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FORWARD 

CHAFING CONTROL GUIDE 

Chafing Control Guide CSSD PSE-90-OO1 is published to provide 
information to help control wire chafing in Bell Helicopters. 

Bell Helicopter Textron strongly recommends the instructions set 
forth in this Guide, as supplemented or modified by other manufac- 
turer or regulatory agency publications, be strictly followed to 
obtain maximum.. life and utilization from Bell Helicopters. 

Copies of Guide CSSD-PSE-90-OO1 may be obtained from: 

Bell Helicopter Textron Inc. 
Customer Support and Service Division 
Commercial Publication Distribution 
P. 0. Box 482 
Fort Worth, TX 76101 

This Guide is FAA DER approved. 

Applicable Documents: 

BHTI Report 299-075-104 Rev. "R" Assembly and Installation 
of Electrical Wiring 

NAVAIR Technical Manual 01-1A-505 Installation Practices 
Aircraft Electrical and 
Electronic Wiring 

Air Force and Army Technical Manual Installation Practices 
T.D. 1-1A-14 TM55-1500-323-24 Aircraft Electrical and 

Electronic Wiring 

FAA Advisory Circular 43.13.1A Acceptable Methods, Tech- 
niques, and Practices Air- 
craft Inspection and Repair 

FAA Advisory Circular 43.13.2A Acceptable Methods, Techni- 
ques and Practices Aircraft 
Alterations 

ii. 



CHAFING CONTROL GUIDE 
1.0 INTRODUCTION 

Normally, many modifications are incorporated into a new 
helicopter before it enters service. These modifications 
occur at the factory, at a customizing shop and by the 
operator himself. Most modifications impact aircraft wiring 
to some degree. Those mods that do not involve wires will 
many times disturb existing harness routing. With time and 
the added wire damage from routine maintenance, chafing 
problems may develop unless anti—chafing measures are 
included in routine maintenance. 

This chafing control guide shows examples of wire chafing 
problems and provides a suggested inspection/rework 
procedure to correct the problems. Some materials described 
are relatively new and may not be universally available. The 
U.S. Government or industry standard is referenced for each 
material when it is first introduced in this document. A 
convenient source for these products is the Benz Company. 
Benz kit, P/N BAS-KIT-OlO ( ) packages the standard 
materials in an organi2edfashioñ for your use. Figure 1-1 
shows a sample of the materials in the kit. The kit also 
contains instructions for application. It is available from 
Benz Airborne Systems, Box 183300, Fort Worth, Texas 76118. 
Phone: (817) 282—1212' Fax: (817) 831—7556. 

WARNING 

SOME REPAIRS/REWORK DESCRIBED IN THIS DOCUMENT REQUIRE THE 
USE OF A PORTABLE HAND-HELD HEAT GUN TO FORM HEAT SHRINKABLE 
TUBING. HEAT GUNS THAT USE ELECTRICAL MOTORS ARE NOT 
AUTHORIZED FOR USE ON FUELED HELICOPTERS BECAUSE OF THE 
POSSIBILITY OF IGNITING COMBUSTIBLE MIXTURES. EITHER DEFUEL 
l\ND PURGE THE FUEL SYSTEM OR USE A SPECIAL NITROGEN! 
COMPRESSED AIR HEAT GUN THAT IS APPROVED FOR USE ON FUELED 
AIRCRAFT. 

No two aircraft will have identical chafing problems. Please 
share your experience with anti-chafing efforts, 
anti-chafing plans, etc. with us so that future revisions to 
this guide will reflect a world wide environment from a 
broad mission base. The enclosed questionnaire provides a 
guide for your feedback information. 

SPECIAL OFFER 

Bell Helicopter will give a small model replica to the 
individual or company that returns the most informative 
questionnaire by 31 December 1990 to: 

Bell Helicopter Textron, Inc. 
Avionics/Electrical Group 
P. 0. Box 482 
Ft. Worth, Texas 76101 

1. 
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5.0 GENERAL 

Chafing is a natural phenomenon that occurs when two or more 
masses in contact with each other are excited by external 
driving forces. Vibrations common in helicopters are the 
driving forces. These forces (vibration) appear throughout 
the fuselage and vary in frequency, magnitude and direction. 
Any object (mass) that is attached to the fuselage is 
subjected to these forces. Electrical wire harnesses are 
especially affected because they are not completely 
supported along their entire length. Modern helicopters and 
especially those that are highly customized are more 
susceptible to chafing because of the large number of 
harnesses. 

Chafing causes wire insulation damage and ultimately permits 
short circuit "arcing" paths between individual wires or 
between wire and objects at different voltage levels. Figure 
5-1 shows a typical example of wire insulation damage caused 
by chafing. No wire in use today has insulation that will 
not be damaged by chafing. Chafing is therefore a potential 
problem in all helicopters. 

3. 

Figure 5-1. Typical Example of Wire Chafing Damage. 



10.0 CHAFING CONTROL PROGRAM 

Chafing problems occur as by products of the helicopter's 
induced vibration modes and of the integrity of its 
electrical system installation. Chafing occurs in flight - 

not in the hangar. Environmental parameters of temperature, 
humidity, altitude, etc., have little affect on chafing. The 
problem is subtle because of an extremely complex airframe 
vibration mode during flight. A smooth ride from the pilot 
seat is highly desirable but does not mean that the entire 
airframe is free from vibration induced problems. A small 
amplitude vibration in a specific area may correspond to the 
exact natural frequency of a wire harness installed in that 
area and result in major chafing. The fundamental portion 
of any chafing control plan centers around an inspection of 
the static airframe. This inspection must identify 
potential conditions that will produce chafing when the 
helicopter is in flight. 

A chafing control program should include: 

1. Timely inspections that reveal: 

a. Harness to harness chafing 
b. Harness to structure chafing 
c. Harness to component chafing 
d. Harness to fluid line chafing 
e. Short wire(s) in harness(es) 
f. Improperly stripped wires 
g. Individual wires with no strain relief 

2. Feedback to Bell relative to information and corrective 
action. 

4. 



15.0 ANTICHAFING INSPECTION PHILOSOPHY 

The best protection against wire chafing is proper wire 
harness installation. As helicopters are reconfigured for 
multiple mission requirements, the added wire harnesses may 
cause chafing. A "rule of thumb" calls for a minimum of 3/8 
inch clearance between properly supported harnesses to 
protect against chafing. Sometimes, minimum clearance and 
support are not possible. In these cases, additional 
materials may be installed to control chafing. 

In aircraft electrical/avionics systems, chafing damage can 
cause intermittent short circuits that adversely affect 
system operation. These intermittent problems are the most 
difficult to locate on a static aircraft. Chafing can be 
controlled either by eliminating or controlling contact or 
by eliminating relative motion. 

When inspecting an electrical wire harness installation, 
look for the following: 

1. Ease of Maintenance. Allow removal of equipment and 
access to harnesses for repairs and inspection. 

2. Bundle Size. Wires should be grouped together in bundles 
two inches in diameter or less. 

3. Dead Ending. Unterminated wires should be dead ended 
with MS25274 caps or with insulation tubing. Connectors 
for alternate mission equipment should be covered with a 
plastic bag, and stowed as shown in Figure 15—i. Clamp 
the bagged connector to structure or to a wire harness 
clamp installation so that water will not run down the 
wire harness and accumulate on the connector. 

4. Routing. Wire harnesses should be mechanically and 
electrically sound and neat in appearance. Routing should 
provide protection from the following hazards. 

a. Chafing 
b. Use as handholds 
c. Damage by personnel 
d. Damage by shifting cargo 
e. Damage by battery fumes and fluids 
f. Abrasion in wheel wells 
g. Damage in high wind and moisture areas 
h. Damage by moving parts 
i. Damage by heat in engine and exhaust compartments 

5. 



A. STOWING A CONNECTOR IN A 
PLASTIC BAG. 

B. BAG INSTALLED AND SECURED 
WITH FIRST PLASTIC TIE STRAP 
AT BACK OF CONNECTOR. TRIM 
PLASTIC TIE STRAR 

C. BAG IS THEN REVERSED OVER 
CONNECTOR AND SECURED WITH 
SECOND PLASTIC TIE STRAR 

D. TRIM EXCESS PLASTIC BAG. CON- 
NECTOR IS NOW READY TO BE 
SECURED. 

Figure 15-1. Connector Stowage. 
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5. Strain Relief at Termination. Wire terminations should 
have strain relief protection. Strain relief may be 
provided by (1) a connector manufacturer strain relief 
assembly (2) a heat shrinkable boot such as Raychem 
A222 or (3) a length of heat shrinkable tubing such as 
thermofit ATUM MIL-I-23053, UL File E46645, installed 
to wire—terminal ending. 

6. Wire Harness Support. 

a. Primary support of wire harnesses is provided by 
MS21919WDG cushion clamps or by MS25281 plastic 
clamps. Plastic clamps are used in electrical bus 
(circuit breaker) compartments. Cushion clamps must 
be compatible with the installation environment. 
Clamp shall be sized to hold the wiring in place 
without damaging insulation. Tape may be wrapped 
around harnesses between wire and clamps, to 
provide proper fit. 

TABLE 1. 

MS21919WDG CUSHION CLAMP PART NUMBER TO DIAMETER (INCHES) 

+ + + + + + + 
I DASH 

1 DASH I I DASH 1 1 

I NUMBER 
I 

DIAMETER 
I NUMBER I DIAMETER I NUMBER I 

DIAMETER 
1 

+ + + + + + + 
1 —1 

1 1/16 1 
—14 

1 7/8 —28 1 
1 — 3/4 1 

1 —2 
1 1/8 1 —15 1 15/16 1 —30 1 1 — 7/8 1 

1—3 13/16 1—16 I 1 1—32 12 
1 —4 

1 1/4 1 
—17 

1 
1 — 1/16 1 —34 1 2 — 1/8 1 

I —5 
1 5/16 1 —18 1 1 — 1/8 1 —36 1 2 — 1/4 1 

1 —6 1 3/8 1 —19 1 1 — 3/16 1 —38 1 2 — 3/8 1 

1—7 17/16 1—20 1 1—1/41—40 12—1/21 
1 —8 

1 1/2 1 —21 1 1 — 5/16 1 —44 
1 

2 — 3/4 1 

1 —9 I 9/16 1 —22 1 1 — 3/8 1 —48 
1 

3 
1 

—10 
1 5/8 1 —23 1 1 — 7/16 1 —52 1 3 — 1/4 1 

1 —11 
1 11/16 1 —24 1 1 — 1/2 1 —56 

1 
3 — 1/2 1 

1 —12 1 3/4 1 —25 1 1 — 9/16 1 —64 
1 

4 
1 

1 —13 1 13/16 1 —26 1 1 — 5/8 1 1 1 

+ + + + + + + 
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TABLE 2. 

MS25281R PLASTIC CLAMP PART NUMBER TO DIAMETER (INCHES) 

+ + + + + + 
I I I I 
I I I I I I I 
DASH DASH 

: 
DASH 

I I 

I 
NUMBER 

I 
DIAMETER 

I NUMBER 
I 

DIAMETER 
I 

NUMBER 
I 

DIAMETER 
I 

+ + + + + + + 
I I I I I I I I I I I I I I 
I —2 

1 1/8 I 
—10 

1 5/8 1 
—18 

1 
1 — 1/8 1 

I —3 
1 3/16 I 

—11 
1 11/16 1 

—20 
1 

1 — 1/4 1 

1 
—4 

1 1/4 1 
—12 

1 3/4 1 
—22 

1 
1 — 3/8 1 

I —5 1 5/16 1 
—13 

1 13/16 1 
—24 

1 
1 — 1/2 1 

I 
—6 

1 3/8 1 
—14 

1 7/8 1 —26 1 1 — 5/8 1 

I 
—7 

1 7/16 1 
—15 

1 15/16 1 
—28 

1 
1 — 3/4 1 

I 
—8 

1 1/2 
1 

—16 
1 

1 
1 —30 1 

1 — 7/8 1 

I 
—9 

1 9/16 1 
—17 

1 
1 — 1/16 1 

—32 
1 

2 

+ + + + + + + 

b. Secondary support shall be provided between primary 
support points. Secondary support materials are 
MIL-T-43435 string tie, MIL-S-23190 plastic cable 
straps, MIL-I-23594 insulation tape, and ATUM "shrink" 
tubing. 

c. Support Limitations. 

(1) Moisture-absorbent materials shall not be 
used. 

(2) Cable supports shall not interfere with the 
operation of shock mounts. 

(3) String tie, tape, tubing, and/or plastic cable 
straps shall not be used as primary cable 
support. 

(4) Plastic cable straps may not be used: 

(a) Where temperature exceeds 85 deg. C. 
(b) Where strap failure could allow 

displacement of the wiring into moving 
linkages. 

(c) Where strap failure would permit the strap 
to fall into mechanical parts. 

(d) In severe wind and moisture problem (swamp) 
areas. 

7. RF coaxial cable support devices shall provide minimum 
pressure sufficient to prevent slipping, but shall not 
deform the cable so that the electrical characteristics 
are degraded. Where possible, cushion clamp insert Bell 
Standard P/N 80-017 as shown in figure 15-2, shall be used. 

8. 
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Figure 15-2. Coaxial Cable Cushion Clamp Insert. 
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8. Service Loops. Panel mounted components require a 
service loop harness to allow removal and installation. 
The service loop should be supported with string tie 
only. Chafing protection is provided by Bell Standard 
130-053 expando sleeving. Plastic cable straps may snE 
expando sleeve and defeat the chafing protection. Use onl 
string ties on and in the vicinity of expando sleeve. 
Figure 15-3 shows anti-chafing rework techniques applied to 
a typical service loop. 

9. Hole Clearance. Wire harnesses with less than 3/8 inch 
clearance to structure (such or thorough a routing hole 
bulkhead) should be protected by a grommet to be bonded to 
structure. Figure 15—4 shows recommended clamping of a wire 
bundle routed through a hole. 

10. Flammable Lines. When wire harnesses are routed near 
flammable lines, maintain as much fixed separation as 
possible. When clearance is less than six inches, but two 
inches or more, clamp the harness independent of the 
flammable lines to maintain a minimum separation of two 
inches. If the clearance is less than two inches, clamp the 
wire harness and the flammable line together to maintain a 
minimum clearance of 1/2 inch. The latter clamping technique 
may be used as secondary cable support only. In all cases, 
string ties or plastic cable straps are used to prevent a 
wire broken at the clamp from contacting the flammable line. 

11. Radius of Bend. The minimum bend radius for supported wire 
harnesses is as follows: 

a. The minimum bend radius for unsupported single wires or 
cables is ten times the outside diameter of the wire or 
cable. However, if the wire or cable breakout is from 
a wire harnesses and is suitably supported the radius 
may be three times the outside diameter. 

b. Wire harness minimum bend radius is six times the 
harness diameter. In no case shall the bend radius 
be less than ten times the outside diameter of the 
largest wire or cable included in the harness. 

10. 



SERVICE LOOP HARNESS 

STRING TIE 

SERVICE LOOP HARNESS 

MAIN HARNESS 

DIMENSIONS: 

A —3 TO 6 INCHES 

B —4 TO 6 INCHES 

C —6 TO 8 INCHES 

D —3 INCHES 

Figure 15-3. Service Loop Anti-Chafing Techniques. 
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HARNESS IDENTIFICATION 
LABEL 

ATUM TUBING 
STRAIN RELIEF 

B EXPANDO SLEEVE 

/ 
90° BREAKOUT 

OR 
"Y" BREAKOUT 



A. CUSHION CLAMP AT 
BULKHEAD HOLE. 

B. CUSHION CLAMP AT 
BULKHEAD HOLE WITH 
M535489 GROMMET. 

C. CUSHION CLAMPAT 
BULKHEAD HOLE WITH 
M521266 GROMMET. 

Figure 15-4. Clamping at a Bulkhead Hole. 

12. 

CLEARANCE 
3/8" MINIMUM WIRES LESS THAN 3/8 INCH 

FROM HOLE EDGE 

ANGLE BRACKET WITH 
TWO POINT FASTENING 

ANGLE BRACKET WITH 
TWO POINT FASTENING 



20.0 INSPECTION 

Gain access to each compartment that exposes electrical 
wiring. To thoroughly inspect each compartment it may be 

necessary to remove components such as radios, navigation 
aids, etc. Pay special attention to previously repaired wire 
harnesses, areas where the harness may be wrapped with spiro 
wrap or tape, and areas with numerous wire splices installed as 
shown in figure 20-1. 

A properly installed wire harness will provide a minimum of 
3/8 inch clearance and have adequate support to prevent the 
harness from chafing. When the minimum clearance cannot be 
maintained, protection must be provided as described later in 
this document, to prevent chafing damage. 

Chafing, if present, will be harness to harness, harness to 

component, harness to structure, or harness to fluid line. 

13. 

Figure 20-1. Areas of Suspicion. 



21.0 HARNESS TO HARNESS CHAFING 

Wire harness damage can occur when one wire harness chafes 
on another wire harness. 

21.1 SERVICE LOOP HARNESSES 

A "service ioop" harness shall privide wire length to allow 
removal/installation of front mounted instruments and pedestal 
mounted components. Primary support for service loop harness is 
a cushion clamp and a connector at the harness termination. 
Secondary support is best provided by string tie. Chafing 
protection is provided by expando sleeving. Inspect service loop 
harnesses for the following. 

1. Adequate Length 

Component shall extend out from its mounting position a 
distance that permits rotating and unlocking (or locking) 
the electrical connector. Usually a distance of three to 
six inches, with all other components installed, is 
sufficient. 

2. Bundle Break Out Point 

a. Bundle break out point will be adequately supported 
with string tie. 

b. Service loop will not exceed the maximum bend 
radius of three times the harness diameter. 

c. The breakout point will be located directly behind, 
beside, below, or above the component so that the 
service loop harness does not bind other 
components. 

d. Plastic ties should not be used between the service 
loop breakout and the electrical connector. 

3. Service Loop Routing 

The service loop harness shall be routed directly from 
the breakout point to the component. The harness must 
not contact moving mechanical components or linkage. The 
harness shall not be wrapped or tangled with other 
service loop harnesses. 

4. Chafing Protection 

Secondary support for a service loop harness will be 

provided by string ties. Expando sleeve will cover the 
entire service loop from the connector to the break out 

point. Plastic tie straps may not be used on or in the 
vicinity of service loop harnesses. See Figure 15—3 for 
anti-chafing techniques. 

14. 



5. Service Loop Harness Termination 

Strain relief shall be provided at the service loop 
harness termination. Strain relief is provided by the 
connector manufacturer's backshell, heat shrinkable 
boot or ATUM tubing. See figure 36-1 for suggested 
installation of ATUM tubing. 

21.2 MAIN HARNESS BUNDLES 

Harness to harness chafing 
bundles. Inspect for the following. 

may occur in main harness 

1. Check along parallel runs where harnesses are routed 
together. Each harness should be supported by cushion or 
plastic clamps to prevent one harness from contacting 
another. 

2. Parallel routed harnesses may not be tied together with 
plastic tie straps. Spacer plate P/N MS3339 may be 
installed with plastic tie straps or string tie to maintain 
harness separation as shown in figure 21—1. 

3. The maximum harness bundle diameter is two inches. 

4. Primary support (clamps) and secondary support (plastic 
tie straps or string tie), should be tight enough to 
prevent harness slipping in the support. Support 
devices may not deform the wiring insulation. Plastic 
cable straps may not be used where their failure could 
allow a cable to contact a moving part or where their 
failure would allow them to fall into mechanical 
linkage. 

15. 

Figure 21-1. Separation of Main Wire Bundles. 



22.0 HARNESS TO COMPONENT 

Most damage caused by harness to component chafing may not be seen when the component is installed. Remove the 
component and inspect the wire harnesses in the area for 
chafing damage. Pay particular attention to large diameter 
power cables. In most cases harness to component chafing can 
be eliminated by reworking harness routing to provide 
adequate clearance. Plastic spiral wrap usually does not 
provide sufficient protection in harness to component chafing 
situations. The exception is a parallel arrangement of wire 
bundle to long, flat surface. 

16. 

Figure 22-1. Wire Harness to Component Chafing. 



23.0 HARNESS TO STRUCTURE 

Many wire insulations have better abrasion resistance than 
some structural materials. Harness to structure chafing can 
damage wiring harnesses and/or the structure as shown in figure 23—1. Refer to the appropriate maintenance manual for structure 
damage limits and repair. In some wiring installations steel 
braid jacked wire is installed. This type wire can damage stainless steel structure. Reworking the wire harness routing is the best method to eliminate harness to structure chafing. Steel braid jacketed wire should be routed separately. Plastic spiral 
wrap does not provide protection against this type chafing ATUM 
tubing, expando sleeve, spacer and grommet are preferred materials in this type chafing situation. Some chafing problems 
may require a combination of the above. 

Figure 23-1. Wire Harness to Structure Chafing. 

17. 



24.0 HARNESS TO LINE 

Flammable fluid lines must not contact wire harnesses (see 
figure 24—i). The minimum distance between unsupported 
lines and harnesses is six inches. The minimum distance 
between a clamped line and a clamped harness is two inches. 
The minimum distance between a line clamped to a harness 
is i/2 inch. A harness may be clamped to a line to maintain 
clearance, not to provide support. In an installation, 
secondary support (plastic cable straps or string tie) is 
installed on the harness at intervals to prevent a possible 
broken wire from contacting the line. 

WIRE BUNDLES RIGIDLY CLAMPED r ABOVE FLAMMABLE LINES OR 
EQUIPMENT. 

2" MIN. 

Figure 24-1. Installation of Wiring Near Flammable Lines. 

WIRE BUNDLES ON A LEVEL 
WITH OR ABOVE FLAMMABLE 

LINES OR EQUIPMENT. 

DETAIL A 

FLAMMABLE LINES OR EQUIPMENT 

WIRE ROUTED PARALLEL TO FLAMMABLE LINES OR EQUIPMENT 

FLAMMABLE 
LINES 

DETAIL B 

ILR 4J1J 
SEPARATION OF WIRES AND PLUMBING LINES 

WIRE BUNDLE 

DETAIL C 

FLAMMABLE 
LINES 

SEPARATION BY BUTTERFLY CLAMPING 
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25.0 IMPROPER WIRE STRIPPING 

Inspect wire terminations during rework to insure the wires 
are correctly stripped. The two most common defects in 
stripping are incorrect strip length and nicked or broken 
wire strands. Occasionally, an incorrectly stripped wire can 
be spotted during the inspection of a terminal module block. 
Bare copper strands should never be observed. Correct strap 
lengths are given in the tool kits referenced in paragraph 
25. 1.3. 

25.1 STRIP LENGTH 

Most termination components (connector contacts, ring 
lugs, and wire splices) provide a viewing window for 
inspecting the wire after the termination component is 
installed. Wire stripped too short will not make good 
contact with the termination device. Wire stripped too 
long provides excessive bare conductor and has poor 
mechanical strength and possibly could short circuit to other 
conductors. Use the following guides when inspecting strip 
length: 

1. Connector contacts. When the stripped portion of the 
wire is fully inserted (bottomed out) in the contact 
crimp barrel, the wire can be viewed at the 

inspection hole and a maximum of 1/32" (see figure 37-2) 
of wire may be viewed between the crimp barrel and the 
wire insulation. 

2. Ring Lugs and Wire Splice. Strip length for small 
gage wire terminated in ring lug and wire splice is 
as follows: 

TABLE 3. 

+ + + 
WIRE GAGE 

I 
STRIP LENGTH INCH 

+ + + 
I I 

1 26 — 24 
1 5/32 

1 
22 — 20 3/16 

1 
18 — 14 

1 1/4 
12 — 10 

: 9/32 
+ + + 

Refer to the manufacturer's recommended strip length for 
larger gage wire (AWG8-4/0). 

3. The Daniels 737 and CMS20 electrical tool kits provide 
exact stripped lengths for most connectors used in Bell 
helicopters. 
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25.2 NICKED OR BROKEN WIRE STRANDS 

Nicked or broken wire strands reduce the electrical current 
capacity and the mechanical strength of the terminated wire. 
The allowable number of nicked or broken strands versus wire 
gage size is as follows: 

TABLE 4. 

+ + + 
WIRE SIZE NICKED OR BROKEN 
AWG I 

STRANDS 
+ + + 

COPPER I 

22—12 
I 

NONE 

I 
10 I 

2 
8—4 

I 
4 

1 
2—0 

I 
12 I 

I ALUMINUM 
I 

ALL SIZES 
I 

NONE I 

+ + + 
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26.0 WIRE TERMINATION 

Most wiring failures occur at the termination. Usually, the 
termination device is mechanically supported. The wire 
harness has little mechanical support. The weakest point in a 
wire harness is the small length of bare wire between 
insulation ending and crimp connection. Some type of 
mechanical strain relief is needed at the wire termination 
point to prevent bending moments near short turn radii or 
vibrations from causing chafing and/or wire breakage. See 
paragraph 36.0 for suggestions. 

26.1 SINGLE WIRE TERMINATION 

Single wire terminations are used in chip detectors, 
fire bottle squibs, various temperature or pressure switches, 
ground connections, etc. Inspect the termination to insure no 
wire strands are bro.ken and the terminating device (ring lug 
or connector) is serviceable. Install a two inch length of 
ATUM tubing to provide strain relief. This strain relief can 
be hand formed while hot to effect routing as shown in figure 
36.1. 

26.2 CONNECTOR TERMINATION 

Connectors are used to provide quick disconnect 
features. Inspect connector contacts for signs of 
corrosion, pushed back contacts, and/or arcing. Inspect 
rubber moisture seal for deterioration and/or swelling 
caused by fuel, oil or solvent. Install a strain relief 
backshell, a connector boot, or ATUM tubing. See figure 36-1. 
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30.0 ANTI CHAFING REWORK INSTRUCTIONS 

Several techniques may be used to control chafing. In all 
cases, harness routing should be the first technique 
considered. Routing changes are generally limited by space 
available, harness length and physical space limitations. 
Harness support, both primary and secondary, can be added to 
prevent chafing. Routing and support techniques by themselves 
will not clear all chafing situations. In some cases, anti 
chafing material such as expando sleeve, teflon tape and 
grommets are added to eliminate the possibility of chafing 
damage. 

In addition to the above mentioned techniques, wire harness 
termination strain relief materials may be added. Strain 
relief is a combination of the three previously mentioned 
techniques. Strain relief controls routing at the point of 
Lrmination, provides support of the wire harness, and is 
constructed of a material that eliminates chafing damage. 

The following paragraphs describe many anti—chafing reworks 
that have been demonstrated to be effective anti-chafing 
control measures. 
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31.0 HARNESS TO HARNESS 

Chafing damage caused by harness to harness chafing is 
generally found in service loop harnesses and in areas 
where parallel harnesses are routed. See insulation 
damage repair paragraph 37. 

31.1 SERVICE LOOP HARNESSES 

The primary function of a service loop harness is to provide 
ease of maintenance. Chafing in service loop harnesses is 
controlled using the following techniques. The components 
mounted in the instrument panel and on the lower console are 
connected to aircraft wiring through service loops. 

1. Routing. Service loop harnesses should be routed 
directly from the harness bundle break out point to the 
component. The break out point should be selected so that 
the harness does not interfere with the operation of 
other components. Do not route service loop harnesses so 
that they can be used as handholds. Sufficient slack 
should be provided in the service loop harnesses to allow 
the components to extend so that the electrical 
connectors can be removed and connected without damage. 

2. Support. Only string tie may be used on service 

loop harnesses. A 90 degree or "Y" type spot tie is 
installed at the harness break out point on the 
harness bundle as shown in figure 15—3. String ties are 
installed on service loop harnesses at four to six inch 
intervals. 

3. Anti Chafing Material. Expando sleeving is 
installed over service loop harnesses to prevent 
harness to harness chafing as shown in figure 15-3. 
Expando sleeve is held in place with string ties at six 
to eight inch intervals. Harness identification labels 
are installed within three inches of the service loop 
harness termination. These labels should also be 
installed with string tie. Figure 31-1 shows a completed 
rework of an older helicopter that has been reworked with 
anti chafing materials. 

4. Strain Relief. Strain relief components may be installed 
to control routing where close clearance exists between 
termination and other components or bulkheads. Strain 
relief components provide support of the service loop 
harness at the termination point. Install connector 
manufacturers strain relief component, heat shrinkable 
boot, or a length of heat shrinkable ATUM tubing. The 
heat shrinkable boots will provide preselected angles of 
wire harenss termination when heat is applied. Heat 
shrinkable ATUM tubing is held at the desired angle until 
cool. 

23. 



Figure 31-1. Older Helicopter Reworked with Anti-Chafing Materials. 
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31.2 PARALLEL ROUTED HARNESSES 

Parallel routed harnesses are installed to minimize EMI 
between systems and to keep wire harness bundle size 
smaller than a two inch diameter. Chafing in parallel 
routed cables is controlled using the following 
techniques. 

1. Routing. Parallel routed harnesses must maintain 
their paralleled relationship throughout the 
installation. Harnesses may not be routed around 
clamps. 

2. Support. In parallel harnesses primary support 
clamps may be stacked using various arrangements of 
spacers and brackets. The clamp stack up provides 
separation of the harnesses. Select appropriate 
spacers and brackets to reposition one harness clear 
of another. Use ciamp1P/N.:MS21919WDG or MS25281 for 
wire harness primary support as shown in Table 1 and 2. 
Use clamp insert P/N 80-017 for RF coaxial cable support 
as shown in figure 15-2. Use string tie or plastic cable 
straps as secondary support for the individual harnesses. 
Secondary support is installed at eight inch maximum 
intervals, and at each harness break out point. 

3. Anti Chafing Material. In a parallel harness 
installation, harness separation may be maintained 
by installing MS3339 spacers as shown in Table 1 and 2. 
Break out harnesses are protected against chafing by 
installing a length of expando tubing, tape, or an ATUM 
tubing patch. 
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32.0 HARNESS TO COMPONENT 

Chafing damage caused by harness to component contact may be 
controlled by cable routing, support and anti-chafing 
material techniques. 

32.1 ROUTING 

Rework harness routing to provide a minimum of 3/8 inch 
clearance. If the component is a moving mechanical 
part, insure clearance is maintained throughout the 
components range of motion. Too much or too little slack 
in the harness may require loosening clamps to adjust 
the harness slack as required. When a harness is 
repositioned in this manner, insure the harness has 
adequate clearance, in all installed areas. In some cases, an 
ATUM patch as shown in figure 37-4 may be required to 
control, not prevent, chafing in congested areas. 

32.2 SUPPORT 

Primary support of wire harness is provided by cushion or 
plastic clamps. String ties or plastic cable straps provide 
secondary support. In some instances clearance may only be 
maintained by adding a clamp to hold the harness clear of the 
component(s) . Use appropriate clamps, spacers, and brackets 
to prevent harness to component contact. Secondary support at 
break out points may be moved to provide improved routing. 
Clamps may not interfere with the operation of shock mounts. 
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33.0 HARNESS TO STRUCTURE 

Rework harness installation to control harness to structure 
chafing. Insulation damage caused by chafing may also damage 
the airframe structure. Refer to maintenance manual for 
structural damage limits and repair procedures. 

33.1 BULKHEAD INSTALLATIONS 

Use cushion clamps and brackets and spacers to position a 
harness that is routed near a bulkhead. Maintain a minimum of 
3/8 inch clearance to bulkheads. If clearance is less than 
3/8 inch, use cushion clamps to secure the harness to the 
bulkhead. In areas where chafing may occur, wrap the harness 
with teflon tape or install expando sleeve or an ATUM patch 
as shown in figure 37-4. 

33.2 LIGHTENING HOLES 

Wire harnesses routed through lightening holes should be 
supported by cushion clamps at each lightening hole as shown 
in figure 15-4. Install brackets and spacer necessary to 
maintain 3/8 inch clearance to the lightening hole. In 
installations where clearance is less than 3/8 inch, install 
grommet P/N M521266 or MS35489 using 3M-847 adhesive. 

33.3 HINGES 

Harnesses are installed so that they twist rather than bend 
across a hinge as shown in figure 33-1. If chafing occurs in 
the hinge area, install a teflon chafe plate between the wire 
harness and the hinge. A chafe plate may be manufactured from 
.030 inch teflon stock MIL-P-22241TYII GRA. 

B. INCORRECT 

Figure 33-1. Wire Installation Across a Hinge Point. 
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34.0 HARNESS TO LINE 

Wire harnesses may not contact flammable fluid lines. Rework 
wire harness routing to maintain clearance. See figure 24-1. 

34.1 GREATER THAN SIX INCHES CLEARANCE 

Rework wire harness routing to maintain clearance greater 
than six inches. Install string ties or plastic straps at 
less than six inch intervals to prevent a broken wire from 
contacting the fluid line. 

34.2 LESS THAN SIX INCH CLEARANCE 

Wire harnesses routed with less than six inches to flammable 
fluid lines must be clamped to maintain two inch minimum 
clearance. Install string ties or plastic straps at less than 
two inch intervals to prevent a broken wire from contacting 
the fluid line. 

34.3 LESS THAN TWO INCH CLEARANCE 

Harnesses with less than two inches clearance to a flammable 
fluid line must be clamped to the fluid line to maintain 1/2 
inch minimum clearance. Clamping a harness to a fluid line is 
done to insure clearance only. Harness primary support is 
provided by other cushion clamps to airframe structure. 
Install string tie or plastic straps at less than 1/2 inch 
intervals to prevent a broken wire from contacting the fluid 
line. 
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35.0 WIRE STRIPPING/CRIMP INSTRUCTIONS 

Improperly stripped wires adversely effect the electrical 
and/or mechanical characteristics of the wire after 
installation. Improperly crimped terminations also effect 
the characteristics of wire installations. 

35.1 STRIPPING 

The most common errors in stripping are incorrect strip 
length and nicked and broken strands. Refer to paragraph 
25.0 for stripping and nicked and broken strands information. 
For best results, small gage (10 to 24) wire should be 
stripped with plier-type hand stripper, P/N 45-1654 with 
blades P/N 45-1654-1 for AWG 26-16 and blades P/N 45-1608-1 
for AWG 14-10. Wires AWG 8 and larger may be stripped with a 
knife. 

35.2 CRIMPING INSTRUCTIONS 

Use only recommended crimping tools for crimping wire 
terminations. Recommended tools vs termination components 
are listed in the following tool kits. Tool Kits are 
available as special order items from Bell spares or can be 
bought directly from Daniel's Tools or Graphic Data Kits. 

Helicopter Model are: 

TABLE 5. 
+ + + 

MODEL 
I 

BELL HELICOPTER MODEL 
+ + + 

DMC — 441 
1 

206B & 206L SERIES 
DMC — 491 

: 212/412 
DMC — 577 

1 222B/U 
DMC — 788 

1 
214ST 

DMC - 747 
1 

GENERAL 
CMS - 20 GENERAL 

+ + + 

These tool kits will provide tools for crimping 1OAWG wires 
and smaller. Wires 8AWG and larger require a hydraulic 
crimper that applies a 12 ton crimping force. Because of the 
limited number of large gage wires and the high cost of the 
hydraulic crimper, large gage wire crimping information is 
not included in this guide. 
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36.0 WIRE TERMINATIONS 

Most wiring failures occur at the point of wire termination. 
The termination component (contact or ring lug) is well 
supported and the wire harness is supported with clamps and 
string ties. The weak point is the short length of conductor 
between the insulation end and the crimp barrel. Vibration 
causes this portion of the wire to work harden, become 
brittle, and then break. To prevent this type failure, strain 
relief material is added as shown in figure 36-1 to support 
the wiring at the termination. 

36.1 SINGLE WIRE TERMINATIONS 

36.1.1 SINGLE CONDUCTOR WIRE, NON SHIELDED 

Single wires terminated in ring lugs are used for connections 
to chip detectors, pressure/temperature switches, relay 
terminals, airframe ground, etc. . Install a two inch length 
of ATUM tubing over the crimp barrel of the ring lug 
extending out over the wire as shown in figure 36-1. Once 
installed the ATUM tubing may be held at the desired routing 
angle until cool. 

36.1.2 SHIELDED WIRE TERMINATION 

Shielded wire termination will require that the shield 
portion of the wire be terminated or unterminated (floating). 
The best protection from interference is obtained when the 
shield is terminated at one end only. 

a. Unterminated Shield. Trim the outer jacket to expose a 
maximum of five inches of shield. Trim shield to 
approximately .25 inch. Fold shield back over outer 
jacket. Install a .75 inch length of ATUM tubing, 
centered over exposed shield. Terminate the insulated 
conductors so that the minimum length is available for 
termination (the maximum length is four inches) . Refer to 
Para. 36.2. 

b. Terminated Shields. Prepare the shield the same as 
unterminated, except install a solder sleeve shield 
terminator P/N M83519/2 instead of the ATUM tubing. 
Terminate the shield lead and the insulated conductors 
(refer to Para. 36.2) 

36.2 MULTI-CONTACT CONNECTOR TERMINATIONS 

In some circumstances connectors are installed vertically. If 
the wire harness produces any side load on the connector the 
rubber seal may become deformed and result in corrosion 
inside the connector. Installation of a strain relief device 
on the connector as shown in figure 36-1, will relieve the 
wire tension and improve mechanical strength of the wire 
harness installation. 
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WIRE TERMINATION 
ATUM TUBING STRAIN RELIEF 

SINGLE WIRE 
TERMINATION 

MULTIPLE WIRE 
CONNECTOR TERMINATION 

1/2 INCH LENGTH 
OF ATUM TUBE 

CUT HERE 

SMALL DIAMETER HARNESS SHIMMING 

WRAP TIGHTLY 

HOLD IN PLACE WITH 
PLASTIC TIE STRAP 
WHILE SHRINKING 
WITH HEAT GUN. 

REMOVE PLASTIC STRAP 
WHEN COOL. 

ONCE SHIM IS INSTALLED, 
FOLLOW PROCEDURE FOR 
MULTIPLE WIRE CONNECTOR 

TERMINATION. I 
Figure 36-1. Wire Termination ATUM Tubing Strain Relief. 
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1. Connector manufacturers strain relief backshell may be 
installed to add strain relief to the wire harness 
termination. To install these devices the connector must 
be removed and then reinstalled after the strain relief 
backshell is installed. These backshells provide the best 
mechanical support for the harness termination, however 

they provide the least protection from a corrosive 
environment. 

2. Preformed heat-shrinkable boots may be installed on 
connector terminations. These devices will slide over the 
connector and will provide various (0-90 degrees) angles 
of termination. These boots provide good mechanical and 
excellent environmental protection for wire harness 
terminations. Adhesive P/N S-1125, as shown in figure 
36-2 may be installed at both ends of the boots to insure 
environmental sealing. 

3. A two or three inch length of ATUM tubing offers the best 
solution for an added backshell. The ATUM tubing will 
slide over the connector and must be held at the desired 
angle until cool as shown in figure 36-1. Because ATUM 
tubing has a thermal setting plastic, environmental 
sealing is easily attained. Of the three techniques of 
providing strain relief to connectors, this is 
recommended because of ease of installation and ATUM 

tubing is the least expensive material. An ATUM tubing 
backshell will provide good mechanical and environmental 
protection to wire harness. 
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Shrink the connector/adaptor end of the moulded 
part. Apply further adhesive to both the cable end 
of the moulded part and the cable jacket and 
complete shrinking. Remove excess adhesive 
from all areas immediately. 

Cure. 24 hours at room temperature is sufficient to 
allow handling of components. Maximum strength 
is not typically reached until after seven days. 
Curing may be accelerated by subjecting the 
adhesive joint to 85CC for one hour. 

Figure 36-2. Application of Preformed Heat Shrinkable Boot 
Using Raychem S-1125 for an Environmental Seal. 

I Installation Instructions 
Slide clip off dual pack. 

Thoroughly mix both grey and black parts. 

3 Thoroughly abrade and degrease the moulded 
part and cable jacket and degrease only the 
connector or adaptor using a suitable solvent, eg. 
Methyl Ethyl Ketone or Trichloroethane. 

Using the spatula, apply the adhesive to the 
connector/adaptor and the moulced part. 

4 

5 

6 
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37.0 INSULATION DAMAGE REPAIR 

Wiring insulation damage may be repaired by splicing or, in 
large gage wire, by covering the damaged area with ATUM 
tubing. 

37.1 SPLICING 

37.1.1 SINGLE CONDUCTOR WIRE 

If there is sufficient slack in the damaged wire to allow a 
splice to be installed, cut the wire at the damaged area and 
install a recommended splice. If the wire is "too short" a 
section of the same gage wire may be added with two in line 
splices. 

TABLE 6. 

+ + + + 
: 

WIRE : COLORED BAND I SPLICE I 

I 
GAGE 

I I PART NUMBER 
I 

+ + + + 

I 
20—26 1 

RED 
I M81824/1—1 I 

I 
16—20 1 

BLUE 
I M81824/1—2 I 

I 
12—16 1 

YELLOW 
I M81824/1—3 I 

I I I 
+ + + + 

Use crimp tool P/N AD-1377 for splice P/N M81824/1-X. 
Figure 37-2 shows splice components. 

NOTE: Wires larger 8 than AWG should not be spliced. 

37.1.2 SHIELDED CONDUCTOR WIRE 

Shielded conductor wire may be spliced to repair chafing 
damage. If there is sufficient slack, cut the wire and 
install a shield splice. Refer to Figure 37-1 for sequential 
splicing procedure. It is preferred to stagger the center 
conductor splices in multi—conductor shielded wire, however, 
these splices may be installed parallel. If the area of 
damage requires replacing a section of wire, it is preferred 
to install one splice and route new wire to the termination 
device. A maximum of two shield splices may be installed per 
shielded wire installation. 

37.1.3 COAXIAL AND TRIAXIAL WIRE 

Splicing coaxial and triaxial wire is not recommended. 

Losses in signal strength caused by splicing may reduce the 
operational capabilities of components interconnected by 
coaxial or triaxial wire. 
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Figure 37-1. Shielded Conductor Splice. 

___ 
PREPARED COMPONENTS 

2-1/16 INCH (0.8-1.6mm) 

SEALING SLEEVE 
CRIMP BARREL 

COMPLETED SPLICE 

Figure 37-2. Single Conductor Splice Components. 
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37.2 ATUM TUBING 

ATUM tubing has many uses. Its 4:1 shrink ratio permits it 
to be installed over large connectors, lugs and other 
terminal objects. The inside diameter of ATUM is coated 
with thermosetting plastic which melts as' the tubing is 
shruk with temperature. When cool, the thermoset plastic 
adheres and prevents slipping. Typical applications are 
shown in figure 36—i and below. 

37.2.1 INSULATION DAMAGE REPAIR 

ATUM tubing may be used to repair insulation damage on 
wires 8 AWG and larger. Insulation damaged wires that 

expose wire strands through the damaged area must be 
replaced. If no wire strand damage has occurred, install a 
length of ATUM tubing, two inches longer than the area of 
insulation damage as shown in figure 37-3. 

CHAFFED AREA \ 

Figure 37-3. Insulation Damage Repair. 
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37.2.2 A "patch" can be applied to an intermediate section of a 
wire harness. Refer to Figure 37-4 and cut a section of 
thermof it ATUM, available in BAS-KIT-OlO kit, (typically 
approximately 2 inches long). Cut along the length as shown 
and wrap over the chafe area. Place a clamp (an office 
paper clamp or equivalent) along the length. By hand, work 
the wires to form a flat "pad" in the chafe area. Use 
needle nose pliers, forceps and/or other available tools to 
retain the flat section of wiring as heat is applied to 
shrink the tubing. The flat section will distribute chafing 
forces over a larger area. 

Figure 37-4. AlUM Patch. 

37. 

I 



37.2.3 Space, safety or location restrictions may precede the 
possibility of applying an ATUM patch to prevent chafing 
between wire harness and a "black box" component. Remove 
the black box and attach an ATUM patch. 

CAUTION 

This procedure requires heating the 
black box surface and ATUM patch 
simultaneously. Remove or protect 
extremely sensitive electronic 
components that might be damaged from 
the applied heat of the heating device. 

Cut a section of ATUM tubing similar to that described above to 
make the ATUM patch. Secure one end of the patch to the black box 
with tape. While holding the opposite end with a clamp, apply heat 
to the patch and black box simultaneously until the patch shrinks 
and the thermoset plastic melts. Press the patch against the black 
box until a small bead of the thermoset plastic is observed. Hold 
in place until cool. 
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