have been
ational and maintenance environment. Environmental degradation can cau

able straps, or other nonfapproved tying materials do not provide reliabl

Fastener (CLRNSystem Usage

CLF) shallbe in accordance with MIL-DTL-32554. The physical propertie
hllatio’ environment (see 6.13).

astic straps are allowed
with string ties. Upon

hct. When doing so, the

brotective covering for a

ironment and to reduce
fested and do not break
e unapproved materials

ing of individual wires. This-splaying can cause chafing or other wire damage and circuit failure.

e support in the military

s of the tapes must be

3.11.2.5.1 CLF shallb

3.11.2.5.2 Use of CLF
3.11.2.5.3

3.11.2.54

imStalled with MIL_DTI 32555 togls,

is for general EWIS applications and same environment as A-A-52084.

1-1/2 inches.

3.11.2.55
boxes. This

3.11.25.6

is to prevent undue stress on the contact crimp terminations.

and optical cables (see 3.11.3.10.3), so long as the provision of 3.11.5 are met.

When installed with three wraps, CLF may be used as secondary support in fuel exposure areas.

CLF shall be placed as secondary support in panels and junction boxes at a spacing no greater than

CLF shall not be placed within 1 inch of the back of connector as secondary support in panel and junction

When installed with three wraps, CLF may be used for tying bundles containing RF cables with solid dielectric

Rationale: The CLF system is a new technology that can supplement lacing tape application. The CLF shall be used
according to manufacturer’s instructions and shall comply with the requirements for lacing tape.
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3.11.3 Limitations on Support

3.11.31

Continuous lacing shall not be used except in panels and junction boxes where this practice is optional.

Rationale: The use continuous lacing is not recommended as it interferes with maintainability an access to the wire harness.

3.11.3.2 Deleted

3.11.3.3 The use of insulating sleeving for the protection of wiring shall be kept to a minimum. Provisions shall be included
to eliminate the possibility of entrapment of liquids.

Rationale: Insulating sleeve can trap liquids and their use is not recommended. When insulating sleeves are used, a means

to prevent fluid accumul

ation is required (e.g., drain holes in sleeving).

3.11.3.4 Deleted
3.11.3.5 Wiring shall n

Rationale: The practice]

bt be tied or fastened together in conduit or insulation sleeving.

of tying wires together in a sleeve or conduit impairs maintenance act

removal of individual wires.

3.11.3.6 Electrical/opti
mounts.

Rationale: Interfering wi
3.11.3.7 Tape or cord

Rationale: Tape and co
primary support (see 3.

3.11.3.8 Plastic Cable
Plastic cable straps sha

Rationale: The restrictio
straps turn brittle and br
and it induces a chafe s
of damaging the wires if
about 10X heavier than
are only rated to 105 °(
colors available from m

Cal cable supports shall not restrict the wiring in such matiner as to interferg

h the free movement of shock-mounted units can-Cause premature vibrati
hall not be used for primary support.

d do not have adequate strength to support wire bundles. The use of clan

11.1).

Straps Usage Restriction

I not be used in areas yvhen the restrictions of 3.11.3.8.1 through 3.11.3.8.
n of nylon plasticsself-clinching straps (zip ties) stems from numerous filed
bot on adjacent structure, wire bundles, and fluid carrying tubes. The strap

acing tape and require a specialized tool to correctly set the correct tensio
and‘dre not flame retardant, and the normal ones are limited to no UV ¢

vities and prevents the

with operation of shock

bn and shock failures.

hps is recommended for

8 apply.

reports citing the Nylon

pak in service, ereating an FOD potential. The strap’s locking tab/head is larige and square in shape,

5 also have the potential

overtightened (particularly in fiber optic and coaxial cable installations). Funthermore, the straps are

h/installation. The straps
Xposure. The numerous
nvention. The UV-black

bny.sources confuse the users and do not conform to the natural/black cg

4| nd e mndueca opwirac in tha hnnrlln So otr daci

straps are extremely bri

a“n an chafina n ma N anc h
oot Ce-CHarmm g O wir e e oot Ome—Stap uuuusnu T

/e the serrated teeth on

\'

the inner surface, abrading the wires. Safety, performance, durability, and collateral damage are the key reasons for
prohibiting the plastic straps from military designs/applications.

3.11.3.8.1 Where the t

otal temperature (ambient plus rise) exceeds 85 °C (185 °F).

Rationale: Strap materials eventually fail at temperatures above 85 °C.

3.11.3.8.2 Where failure of the strap would permit movement of the wiring against parts which could damage insulation or

allow wiring

to foul mechanical linkages.

Rationale: Wire harness contact with parts can abrade with wire insulation. Broken straps become an FOD problem in and
around mechanical linkages.

3.11.3.8.3 Where failure could permit the strap to fall into moving mechanical parts.

Rationale: Broken strap sections can jam mechanical parts such as flight control pushrods or linkages, affecting flight safety.
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3.11.3.8.4

In high vibration areas (see 6.12).

Rationale: Fatigue strength of straps may not be adequate for extended periods. If straps are used in vibration areas, data
must be provided to show the long-term part reliability and/or support a planned inspection/replacement program.

UAV Consideration: The use of plastic cable straps is common to reduce space and weight impact. When doing so, the
operational environment should be considered for part selection.

3.11.3.85
folds, umbili

cal or other areas specified in the detail specification or contract.

In areas of severe wing and moisture problem areas (SWAMP), such as wheel wells, near wing flaps, wing

Rationale: Plastic straps do not have adequate strength or environmental resistance to support the weight of wire bundles
when exposed to SWAMP conditions.

3.11.3.8.6 Where expq

ot Lol

Rationale: Not all strapg
3.11.3.8.7 To tie wires

Rationale: If tied into a
straps available with sm|

3.11.3.8.8 Whentheb
Rationale: Fiber optic c4

3.11.3.9 Silicone Adhe

Silicone adhesive polytgtrafluoroethylene (PTFE) Type 1 tape in accordance with A-A-59474 ma
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mechanical protection i
conditions. Alternate ta
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electrical cables, groups, or harnesses within bundles.

bundle, their raised sharp surfaces will abrade insulation ‘on adjacent wi
oothed edges to reduce the stress of wires.

Lindle contains any fiber optics cable (refer to MILsSTD-1678).
bles can be subjected to crushing effects leading to increased optical link |
sive Polytetrafluoroethylene (PTFE) Tape

N bundles together to provide.a proper fit or as additional electrical prot
5 needed (see 3.11.6.1). Thelehoice of tape must take into consideratio

exposure.

res. There are currently

psses or fiber breakage.

be used as secondary
ection. When additional
h temperature and fluid

be types may be considered if the characteristics of the tape specified cannot fulfill the intended

5 that absorb moisture Qr'have volatile plasticizers that produce chemical rg

sure proper clamp-fit, the wire bundle can be built up with Type 1 A-A-594
der slight hand-pressure. Not all tapes are the same, and the tape selecti
hvironmental conditions. Additional mechanical protection can be provided
self-adhering unsupported silicone tape wraps per AS50881 3.11.6
rms_of deterioration can expose wiring to abrasion damage. PTFE tape
conditions. Alternate tape types may be used if the characteristics of tapg

actions with other wiring

74 tape so that it cannot
pn and application must
in severe environmental
1. Environment-related
has excellent insulating
bs specified cannot fulfill

the intended application

3.11.3.10 Cable Lacing

Fastener (CLF) System Usage Restriction

CLF shall not be used in areas when the restriction of 3.11.3.10.1 through 3.11.3.10.3 apply:

3.11.3.10.1 Where failure would permit the strap to fall into moving mechanical parts.

3.11.3.10.2 To provide secondary support to wire, electrical cables, groups, or harnesses within bundles where CLF
fastener may impose damage to adjacent wires or cables where supported would be on top of another fastener.

3.11.3.10.3 Where the bundle contains a fiber optic cable unless approved by the procuring activity and the cable is
conducive to its usage.

Rationale: The CLF system is a new technology that can supplement lacing tape application. The CLF shall be used
according to manufacturer’s instructions. This section is expressing a particular concern with failure of the CLF and resulting
FOD that can occur with the strap and buckle.
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3.11.4 Anti-Chafing Provision

Chafing shall be prevented by routing and clamping bundles to prevent contact with equipment and structure. Spiral wrap
and other chafe guard materials shall not be used in lieu of primary supports for separation from equipment and structure.
Wiring inside slip on, loose braid sock, or otherwise metal braided shielded harnesses shall be protected from chafing on
the braid sock (EMI backshell) or shield. Protection shall be accomplished by using AS60491, AS23053 material or a 25%
overlap of A-A59474 tape. Any protection must extend the full length of slip on or braid sock. Metal braided or shielded
harnesses shall have a protective external nonmetallic covering, except for fire zone areas where it is optional.

Rationale: Chafing is the most common failure mode on air vehicle wiring. Chafing from relative motion and rubbing contact
abrades insulation, eventually leading to short circuiting of wiring to adjacent structure or wires. The metal braid used to
provide shielding or mechanical protection on a protected harness can cause chafing of adjacent wiring and can even
damage equipment if there is contact between the two items. Internal chafing of wires in such harnesses is typically
prevented by a “barrier layer” between the wire bundle and the outer braid. The barrier Iayer for machine braid is often the

reverse application of m
bundle flexibility is imprd
weight wire construction
or shifting of its wraps n

Wire harnesses should
removal or installation.

UAV Consideration: Wh
from equipment and stry
Wire harnesses in areag
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dges is less than 3/8«ach (0.375 inch) apart. The grommets shall be secur
Hetermined by the( grommet characteristics described in the componer
n. When moupted’in feed through holes (cutouts), the remaining openin
lip) in edge geammets shall be no wider than 1/16 inch (0.063 inch). The
Il be placedqm such a manner that, if the wiring comes in contact with the
located away from the wire pressure direction. Edge grommets shall be {
cturefhjckness) ranges and geometric configuration (flat versus flanged o
tionPNASM22529 cushioned metal edge grommets shall not be used on ho

in diameter.

ing tape overlap to 25%,
tion to the thin wall/light
rily, but wearing through
ding items.

mage during equipment

y be used for separation
due to space limitations.
dary protection material

bry or secondary means
acent to the hole in the
nch). If harness routing

bction through the hole thefi primary support is required on both sides, unlgss 3/8 inch (0.375 inch)

on between wiring and
bly fastened. The choice
t specification and the
g (split or gap between
split shall be a diagonal
grommet, the split shall
elected to conform with
I beaded hole) specified
es smaller than 2 inches

Rationale: Grommets play a vital role in preventing chafe damage where wiring passes through holes or is located in close
proximity to structure. Positive clearance is preferred to avoid wire damage. Edge grommets shall be selected to conform
with the structure thickness and of material suitable for the application and environment. Edge grommets shall be selected
to conform to the structure thickness ranges and geometry specified in their specification. Improperly installed grommets
can result in direct wire contact with structure or with sharp edges of split section of grommet. Grommets must be securely
fastened so that they will not be displaced during bundle installation or aircraft operation. Minimum clearance from wire
harness to grommet (1/8 inch) was defined and added minimum limitation to 1/6 inch if the harness is secured with a primary
support clamp at the lightning hole in the bulkhead. The rationale is that the harness, once securely fastened to the airframe
structure with a cushioned metal clamp, will not move or chafe against the bulkhead. The further clarification, in the event
that the harness changes direction on the other side of the bulkhead, the requirement for another clamp was added. Any
change in harness direction was left undefined, as with the minimum grommet to harness clearance of 1/16 inch, there is
no room for error or chafe potential.
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UAV Consideration: Where possible, P-clamps are utilized for separation from equipment and structure. It is possible that
in some areas physical separation is not possible due to space limitations. Wire harnesses in areas where physical
separation is not possible should be protected with secondary protection material and should be identified for regular
inspection.

3.11.4.2 Metallic Shielded/Braided Protected Harnesses

Where a separator/binder layer is used, the tape must be of a fungus-resistant material with a temperature rating equivalent
to, or higher than, the cable rating down the entire length of the harness. Non adhesive backed tapes shall be installed
using a minimum 50% overlap to increase harness flexibility and reduce weight. A 25% overlap may be employed when
using an adhesive backed tape such as A-A-59474.

Rationale: The material used for separation between the wire bundle and metal-overbraid should exhibit similar performance

characteristics as the wi

re bundle.

3.11.5 Special Cable §

Support of individual op|
additional requirements

a. Both primary and s¢g

minimum required t
b. Pressure shall be e
c. The support deviceq
d. Lacing tape as spec

Selection of the tapé and installation shall meet the requirétments of 3.11.5 (a), (b) and (c), exc

straps may be used
shall be installed wi
that the requiremen

Rationale: RF and opti
clamping/support practi

upport

tical or RF cables and of bundles containing optical or RF cableg.3ball be
condary support devices shall be installed so as not to exer{ greater pressy
b prevent slipping.

enly distributed around bundles containing cablesyor around the cable if i
shall not deform the cables so that the chara@leristics of the cables are d
fiedin 3.11.2.1 (see 3.11.2.5.6 for CLF usage) shall be used for tying bundl
when approved (see 3.11.2.2) forying bundles containing RF cables with
h tools in accordance with AS90387. The tension adjustment on the AS9
of 3.11.5 (a) is met (see 3.31(38.8 for optical cables).

cal cables are susceptible to damage from routine maintenance actions
Les.

ther of primary.or-secondary support is likely to crush RF cable dielectric
RF signal.

n deform\RF cable dielectric layer causing RF losses and reflection of RF

deform RF cable dielectric layer causing RF losses and reflection of RF s

subject to the following

re on the cable than the

hdividually supported.
pgraded.

bs containing RF cables.
bpt that AS23190 plastic

solid dielectrics. Straps
387 tool shall be set so

and, in particular, poor

ayer causing RF losses

signal.

gnal.

a. Overtightening of ei

and reflection of the
b. Uneven pressure cg
c. Uneven support car
d.

Cable damage may not be apparent during inspection of the cable exterior jacket or with a dielectric withstand test. The

location of the damage may only be detectable with use of a TDR and appropriate profile data defining acceptable cable
performance limits. Improper clamping of optical cable can likewise cause damage by fracture of the glass fiber or
making sharp bends, which can create excessive dB losses. An OTDR is needed to measure such losses and locate

the fault or source.

UAV Consideration: With the physical space limitations, the specialized support for optical/RF cables may not be possible
with UAV applications, and these cables may be routed with other power and signal cables. Care should be taken to ensure
that the installed harness is not placed under stress that may impact optical/RF signal strength.
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3.11.6 General Purpose Protection and Support Hardware
The following items may be used for the protection and support of wiring and related equipment.

3.11.6.1 Tape Protection

Self-adhering unsupported silicone tape in accordance with A-A-59163 may be used to wrap around wires or bundles for
additional protection, such as in wheel wells. The tapes shall be applied so that overlapping layers shed liquids and shall
be provided with drainage holes at all trap points and at each low point between clamps. The tape shall have the ends tied
or otherwise suitably secured to prevent unwinding. When alternate tapes are considered (see 3.11.3.9 for guidance).

Rationale: Landing gear wells on some aircraft have wire bundles routed through them that can be subject to high wind
loads, flexing, high vibration, and contact with foreign objects. A-A-59163 silicone tape can improve environmental stress
resistance. Moisture entrapment can lead to insulation deterioration or W|re-to-W|re shortlng |f any adjacent wire insulation
discontinuities exist. Altheugh-s A-sel-adhering itendedtoremain-securedHrposiion xtended exposure to the

uuyl T OIIIUUI ol aul ern IH tapc o ;I noeriucu ituiroriiaiir oovuul Ud LLILJ FUOILIUI Ty
environment or foreign materials inadvertently deposited on its surfaces can cause unravelling if it not secured to the wire
harness.

3.11.6.2 Insulating Slepving for Uninsulated Terminal Lugs and Splices
Unless pre-insulated splices and terminal lugs are used, they shall be protected witRinsulation slegving. The sleeving shall
cover the splices or terninal barrels and at least 0.5 inch of the adjacent wire ipsilation. Sleeving temperature ratings shall

be compatible with the temperature service requirements in the area where #jey’are installed.

Rationale: To establish 4
for estimating conductd
temperature rated, qual

3.11.6.2.1 Insulating §

Heat shrinkable insulating sleeving shall conform to AS23853 or MIL-PRF-46846.

Rationale: Both AS2305

shrink. Selecting heat slrink from these two specifications assures performance, reliability, and co

3.11.6.2.2 Insulating §

Insulation sleeving shal
shall be tied securely in

Rationale: Size selecti
heat-recovered. For nor

requirement to environmentally seal unsealed splices and terminals, as we
r temperature in order to determine what_témperature rated sleeve to
fied AS23053 heat shrink is the /12, which isirated to a maximum of 250 °(

leeving, Heat Shrinkable

3 and MIL-PRF-46846 offerja wide range of materials, configurations, ang

leeving, Non-Heat Shrinkable

conform to ARE-1-631 or MIL-I-3190. PVC material is not approved. Non-
place.

bn of\heat shrinkable sleeving should allow for a snug fit in the desi

Il as to provide a method
use. Note the highest

-
.

sizes of approved heat
nfiguration.

heat shrinkable sleeving

red location when fully

-shrinkable tubing, if tubing is not secured, it can slide along wire exposin

g the area it is intended

to protect and may be

come-EQD. PV/C s prnhihifnd because of its low h:\mpnrnhlrn rnﬁng (

hydrochloric gas when burning and forming hydrochloric acid, which is hazardous and corrosive.

3.11.6.3 Terminal Nipples

05 °C) and outgassing

A-A-59178 terminal nipples shall be used to protect overall insulation and for protection on terminal lugs and studs where
termination covers or potting is not employed.

Rationale: Stud terminations that do not have a terminal cover are subject to shorting. Nipples can provide shock hazard
and shorting protection to both terminal lug and stud. A-A-59178 terminal nipples shall be sized to fit terminal lug and stud
extension to avoid sliding off.
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3.11.6.4 Grommets

Edge grommets shall be in accordance with NASM21266 or NASM22529/2. The NASM21266 grommet shall be
permanently bonded. Ring grommets shall be in accordance with NASM3036.

Rationale: Use of unapproved edge or ring grommets could result in improper fit on material thickness or degradation when
exposed to heat or fluids. NASMS21266 “caterpillar” type edge grommets may be subject to aging failure (these may fracture
when in use or attempting to fit into hole). NASM22529 edge grommets have spring type tines to facilitate adherence to
material edge and do not rely on bonding adhesion. The NASM22529/1 edge grommets do not have a chafe protection
cushion; they are painted metal only. The additional limitation of grommet type was added to ensure that only approved

grommets are those with a cushion type of material.

3.11.7 Radius of Bend

Wire, electrical cab
individually routed
included wire or ele

bend radius shall bg

supported at the br

Measured to Inside Surface

ctrical cable. At the point where wiring breaks out from a group, hanness,
ten times the diameter of the largest included wire or electrical caplg)provi
pakout point. If wires used as shield terminators or jumpers aref{equired

harness, the minimyim bend radius of the wire shall be three times the diameteg atthe point

wire is adequately s

Rationale: Bending

and eventual damd
constructions to bud

mechanical stress
insulation and requ
has verified ability tq

Protected harnesse
times its outer diam
the largest included

Rationale: Bending
fraying. In some inst
if applicable wire be

Coaxial cables. The
coaxial cables, the 1
shall not be less th4

Rationale: Flexible

upported.

ge when in service. Bending wire or cable into.a tight a radius can
kle and weaken the insulation properties. Some:tape wrapped constructio
particularly at elevated temperatures). Thesg, buckled areas will event

withstand bends within the specified limits without degradation.

5. The minimum bend radius, as measured on the inside radius of a protec
bter. In no case shall the bend radiurs of a protected harness be less than t
wire or electrical cable.

bf the harness on too tight aradius could damage the harness jacket, allow
ances, where larger wirés are included, the insulation jacket on an individua
hd radius limits are\exceeded.

minimum radigs*of bend shall not adversely affect the characteristics of th

n ten timesthe outside diameter.

5 - o - - - - wires and electrical cables
and supported, the minimum bend radius shall be ten times the outsjds

diameter of the largest
or bundle, the minimum
Hed the wiring is suitably
fo reverse direction in a
bf reversal providing the

wire or cable into a tight radius can cause tensile strain‘on outer part of conductors and insulation

cause some insulation
hs will delaminate under
hally become breaks in

re repair/replacement. Qualification tests of wires in Table A-I, A-ll, and their cable constructions

ed harness, shall be six
En times the diameter of

ng moisture ingress and
| wire could be damaged

b cable. For flexible type

adius of bed shall not be less than six times the outside diameter. For sefi-rigid types, the radius

to withstand bending on

oaxial cables specified in AS50881 A.3.1.5 have been tested and qualified

the above radii without damage or excessive losses. Semi-rigid types have a tubular mets

bending on a larger

radius to avoid damage.

I construction requiring

Fiber optics cable. The minimum radius of bend for fiber optics cables shall be in accordance with the cable

manufacturer’s recommendations and shall be sufficient to avoid excessive losses or damage to the cable.

Rationale: The transmission characteristics of fiber optics cable are diminished with bends. Tight bends can
substantially increase losses and incur damage to strength members, jackets, and glass fiber. Bends at breakouts of
multiple fiber optic cable bundles must be carefully controlled to conform to minimum bend radius requirements.

These requirements also apply during shipping, handling, and storage.

Rationale: Prior to installation, violating the bend requirements specified in AS50881 3.11.7 can cause damage to wires,
cables, and/or protected harnesses. Hanging wire bundle from supports or penetrations during installation has been
shown to be the source of damage. Review of these incidents has found that, during installation, the wire harness weight
caused tight bends structure leading to insulation damage.
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3.11.8 Drip Loop

Where wiring is dressed downward to a connector, terminal block, panel, or junction box, in addition to the requirement of
3.10.7.1, a trap or drip loop shall be provided in the wiring to prevent fluids or condensate from running into the above
devices. Potted connectors and connectors containing only fiber optic termini are exempt from this requirement (refer to
MIL-STD-1678).

Rationale: Gravity causes moisture to travels along wire bundles and between individual wires. Bundles should be left long
enough to make a drip loop. This allows water to drain from the wire/bundle, keeping the moisture out of connectors and
electrical units.

Moisture ingress can cause wire-to-wire shorts and system shutdowns. Moisture is likely to be conductive and can cause

an unwanted connection between adjacent termination circuits, causing shutdowns or unplanned actuation.

ana of padlintney tha iAo £l o T ha naottad Li~g

Potted plugs are one m
moisture running along
the applied potting mate
the potting material-wirg
compound makes the

damage to wires. Per 3]

specific application appfoval.”

3.11.9 Wiring Near Mo|

Wiring attached to asse
protected in such mann|
deterioration includes al
shall be installed to twig
(LRUs) and weapon rdg
abrasion, and other effe

Rationale: Wires and ca
each other or are dama
causing system malfun
bending. Consult wire s
3.11.9.1 Wiring Near H
Clamping of wires route
so that failure of a sing

separation between wir]
throughout the full rangg
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he wire bundle cannot enter its terminations. The potting and wire type, sel
rial adheres to wiring and connectors. Wire test standard ASTM D3032,pro
adhesion. Potting of connectors should be limited, or last resort;,_since t
blug no longer maintainable as typical polysulfide potting comipounds ¢
114.8, “for Air Force and Navy procurement, all potting of cannectors is di

ving Parts

Mblies where relative movement occurs (such a&athinges and rotating pig
er as to prevent deterioration of the wiring_bythe relative movement of t
rasion of one wire or electrical/optical cable®Jpon another and excess twisti
t instead of bending across hinges. Elecfrical/optical cables in the vicinity
placeable assemblies (WRAs) shall\$é protected against damage cal
cts of frequent removal and replacement of equipment.

bles subject to unit movement can fail when they experience excessive tens
jed by twisting and bending, Conductor fatigue failure can result in open ¢
ttions or shutdown. Some wire constructions have demonstrated better r
becification for specific.attributes (see 3.7).

light Controls and-Rotating Shafts

i near moy&aRI€ flight controls must be attached with steel or titanium hardw
le attachtrent point cannot result in interference with controls or shafts
ng afd,all components of movable flight controls and rotating shafts sl
b of fiovement.

re encapsulated so that
ected must be such that
ides a means to assess
he application of potting
annot removed without
scouraged and requires

ces) shall be installed or
he assembly parts. This
hg and bending. Bundles
of line replaceable units
sed by flexing, pulling,

ile loads abrade against
r intermittent, or circuits
bsistance to flexing and

are and must be spaced
The minimum positive
all be at least 0.5 inch

Rationale: Aircraft flight control and rotating shaft movements should not be impaired by using fasteners that could be
strained or over-torqued and fracture during service. Steel and titanium hardware is capable of withstanding installation
torque and bundle weight without fatigue failure during the aircraft’s full-service life. Maintaining a minimum positive
clearance of 0.5 inch allows for possible bundle shifting and flexing during aircraft flight operations.

Note that this separation distance only considers the mechanical movement of the wire harness and does not consider the
potential damage from electrical arcing.
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3.11.10 Special Protection

Power feeders, including wires, electrical cables, and buses, shall be given particular mechanical protection such as in the
form of extra insulation, standoff mounting, and separation. Bus centers shall be located within insulated enclosures, isolated
in order to prevent a fault to ground or phase-to-phase fault that would disrupt the electrical power system. Wiring installed
in locations, such as bilges and on decks or floors, shall be so located or protected that they will not be damaged by
maintenance personnel during normal maintenance or crew movement. Wiring installed in locations where fluids may be
trapped and the wires and cables contaminated, shall be properly routed and protected against fluid damage. See 3.8.10.3
for installation guidelines on filter line cable.

Rationale: Electrical power feeder failure is likely to result in a fire. Loss of a power source through ground fault or
phase-to-phase fault will also result in loss of all circuits connected to that power source. Protection of the remaining source
of redundant power systems is typically provided by current limiting devices, which will isolate the faulted bus, leaving all of
its systems unpowered. Select|on of power feeder W|r|ng should |nclude consideration for extra abrasion resistance and cut
through strength. The w

3.11.11 Gas and Fluid (

Wiring shall be supporte
and equipment. Separd

equipment to prevent cq
the wiring shall pass be
directly beneath the line
shall not be attached t
separation is less than

positive separation of af
attach the wiring to prim
such that they are separ
or other suitable barrier

Rationale: Gas- and flui
of separation minimizes
leakage on them. Routi
directly on wiring. Not cl
wiring. Careful planning
wiring in close proximity

arrying Lines and Tubes

for wiring. Wiring shall be routed above, rather than Bglow liquid ca
ntamination or saturation of the wiring in the event of leaké&ge. Where this r
low the lines at an angle rather than parallel to the-jines, so as to mini
5 and in the path of a potential leak. Terminating devices shall not be plac
b fluid-carrying lines, tubes, and equipment ufiless they require electrig
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ary support(s) at the closest proximity of the wiring to the line. Where lines
ated by rigid nonmetallic conduit, metall€onduit, ribs, webs, frames, channe
b, the above minimum separation regtirements do not apply.

j-carrying lines typically carry flammable material and are subject to leaka
exposure of flammable material to electrical energy. Routing wires above st
hg wires at an angle rather than parallel to fluid lines minimizes the pos
Amping to them reduees-the possibility of wiring causing leaks and avoids
of overall wire routing paths in the early stages of design can eliminate
to fluid- and gas=carrying lines, tubes, and equipment. Grounded shields

the probability of insulafion breaks expasing live conductors to possible fuel leakage. This require

to mean that wiring can
leaked fluids flow away

3.11.12 Wiring Through

be routed-beneath liquid-carrying lines for any distance as long as it is a
from thepoint of the leak.

Fueb¥anks

erm

d independent of and with the maximum practicable separationftom all fllid-carrying lines, tubes,
tion clamps shall not be used for primary support (see 2.3(19) but arg
separation requirementp

permitted to maintain
rrying lines, tubes, and
buting is not practicable,
ize the length of wiring
under any lines. Wiring
al connections, or their
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le separation device; (b)
and wiring are installed
Is, extrusions, stringers,

pje. Maintaining 2 inches
ch items prevents direct
5ibility of leakage falling
aths between fluids and
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on wires can eliminate
ment can be interpreted
ngled downward so that

Wiring should not be routed through fuel tanks except where there is no alternative. Wiring that must be routed through fuel
tanks, but that is not part of the fuel management or control wiring shall be routed through a dry access channel or passage
so as to preclude contact of the wiring insulation and the fuel. The channel or passage shall be of a size to facilitate the
removal and repair of the wiring without removal of the fuel tank, and shall have a fluorocarbon liner, which will preclude
electrical contact. The routing of fiber optic cables through fuel tanks is not recommended (refer to MIL-STD-1678).

Rationale: Exposure of electrical energy to fuel vapor of significant concentration can cause an explosive reaction. Fuel can
be vaporized at some temperatures and must be isolated from wiring. A dry channel with fluorocarbon lining can prevent
chafing of and arcing in an inaccessible area. Such arcing can erode a pathway through some materials exposing fuel to
wire. Early coordination between wiring and fuel system design activities can minimize the need for routing unrelated wiring
through fuel tanks.
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3.11.13 Wiring Inside Fuel Tanks

Wiring that is essential to the operation of fuel management or control system, may be routed inside fuel tanks only if there
is no alternative and requires the approval of the procuring activity. Wiring that is used in circuits that are capable of
generating energy levels greater than 0.02 mJ must be isolated from fuel. Isolation may be achieved by using grounded
metal conduit having a fluorocarbon liner, approved components, approved materials for sealing, potting (see 3.14.8);
routing through conduit or use a fuel-resistant Fluoropolymer molded harness, etc. (refer to MIL-HDBK-534). Wiring that
comes in contact with fuel must have an insulation system which is compatible with the fuel and fuel vapor. Clamps and
hardware used to attach wiring inside fuel tanks must also be compatible with the fuel and fuel vapor. Environmentally
sealed connectors and terminations used to attach wiring inside fuel tanks must also be compatible with the fuel and fuel
vapor. Tie tape, string, mechanical straps, or other items that could become loose and clog fuel filters shall not be used
inside fuel tanks. Fiber optic cables and silver-plated conductors (see 6.11) shall not be used inside fuel tanks. Refer to
AIR6820 for extended fuel performance characteristics of common wire types and wire selection guidance.

a

Rationale: Fuel quantit an 0.02 mJ to prevent

inadvertent fuel ignition
exposure to fuel. The 0.

Wire/cable insulation, a
fuel must be of a type
contaminate fuel, poten
voltages into the fuel sy
throughout its routing ar

The fluorocarbon lining

prevent wire chafing and arcing in an inaccessible area. Grounding this,conduit will cause circuit p

to isolate the circuit befq

The use of silver-plated
form silver-sulfide or o
deposits reduce the insy
electrical energy. If use
defined as a critical deg
tank wiring.

3.11.14 Airborne Equipri
GFAE equipment shall {
Equipment furnished wi

The excess length shall
of moving parts.

(refer to FAA AC 25.981
D2-mdJ energy level limit precludes inadvertent fuel and fuel vapor ignition.

5 well as any primary/secondary harness support, and secondary harnes
that will not cause fuel contamination. Materials not compatible with fu
tially causing malfunctions or blockage of fuel lines. To prevent inadver
stem, circuit for wire which must come in contact with’fuel should be is
d at junctions.

of conduit through which wiring carrying more:tban 0.02 mJ of energy

re penetration of conduit occurs.

copper conductors is prohibited inside fuel tanks since silver can combine
ide deposits between exposed conductors (terminal block connections,

lation resistance between conductors and can ignite fuel vapor when expg
of silver in electrical components and wiring in the tank is determined tg

protected to prevent arc

s protection exposed to
el can break down and
tent exposure of higher
blated from other wiring

s carried is intended to
otection of arcing wiring

with sulfur or water and
etc.). The silver-sulfide
sed to very low levels of
be critical, it should be

ign configuration control limitation. Refer to AS50881 6.11 for additional fesources related to fuel

nent External Wiring
e consideredhe same as airborne equipment.

th wiringhaad connectors which are excessive in length shall not have thg
be grduped and supported in a manner which will prevent damage to the wi

b wiring length reduced.
ring and possible fouling

Rationale: Performance of GFAE cannot be ensured if its wiring or connection devices have been damaged. Careful
grouping and supporting of the wiring are recommended to avoid wiring damage to GFAE units; preventing this damage
can avoid subsequent failures if it is installed in other applications.

Cutting off GFAE wiring is not authorized and would impair interchangeability with identical units on other aircraft. Stowage
which avoids contact with moving parts will prevent interference with aircraft operations.
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3.12 Ground Return

The electrical power source ground terminals shall be connected to the primary metallic structure of the vehicle. Individual
ground wire connections shall be made using terminal lugs secured by threaded fasteners. Assembly procedures in
accordance with ARP1870 are recommended for electrical bonding and grounding. For current return leads of size AN-4
(AWG-4) or larger wire, the bonding connection shall not be made directly to primary structure but shall be made by
connecting the ground wire’s terminal to a tab of sufficient size to conduct ground current, attached to the structure with at
least three fasteners not arranged in a straight line pattern. The vehicle structure shall serve as the ground return circuit
unless system considerations require separate ground return wiring. Equipment that incorporates a ground terminal shall
be grounded by the shortest suitable ground wire. Equipment that is internally grounded and that does not incorporate a
ground terminal shall be grounded by the shortest practicable ground wire if suitable grounding is not provided by the
equipment mounts, or if corrosion of the mounts is likely to occur. Ground return wiring shall not be connected to magnesium.
Electromagnetic environmental effects interface requirements and verification criteria shall be in accordance with
MIL-STD-464.

Rationale: The primary jaircraft structure typically provides the path for all circuit grounds to retunln current to the source.
AN-4 and larger leads typically carry more current than can be safely conducted by terminals-attached directly to structure.
These applications require a tab to increase the effective conductive path cross section.

Rivets securing a tab to| structure can fatigue and loosen if arranged in a straight line.@Guch failures can result in extreme
heat causing structural failure, series arcing, or fire.

connections to structure should be as short as pragtieable and should pbe made with threaded
nents can readily be checked to verify tightness and“continuity with strucfure. These connections
nductive materials from structure to ensure directlow resistance connections between terminal and
d 3.12.5 on bonding.

Individual ground wire

fasteners. Such attachn
require cleaning non-co
structure. See 3.12.4 an

Aircraft composite struc
extra length wires can b

ure can present a problem in attachment'of ground returns. A specified grg
e used to connect to grounded structure-

und bus metallic strip or

3.12.1 Shielded Wire Grounding

Shielding shall be in ag
multi-conductor, shielde
are used in military EM
typically achieved by ug
connectors. Electromag
with MIL-STD-464.

Rationale: Electromagn
communications, instrur
and connectors creates

cordance with vehicle systein’ requirements. In harness applications, and
d cable, shields shall be terminated within the booted areas of breakout ter
C environments, extrarecautions need to be taken to maintain electrom
ing a 360 degree.shield similar to AS85049/103, /104, and /105 type terr
hetic environmgnital effects interface requirements and verification criterig

etic interference can induce unwanted signals in sensitive aircraft wiri
nentation anomalies, and unplanned control movements. The distance bety
A window through which EMI can penetrate unless protected by a conductiy

applications containing
minations. When pigtails
hgnetic shielding; this is
hinations on all harness
shall be in accordance

ng that can cause lost
veen shield terminations
e backshell or overbraid

ded connector shell. Grounding of connector housings. their backshell

ccessories, and shield

connected to the groun

overbraids must provide a low impedance path to the metal airframe structure for cable and harness overbraids and
shielding to be effective. Both MIL-STD-464 and ARP1870 offer additional requirements and further define bonding and
grounding requirements. Additional considerations for shielded wire ground are included in 3.12.1.
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3.12.1.1 Shield Terminators

AS83519 shield terminators shall be used in terminating shields except when the operating temperature they are to be
installed in exceeds the maximum rated operating temperature of the device. Control temperature solder devices shall be
installed in accordance with AS4461. The unterminated end of a shield shall be covered with an appropriate
temperature-rated AS23053 or equivalent shrink sleeving. For elevated temperature shield terminations, employ the
uninsulated two-piece AS21980 and AS21981 crimp ferrule combination and cover with an appropriate temperature-rated
AS23053 or equivalent shrink sleeving. All shielded cable terminations shall be installed no closer than 1.5 inches from the
rear of the connector grommet to allow for contact extraction. All shield terminations shall be staggered to allow for accessory
removal and shall not be located under the saddle clamp of the connector accessory or primary support. Shield terminator
leads shall not be terminated to saddle clamp hardware. Multiple shield terminator leads shall not be linked in series (daisy
chained).

Wire harness flexible metallic shield or EMI accessory shall extend beyond the shield terminations to provide suitable EMI

protection to the affected-system-in-accordance-with-MIL-STD-464-

Rationale: When solder
excellent performance 3
of AS83519 solder slee
sealing of the connectio

The evolution of AS835
wire, and those with abi

The temperature requirg

sleeves are used to make shield grounds, AS83519 sleeves with integr
nd are more easily terminated than those without such leads. Guidelines r
es reflect color and solder flow indications and must be conformed to for 3
n.

19 solder sleeves now includes those for higher temperature solder, thos
ity to accommodate multiple wire terminations.

wire causing insulation lamage.

Careful configuration s

lection is required to align the solder sleeve’s configuration (solder mate

cable’s plated shield material. Note that nickel-plated cable shiglds are not compatible with tin-lead

that used in the AS8351
3.12.1.2 Shielded Wird

When selecting harness
AS85049) and the shiel
given to the plating to €
chafing against the insiq
AS85049/128 bands.

9/2.
Harness

or cable shielding matgrial, ensure careful consideration is given to both th
ding material. For metaltic, non-metallic, and blended shielding designs, ¢
nsure galvanic compatibility for the anticipated service life of the system.
e of shielded harmésses, see 3.11.4. For shield splice, employ AS85049/9

Rationale: For galvanic
MIL-STD-889. These d{
selection directly affect

of the EWIS can be ad\

compatibility of connector to accessory, additional guidance is available in 4

bd to heat shrink and flow solder in AS83519 devices may exceed the 135

al ground leads provide
egarding the application
uccessful soldering and

e with shield braid drain

°C rating of tin-plated

fial) with the compatible

solder sleeves, such as

e mating accessory (i.e.,
areful attention shall be
In order to prevent wire
3 split ring secured with

ARP6903, AIR5919, and

bcuments provide the basis for compatibility of dissimilar metals. Incorrec
the electncal and mechanlcal bondlng performance of the termination. T
S periormance

t/incompatible materials
e lifecycle performance
Note that MIL-STD-464

provides some data on shield termlnatlon performance examples and the|r in-service level of degradation.

3.12.1.3 Shield Terminations for High Speed Data Cable

For high speed cable terminations (i.e., AS6070) with signals faster than 10 kHz, shield terminations shall be per connector
manufacturer’s requirements.

Rationale: With the advent of various data bus protocols of higher speeds, it became evident that there are various means
of achieving suitable data rate performance. AS6070 is the dedicated high-speed data cable parent specification. Though
commercial industry technology advances quickly, the AS6070 detail sheets define and standardize mature and legacy data
bus protocols. The terminations and connector interfaces are different for most of the protocols, and they are best defined
by the connector manufacturers’ requirements. One example of a standardized high-speed connector is the
MIL-DTL-32546. For verification of optimum performance, the shield finishing performance should comply with the system
level requirements.
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3.12.2 Multiple Grounds

No more than four ground wires shall be terminated in one lug provided that their total circular mil area is within the range
of the crimp barrel. No more than four lugs shall be connected to one common ground stud. Ground modules in accordance
with AS81714/27, AS81714/28, AS81714/63 may be used for multiple grounds. No more than 16 ground wires shall be
connected in a ground module. Unwired contacts shall not be installed in unused terminal junction module cavities. Sealing
plugs in accordance with MS27488 shall be installed in unused module holes. Sealing plugs shall be installed headfirst. The
AS81714/27 and AS81714/63, Type S grounding module mounting studs shall have the same bonding surface preparation
requirements as per 3.12.4 and shall employ hardware attachment requirements as per 3.12.5. Each ground for electric
power sources (primary, secondary, conversion, emergency) shall be connected to separate ground points. Grounds for
utilization equipment may be connected to a common ground point only when supplied from the same power source
provided this equipment does not perform duplicate or overlapping functions.

Rationale: If not properly secured the loss of a single ground stud can |mpact the functionality of multiple systems. Loss of

power source grounds rj
systems can be a traum
of multiple system failur

Exceeding four wires on
terminal junction system
duplicate or overlapping
risk of breakage. AS817
wires in a parallel loop d

Regarding the AS81714

AS81969 unwired or standard extraction tools will not fit inside the tool to extract the unwired cq
terminal junction assem}ly replacement if any of the unwired cavities need to be employed. Instez

insert the applicable siz
locking mechanism of th
in each unused cavity, t

This has been a require
than four wires to a grg
request of the Navy. Th
biggest issue was mair
attached to the stud hag

During this period, the ¢
contact is removed for
ground module, only the

3.12.3 Insulated Equip

atic event for crewmen trylng to perform a mission and control an alrcraft
bs is unlikely, especially when flying in close proximity to obstacles or-durir

a common stud avoids distortion and breakage of terminal lugs.-More than
module risks numerous simultaneous system failures. Groundsdor utilizatig
functions risks redundant systems failure. Terminal lugs cafbe performed
14 modules bus all connections together in a common grodnd plane. Combi
onnected at both ends risks undetected loss of redundancy and should be

terminal junctions, insertion of unwired contacts.in the unused cavities is

d MS27488 sealing plug, large (head) end first. This has been shown to fit
e terminal junction. Another method is.by crimping the contact onto a 6-inc
nen install a dead end cap or stub splice (refer to AS81824/13) to terminat

ment since MIL-W-5088B, dated 18 June 1956. It was considered too larg
und stud. Revision (H) of/MIL-W-5088 allowed up to 16 ground wires to
s lasted a few years, until aircraft got into the field and there were multiple
tenance; when a greund wire had to be removed and the ground stud
to go through a time3consuming functional test.

jround module-Was developed and eliminated many of these issues. For
Maintenance Teasons, only one contact is disturbed. By removing only a
disconnected circuit had to undergo functionally testing.

menPBoxes

numerous or redundant
Assessing the full effect
g landing and takeoffs.

16 wires on an AS81714
n equipment performing
to nest together without
ning a number of ground
avoided.

not recommended. The
ntact. This requires the
d, it is recommended to
well and not engage the
h jumper wire and insert
b the wire end.

e of a risk to have more
one ground stud at the
failure/shutdowns. The
was disturbed, all items

example, when a single
single contact from the

Electrical equipment, such as relays mounted on insulated surfaces, shall be individually connected to ground rather than
series connected and then grounded by a single wire to a ground stud. For recommended fastening hardware, tightening
methods, and torque values, refer to AIR6151.

Rationale: Insulated enclosures are well suited for protection of power source and cross-feed contactors. They avoid
dissipating large amounts of power to structure and provide protection of buses from errant contacts.

Single wire failures that occur on series connected grounds may disable multiple functions. Further, redundant functions
could be lost if the grounding was interrupted for multiple units in an enclosure. Connecting each device to ground, using a
separate wire for each device, will reduce the impact of wire failure. Doing this coupled with the recommendations of 3.11.2
can help to reduce time needed for repair or replacement.

When determining the particular design to implement, internal relay and contactor ground faults should be considered. If
shock hazard grounds are used, contactors having an internal ground fault will cause circuit protection to isolate the system.
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AIR6151 has been published and designated as the common document which identifies installation torque values for EWIS
components.

3.12.4 Bonding Surface Preparation

Surface preparation for an electrical ground shall be accomplished by removing all anodic film, grease, paint, lacquer, or
other high-resistance materials from the immediate area to ensure a suitable minimum radio frequency (RF) impedance
connection between the terminal and adjacent structure. The means used to remove any protective finish shall produce a
smooth surface without removing excessive material under the protective finish. After cleaning, but before grounding
hardware installation, cleaned surfaces shall be protected with a corrosion-resistant conductive protective film in accordance
with MIL-DTL-5541 Class 3. For military applications, use MIL-DTL-5541 Type Il, Class 3. After hardware assembly, the
mating surfaces around the ground hardware shall be restored to the original finish, or if subject to fuel exposure, shall be

sealed with a compound in accordance with environmental requirements of the area.

Ratlonale The CorrOSICIn ofarcound connactione-ic of nartictlar cananarn fAar Alraraft SANAc AvnAcnd

salt water, fuel, and/or

aircraft engine exhaust;
the previous mentioned

connection. Areas not in contact with terminal require original finish because exposed MIL=DTL-5

corrosion.
3.12.5 Bonding and Gr
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the temperature and th
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conditions. Aluminum h
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used in space applicatid
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accordance with MIL-D1

Rationale: Lock washe|
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ounding Attachments

attachments hardware shall be of conductively plated material and constr
e other environmental and mechanical requirements of the connection,
a split lock washer with either plain or self-lockiggrardware to ensure a ti
brdware and MIL-DTL-83413/8 bonding jumpers shall not be used at temj
ardware shall not be used at temperaturescabove 450 °F. Cadmium-plate
ns. Self-tapping screws, zinc-plated, ungtated, and anodized hardware sh
hshers shall not be used. Bonding juipnpérs shall be the non-quick disconr
[L-83413/8 or contractor designed eqUivalent.

s ensure intimate surface.connection and self-locking hardware avoig
I other degradation of fastenéer hardware will lead to a slow, long-term incre
en circuit connections. Anodized finishes are non-conductive. Zinc-plated
term use.

ardware retains corrosion resistance and conductivity over extended per|
e, use of dissimilar metals with incompatible finishes requires special attent
v 450 °F, asdhe plating breaks down in these conditions. Cadmium plating

are metal, particularly in
pact the low impedance
541 film does not resist

iction that is suitable for
All threaded hardware
pht connection under all
eratures above 300 °F.
d hardware shall not be
all not be used. Internal
ect type and shall be in

s loosening of surface
ase in circuit resistance,
and un-plated hardware

ods. When attaching to
on. The use of cadmium
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apping screws is that these components displace material and any cofrosion-resistant surface
sure of unprotected surfaces. These unprotected surfaces are corrosion pione.

Distortion of terminal lugs during tightening can lead to material fractures.

treatment allowing expo

3.12.6 External Ground Terminals

Equipment which includes a ground terminal or pin, which is internally connected to exposed metallic frames or parts shall
have a ground wire connection to the terminal or pin.

Rationale: Equipment ground provisions are intended to provide circuit, static, or shock hazard ground and may not function
properly if not connected to the airframe. Internal ground faults could result in creation of a shock hazard for crew or
maintenance personnel if unit housing is not electrically connected to the airframe. Equipment housings are not always
metal-to-metal electrically bonded to airframe structure, particularly if not made of conductive material. In such instances, a
specific ground wire connection is typically provided for this purpose.


https://saenorm.com/api/?name=123e120d2bff4ce21aa839670e8f3021

SAE INTERNATIONAL AIR6808 ™A Page 60 of 83

3.13 Conduit

Conduit may be used where necessary to protect wiring or to facilitate maintenance in inaccessible areas. Use of conduit
requires procuring activity approval unless specifically required elsewhere in this specification. Metallic conduit may be used
for shielding to meet the requirements of MIL-STD-464, subject to approval of the procuring activity.

Rationale: Wiring paths through areas that cannot readily be accessed can take advantage of conduit for initial installation,
maintenance, and modification. Wiring passing through inaccessible areas can be subject to deterioration or chafing without
detection unless access means are provided for its removal and inspection. Wiring exposed to environmental or service
damage during operations or maintenance activity should be protected to avoid insulation or conductor damage.

If the case of wire failure, it should not be assumed that the conduit will be able to contain the fault without penetration.
Incidents have been recorded in which the conduit was breached during a wire failure event.

3.13.1 Rigid Metallic
Rigid metallic conduit shall be aluminum or aluminum alloy tubing.

Rationale: Aluminum is [lightweight, conductive, and does not readily corrode. For all métal conddits, electrical bonding to
the aircraft ground is required. Approved bonding clamps have aluminum surfaces to.pfovide metgl-to-metal contact.

3.13.2 Flexible Metallid
Flexible metallic conduif shall conform to AS6136 and shall be used only wheh rigid metallic condyit is impractical.

Rationale: Flexible conduit can be installed in congested areas and formed to fit available spaces| The benefit is they can
provide harness protectlon and support where it would be otherwisé impractical. The use of flexible metal conduit requires

fittings and must have smooth internal surfaces as to reduce potential chafing locations.

Flexible metallic conduits may not be suitable for all applications, particularly those with sharp pends. Bends in flexible
conduit can kink if bent foo sharply, causing wire chafe_or pinch areas within the conduit.

3.13.3 Flexible Nonmet}allic

Nonmetallic conduit shgll conform to AS81234and be of a material satisfactory for the installation environment. Polyvinyl
chloride shall not be used.

Rationale: Lightweight gonduits having:smooth internal surfaces can provide access in otherwise finaccessible areas. The
severe and varied envirpnment can\be a challenge to nonmetallic conduits. Conduit material failure caused by mechanical
stress and/or degradatign can danrage wire.

The use of PVC conduitjissnot recommended as it can outgas toxic material at elevated temperatures.

AS81914 defines the standard flexible conduit configurations approved for aerospace applications.
3.13.4 Size

In determining the diameter of conduit to be used, the wiring which is to be installed therein shall be bundled together and
the maximum diameter measured. The maximum diameter shall not exceed 80% of the internal diameter of the conduit.
Maximum diameter wires and electrical/optical cable permitted by applicable specifications shall be used or allowed when
taking this measurement.

Rationale: The internal conduit clearance must be sufficient to allow for wire harness installation and wire removal for
inspection. The smoothness of internal conduit surfaces limits the possibility of abrasion. In areas not readily inspected,
additional sleeving over wires can prevent chafe damage of wires that experience relative motion and eventual damage in
conduits.
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3.13.5 Fittings

Conduit fittings in accordance with AS10380 or other applicable drawings shall be used in conjunction with metallic conduit.
Nonmetallic conduit shall be terminated with an approved AN or MS fitting. Rigid metallic and nonmetallic conduit used for
wiring in an accessible area(s) need not be terminated provided the conduit is suitably flared or rounded and sharp edges
removed.

Rationale: Approved metal conduit fittings have internal features that avoid damage during installation or removal of wires.
Sharp conduit edges or tight bend radii of the wire harness leaving the conduit can cause chafing of wiring. Flaring or
rounding the end of metallic conduit allows routing into bends and pulling wires through from an angle without damage to
insulation. The conduit should not be designed with tight internal bends as this will create areas more prone to abrasion.

See 3.13.11 for information on harness bend radius.

3.13.6 Conduit Installat

PN
TOTT

Conduit shall be installegd to withstand vibration and normal service handling (see 6.12).

Rationale: Conduits my
Installing conduit in somn

st be secured in place and located to avoid shifting and interference w
e areas may require access before all structure is installed.

ith equipment removal.

Conduits are frequently
withstand these stresse

used as handholds during installation and maintenance activities and
5. The supporting equipment for conduits should als@ be’able to withstand

should be designed to
this stress.

3.13.7 Support
Conduit shall be supporfed so that strain on the ferrules is relieved:!

Rationale: If an installa
abrasion or inability to €|

ion preload exists, vibration and straifn“on supports could cause fatigue
xtract wiring for inspection.

failure, resulting in wire

3.13.8 Drainage

Where practicable, met
Suitable drainage holes

allic and nonmetallic gohduit shall be installed so that fluids or condens
shall be provided at¥he' low points, except for magneto ground cable con

conduit. Tape (non-adhg¢sive) used as a wraparound on wiring shall also have drainage holes at th

be removed from draing

Rationale: Moisture acc
material. The inclusion
created, the drain holes

ge holes in metaltie' conduit and from the conduit fittings.

imulationdnyconduits can result in wire-to-wire shorts, ice damage, and/or d
f suitabljusized drain holes in the conduits allows for moisture drainage. V)
edges’need to be rounded to avoid chafing to the contained wire harness.

ate will not be trapped.
Huit and metallic flexible
e low points. Burrs shall

eterioration of insulation
hen the drain holes are

When routing magneto

hraotnd - cables-throuah conduits drain-holes-can nrovide-a-means-for short
GrodhRa-6ap18StHHHOoUgR-coRaURS;- G R016S-caR-pProHaea-HedRs1HoF-SHoR

wavelength RF fields to

exit the conduit and interfere with nearby systems. The impact on nearby systems should be considered possible EMI.
3.13.9 Grounding

Metallic conduit carrying electrical wiring shall have a low-resistance bond of less than 0.10 Q to structure at each
terminating end and break point. The bonding path may be through the equipment at which the conduit terminates. Bonding
connections to the conduit shall be made with an AS7351 clamp and a bonding jumper, with one terminal secured to the
clamp with threaded fasteners. Surfaces between clamp and conduit and between terminal lug and clamp tab shall be
prepared to ensure a suitable low-resistance bond. After cleaning, but before clamp installation, aluminum conduit surfaces
shall be conductive conversion coated in accordance with MIL-DTL-5541. After bonding hardware assembly, mating
surfaces around the ground hardware shall be restored to the original finish or, if subject to fuel exposure, shall be sealed
with a compound in accordance with MIL-PRF-8516.

Rationale: Shielding effectiveness of conduit-enclosed wiring relies on low resistance ground connection to aircraft structure.
If all of the metal-to-metal interfaces are not properly prepared and refinished, the resistance to aircraft structure could
gradually increase until no conduit shielding is provided. See 3.12.4 and 3.12.5 on bonding requirements.
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The 0.10-Q resistance required of bonding connections and shielding has been found to effectively prevent errant signals
from being imposed on sensitive circuits during operation. During their initial acceptance, aircraft systems are typically tested
in high intensity electromagnetic fields to determine if all systems can function normally in this environment. If the
effectiveness of any of the aircraft’s shielding is later diminished, systems may malfunction.

See 3.8.10.3 on EMI requirements.

The MIL-PRF-8516 is well suited for the application as it is tested for electrical insulation characteristics (minimum of
4000 MQ insulation resistance) and is of polysulfide material family with suitable cure times. It meets the fuel requirements
and seven other fluid exposure requirements.

3.13.10 Ignition Conduit

The ignition ground conduit for each engine shall be separately routed to prevent a single damage from affecting more than
one engine.

Rationale: The loss of w|ring in engine ground conduit can result in a disabled engine. Physical'separation of ignition conduit
is an important means of protecting redundancy and can be accomplished with careful planning eary in the design process.

See 3.11.9 for considerations on system separation.

3.13.11 Radius of Bend

o7

The radius of bend of copduit shall allow the bend radius requirements of 3x\1.7 to be met. Conduit fnd conduit fitting bends
shall not cause chafing pf the wiring.

Rationale: Conduit matetrial properties can vary considerably and canhave an impact on the requirgd minimum bend radius.
Some conduit materials| kink, cause wire chafing, and eventually:fracture if not formed properly. Tight conduit bends can
result in internal sharp gdges that can damage insulation.

3.13.12 Wire Conduit Syipport

Wiring entering or exiting metallic conduits shall bé supported with a primary support clamp withinf 10 inches from the end
of a conduit to secure the wiring and prevent chafing. See Figure 6.

Rationale: The requirement for the support-clamp for the wire bundle is to prevent wire chafe damagg/degradation at metallic
conduit flared end. In |addition, it further” aligns with existing requirement in FAA AC 43.13{1B and Military Wiring
Maintenance manual NAVAIR 01-1A;505-1.

3.14 Connectors

Except for hermetic conpecters with only pin type design, connectors shall be selected so that contacts on the “live” or “hot”
side of the connection ake-sackeitynaratharthan nln tung to minimizg narcannal hazard andig ardvent accidental shorting
of live circuits when the connector is unmated. When using special contacts such as thermocouple or coaxial, circular
electrical connectors shall be specified on installation drawings using the A and B suffix when applicable in the connector
part number. The “A” designation without pins and the “B” designation without sockets indicate special applications for the
connector. The selection and use of connectors for fiber optics cable (refer to MIL-STD-1678) shall be approved by the
procuring activity. Only connectors that withstand a minimum of 500 hours salt spray when tested per EIA 364-26 or
equivalent shall be used. Rack and panel connectors known as D Sub connectors (such as MIL-DTL-24308) shall not be
used except for mating to receptacles on airborne electronic equipment (WRAs/LRUs) and shall be subject to procuring
activity approval. Galvanic compatibility of materials and platings used for mating connector plugs, receptacles, and
accessories shall be assured (refer to ARP6903). Approved Cadmium alternate finish/plating configurations are identified
in AIR5919. For connector selection, refer to MIL-STD-1353 and ARP1308.
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Rationale: When unmated with aircraft electrical power on, contact with connector pins can result in shock hazard and
unintended shorting of circuits together. This convention can readily apply to equipment disconnects that can be unmated
for circuit testing. Certain finishes have substantial differences in material EMF properties from that of shell materials. Use
of anodic shell material with cathodic plating (e.g., aluminum shell with nickel plating) can cause rapid migration of shell
material due to dissimilar metal corrosion. Refer to MIL-STD-889. Additional, specific guidance on plating compatibility for
EWIS connectors and accessories is provided in ARP6903. The ARP provides all common connector configurations and
plating and/or finish and their galvanic compatibility by groups.

It is not always possible to match connector shell materials. Scratches and other discontinuities in material finish can cause
dissimilar metal corrosion causing connectors to become un-mateable after long-term service in a salt-laden environment.
If connector material cannot be changed (e.g., equipment disconnects), application of an approved sealing material to outer

connector shell surfaces can prevent this condition.

3.14.1 Environment Resisting Connectors

Circular power and circy
conditions including chg
as sealing at wire ends
may be used where a

terminated at the conng
connector (see 3.8.6). N
(i.e., on the exposed pir]
coaxial connectors (refe

Rationale: Moisture ingiress can cause pin-to-pin shorts if it collects on¢connector interface or bet

can also cause corrosio
wire and the connector

results in sealing of wie entry grommets in accordance with AIR1329 and avoidance of side Iq

preclude moisture ingre
used, or a heat shrink
compatibility with wire in

3.14.2 Contacts

Connectors using remo
system cables, crimp ty
AS39029 or the applica
specification. Wire barrg
in size 0, 4, and 8 contd
crimped with contractor’
Contractors will only sp{

nges in altitude, humidity, and temperature. The connectors shall havws’a

prommet seal connector would not be suitable (see 3.14.8). Thg outsid
ctor that has a wire sealing grommet shall comply with the wir& diameter
o corrosion preventative compound (CPC) shall be applied®h any interng
s, sockets, or termini). CPCs are also prohibited externally on connectors
r to MIL-STD-1678).

N between contact and stripped wire ends, which can result in open circuits
grommet face or shell to ensure seal integrity: Selection of a wire and cor

5s. Where diameter of intended wire (is¢too small to provide a grommet s¢
sleeve can be applied to grommet area of wire. Overall wire diameter
sertion/extraction tool.

vable crimp type contag¢ts are preferred to solder contact types for gener
be contacts are requiped; solder type contacts are prohibited. Contacts sha
ble connector specification. Wire size shall be within crimp barrel size rang
| contact bushirgs, in accordance with AS39029/112, shall be used when g
cts. Contpators may use automatic, semi-automatic, or hand crimp tools
5 tooling Wil provide the same performance as specified by AS39029 or the
beify 22520 tools for the tools specified in the component specification 9

Improper crimp joint of

lar signal connectors shall be sealed against the ingress of water and wager vapor under all service

interfacial seal, as well

Environment resisting connectors having wire sealing grommetg_ape preferred; however, potting

diameter of the wiring
range specified for that
| surfaces of connectors
containing fiber optic or

veen contact cavities. It
. Potting must adhere to
nector combination that
ading at wire entry will
al, a larger wire can be
should be checked for

bl use. For flight control
Il be in accordance with
e as specified in contact
rimping some wire sizes
for production. Contacts
connector specification.
r contact replacement.

copductors may deteriorate with temperatures which will cause high voli

age drops in low signal

applications and hot spots in power applications. The use of the designated and calibrated crimp tools is essential. In
crimped applications, tin- and nickel-plated wire have considerable resistance increases when subject to elevated
temperature cycle aging tests.

Rationale: Selection and proper application of approved contacts and tools is required in order to ensure intimate low
resistance wire/crimp barrel contact that resists corrosion (called a “gas tight” crimp). Calibration (go/no-go test) of crimp
tools is an essential part of achieving acceptable crimp joints and should be checked at regular intervals. Incorrect or worn
tools can cause high resistance crimp joints or damage to conductor strands. In order to ensure continued proper crimp tool
application, a “pull” test is used that measures tensile strength of the crimp joint in order to indicate mechanical performance
of the crimp joint. Wires that pull out have improper crimp.
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There are also AS39029 contacts that have a unique crimp barrel size on a standard size contact body that will
accommodate different size wires. Many contact manufacturers offer special contacts with crimp barrels that accommodate
different wire sizes than what is specified in AS39029. There are also available crimp sleeves similar to AS33481 (refer to
AS39029/112) for adapting smaller wires that are not within the normal crimp range of the contacts. In such instances,
buildup of wire insulation diameter may be required to ensure a proper seal at the connector sealing grommet. Refer to
AIR1329 for connector sealing range compatibility details.

The AS39029 contact specification provides suitable performance when contact is crimped on the tin-, silver-, and
nickel-plated normal copper alloy conductor. However, there is no performance data for any of the high-strength copper
alloy constructions. The last addition to the AS50881 focused on the aspect for crimped applications, identifying that tin- and
nickel-plated wire have considerable resistance increases when subject to elevated temperature cycle aging tests. Thus, it
is recommended that the design authority needs to test the selected termination if high-strength copper conductor is
employed, with particular focus on nickel-plated conductor.

3.14.2.1

ts

Spare Conta
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3.14.2.2 Electrical Connectors that Contain Fiber Optic Termini

Electrical connectors that contain fiber optic termini shall have empty cavities filled with either spare electrical contacts or
dummy termini unless they interfere with the configuration of the mating connector. Connectors with fiber optic pin termini,
whose mating connector have the alignment sleeves built-in, must use special contacts with shorter pins to preclude damage
to the mating termini (refer to MIL-STD-1678).

Rationale: Use of fiber optic termini designed to fit into contact cavities of standard electrical connectors has considerable
logistic advantage over termini that must use specialized connectors. They allow use of multi-contact terminations where
optical data bus systems are used. Such termini require spare cavities to be filled. If spare pins or termini are used and the
mating termini have built-in alignment sleeves, they can interfere with mating unless shorter than standard pins are used.
Moisture entry openings into the spare contact cavities of electrical connector type bodies that use optical termini can
corrode termini or contact lock springs or allow particle entry that can interfere with light transmission.
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3.14.2.3 Fiber Optic Termini

Termini shall be in accordance with MIL-PRF-29504 or the applicable connector specification (refer to MIL-STD-1678).
3.14.3 Fireproof and Firewall Connectors

These connectors shall be thread-coupled, self-locking connectors with crimp contacts and corrosion-resistant steel shells.
Where it is necessary to maintain electrical continuity for a limited time under continuous flame, both the receptacle and
mating plug shall be fireproof. If only flame integrity is necessary without the need for electrical continuity, only the receptacle
needs to be fireproof. Fireproof and firewall connectors shall meet the Class K, KT, or KS requirements of the applicable

military specification.
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Category B type connectors are installed with specialized tools that are not readily available to field units. Field replaceable
equivalent types that can be assembled with standard tools, avoid replacement of entire assemblies. Such replacement
would typically involve very substantial time, equipment, and panel removal for access. The availability of replaceable plugs
also reduces the need to provision spares for each complete cable assembly type and length.

3.14.4.1 Coaxial Rigid Lines

Coaxial rigid lines that employ air dielectric shall be provided with air passage bulkhead connectors and pressure fitting
connectors for purging and pressurization of the lines.

Rationale: The characteristic system impedance is dependent upon the dielectric between inner and outer coaxial
conductor. Maintaining dielectric properties between inner and outer conductors of these lines requires continued
pressurization of the space between them. Maintaining pressurization between inner and outer conductor as a means of
retaining uniform spacing and impedance requires specialized fittings and pressurization equipment.
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3.14.5 Connector Installation

Connectors shall be used to join harnesses to equipment or other harnesses when frequent disconnection is required to
remove or service equipment, components, or wiring. Connectors shall be located and installed so that they will not provide
hand holds or footrests to operating and maintenance personnel or be damaged by cargo and stored material. Receptacles
in pressurized structure shall preferably be installed with the flange to the high-pressure side. Fasteners shall be used in all
holes of flange mounted connectors. Cadmium-plated connectors or accessories shall not be used inside fuel tanks or
anywhere that connectors can come in direct contact with titanium or carbon fiber composite components or structure. For
recommended fastening hardware, tightening methods, and torque values, refer to AIR6151 and ARP1350.

Rationale: Location of receptacles, including equipment disconnects, should allow clearance along the connector axis for
engagement and disengagement without gouging of shell material or compressing wire bundles against adjacent equipment
or structure. Misuse or inadvertent plug contact with a receptacle (scooping) can damage terminations causing open, short,
or intermittent circuit malfunctions. Connectors should be located so that viewing of receptacle keyway feature is readily

accomplished.
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Connectors for redundant systems should be spaced apart sufficiently so that a single damage will not affect more than one
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On some air vehicles, time for removal and replacement of major assemblies is specified (e.g., helicopter engines and main
transmission). Access to connectors must support these time limits.
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