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CHAPTER 11. AIRCRAFT ELECTRICAL SYSTEMS

SECTION 1. INSPECTION AND CARE OF ELECTRICAL SYSTEMS

11-1. GENERAL. The term ‘“‘electrical
system” as used in this AC means those parts
of the aircraft that generate, distribute, and use
electrical energy, including their support and
attachments. The satisfactory performance of
an aircraft is dependent upon the continued re-
liability of the electrical system. Damaged
wiring or equipment in an aircraft, regardless
of how minor it may appear to be, cannot be
tolerated. Reliability of the system is propor-
tional to the amount of maintenance received
and the knowledge of those who perform such
maintenance. It is, therefore, important that
maintenance be accomplished using the best
techniques and practices to minimize the pos-
sibility of failure. This chapter is not intended
to supersede or replace any government speci-
fication or specific manufacturer’s instruction
regarding electrical system inspection and re-
pair.

11-2. INSPECTION AND OPERATION
CHECKS. Inspect equipment, electrical as-
semblies, and wiring installations for damage,
general condition, and proper functioning to
ensure the continued satisfactory operation of
the electrical system. Adjust, repair, overhaul,
and test electrical equipment and systems in
accordance with the recommendations and
procedures in the aircraft and/or component
manufacturer’s maintenance instructions. Re-
place components of the electrical system that
are damaged or defective with identical parts,
with aircraft manufacturer’s approved equip-
ment, or its equivalent to the original in oper-
ating characteristics, mechanical strength, and
environmental specifications. A list of sug-
gested problems to look for and checks (Refer
to the glossary for a description of the check
types) to be performed are:
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a. Damaged, discolored, or overheated
equipment, connections, wiring, and installa-
tions.

b. Excessive heat or discoloration at high
current carrying connections.

¢. Misalignment of electrically driven
equipment.

d. Poor electrical bonding (broken, dis-
connected or corroded bonding strap) and
grounding, including evidence of corrosion.

e. Dirty equipment and connections.

f. Improper, broken, inadequately sup-
ported wiring and conduit, loose connections
of terminals, and loose ferrules.

g. Poor mechanical or cold solder joints.

h. Condition of circuit breaker and
fuses.

i. Insufficient clearance between exposed
current carrying parts and ground or poor in-
sulation of exposed terminals.

j- Broken or missing safety wire, broken
bundle lacing, cotter pins, etc.

k. Operational check of electrically oper-
ated equipment such as motors, inverters, gen-
erators, batteries, lights, protective devices,
ete.

1. Ensure that ventilation and cooling air
passages are clear and unobstructed.
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SECTION 8. WIRING INSTALLATION INSPECTION REQUIREMENTS

11-96. GENERAL. Wires and cables
should be inspected for adequacy of support,
protection, and general condition throughout.
The desirable and undesirable features in air-
craft wiring installations are listed below and
indicate conditions that may or may not exist.
Accordingly, aircraft wiring must be visually
inspected for the following requirements:

CAUTION: For personal safety, and
to avoid the possibility of fire, turn off
all electrical power prior to starting
an inspection of the aircraft electrical
system or performing maintenance.

a. Wires and cables are supported by
suitable clamps, grommets, or other devices at
intervals of not more than 24 inches, except
when contained in troughs, ducts, or conduits.
The supporting devices should be of a suitable
size and type, with the wires and cables held
securely in place without damage to the insu-
lation.

b. Metal stand-offs must be used to
maintain clearance between wires and struc-
ture. Employing tape or tubing is not accept-
able as an alternative to stand-offs for main-
taining clearance.

¢. Phenolic blocks, plastic liners, or
rubber grommets are installed in holes, bulk-
heads, floors, or structural members where it is
impossible to install off-angle clamps to
maintain wiring separation. In such cases, ad-
ditional protection in the form of plastic or in-
sulating tape may be used.

d. Wires and cables in junction boxes,

panels, and bundles are properly supported and
laced to provide proper grouping and routing.
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e. Clamp retaining screws are properly
secured so that the movement of wires and ca-
bles is restricted to the span between the points
of support and not on soldered or mechanical
connections at terminal posts or connectors.

f. Wire and cables are properly supported
and bound so that there is no interference with
other wires, cables, and equipment.

g. Wires and cables are adequately sup-
ported to prevent excessive movement in areas
of high vibration.

h. Insulating tubing is secured by tying,
tie straps or with clamps.

i. Continuous lacing (spaced 6 inches
apart) is not used, except in panels and junc-
tion boxes where this practice is optional.
When lacing is installed in this manner, out-
side junction boxes should be removed and re-
placed with individual loops.

j. Do not use tapes (such as friction or
plastic tape) which will dry out in service, pro-
duce chemical reactions with wire or cable in-
sulation, or absorb moisture.

k. Insulating tubing must be kept at a
minimum and must be used to protect wire and
cable from abrasion, chafing, exposure to
fluid, and other conditions which could affect
the cable insulation. However; the use of in-
sulating tubing for support of wires and cable
in lieu of stand-offs is prohibited.

1. Do not use moisture-absorbent material
as “fill” for clamps or adapters.

m. Ensure that wires and cables are not

tied or fastened together in conduit or insulat-
ing tubing.
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n. Ensure cable supports do not restrict
the wires or cables in such a manner as to in-
terfere with operation of equipment shock
mounts.

o. Do not use tape, tie straps, or cord for
primary support.

p- Make sure that drain holes are pres-
ent in drip loops or in the lowest portion of
tubing placed over the wiring.

q. Ensure that wires and cables are
routed in such a manner that chafing will not
occur against the airframe or other compo-
nents.

r. Ensure that wires and cables are po-
sitioned in such a manner that they are not
likely to be used as handholds or as support for
personal belongings and equipment.

s. Ensure that wires and cables are
routed, insofar as practicable, so that they are
not exposed to damage by personnel moving
within the aircraft.

t. Ensure that wires and cables are lo-
cated so as not to be susceptible to damage by
the storage or shifting of cargo.

u. Ensure that wires and cables are
routed so that there is not a possibility of dam-
age from battery electrolytes or other corrosive
fluids.

v. Ensure that wires and cables are ade-
quately protected in wheel wells and other ar-
eas where they may be exposed to damage
from impact of rocks, ice, mud, etc. (If re-
routing of wires or cables is not practical, pro-
tective jacketing may be installed). This type
of installation must be held to a minimum.

w. Where practical, route electrical wires
and cables above fluid lines and provide a 6

inch separation from any flammable liquid,
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fuel, or oxygen line, fuel tank wall, or other
low voltage wiring that enters a fuel tank and
requires electrical isolation to prevent an igni-
tion hazard. Where 6 inch spacing cannot
practically be provided, a minimum of 2 inches
must be maintained between wiring and such
lines, related equipment, fuel tank walls and
low voltage wiring that enters a fuel tank.
Such wiring should be closely clamped and
rigidly supported and tied at intervals such that
contact betweden such lines, related equip-
ment, fuel tank walls or other wires, would not
occur, assuming a broken wire and a missing
wire tie or clamp.

X. Ensure that a trap or drip loop is
provided to prevent fluids or condensed mois-
ture from running into wires and cables
dressed downward to a connector, terminal
block, panel, or junction box.

y. Wires and cables installed in bilges
and other locations where fluids may be
trapped are routed as far from the lowest point
as possible or otherwise provided with a
moisture-proof covering.

z. Separate wires from high-temperature
equipment, such as resistors, exhaust stacks,
heating ducts, etc., to prevent insulation break-
down. Insulate wires that must run through
hot areas with a high-temperature insulation
material such as fiberglass or PTFE. Avoid
high-temperature areas when using cables
having soft plastic insulation such as polyeth-
ylene, because these materials are subject to
deterioration and deformation at elevated tem-
peratures. Many coaxial cables have this type
of insulation.

aa. The minimum radius of bends in
wire groups or bundles must not be less than
10 times the outside diameter of the largest
wire or cable, except that at the terminal strips
where wires break out at terminations or re-

Par 11-96




9/27/01

verse direction in a bundle. Where the wire is
suitably supported, the radius may be 3 times
the diameter of the wire or cable. Where it is
not practical to install wiring or cables within
the radius requirements, the bend should be
enclosed in insulating tubing. The radius for
thermocouple wire should be done in accor-
dance with the manufacturer’s recommenda-
tion and shall be sufficient to avoid excess
losses or damage to the cable.

bb. Ensure that RF cables, e.g., coaxial
and triaxial are bent at a radius of no less than
6 times the outside diameter of the cable.

cc. Ensure that wires and cables, that
are attached to assemblies where relative
movement occurs (such as at hinges and ro-
tating pieces; particularly doors, control sticks,
control wheels, columns, and flight control
surfaces), are installed or protected in such a
manner as to prevent deterioration of the wires
and cables caused by the relative movement of
the assembled parts.

dd. Ensure that wires and electrical ca-
bles are separated from mechanical control ca-
bles. In no instance should wire be able to
come closer than 1/2 inch to such controls
when light hand pressure is applied to wires or
controls. In cases where clearance is less than
this, adequate support must be provided to
prevent chafing.

ee. Ensure that wires and cables are
provided with enough slack to meet the fol-
lowing requirements:

(1) Permit ease of maintenance.

(2) Prevent mechanical strain on the
wires, cables, junctions, and supports.

(3) Permit free movement of shock and
vibration mounted equipment.
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(4) Allow shifting of equipment, as
necessary, to perform alignment, servicing,
tuning, removal of dust covers, and changing
of internal components while installed in air-
craft.

ff. Ensure that unused wires are indi-
vidually dead-ended, tied into a bundle, and
secured to a permanent structure. Each wire
should have strands cut even with the insula-
tion and a pre-insulated closed end connector
or a l-inch piece of insulating tubing placed
over the wire with its end folded back and tied.

gg. Ensure that all wires and cables are
identified properly at intervals of not more
than 15 inches. Coaxial cables are identified at
both equipment ends.

11-97. WIRING REPLACEMENT. Wir-
ing must be replaced with equivalent wire (see
paragraph 11-78) when found to have any of
the following defects:

a. Wiring that has been subjected to
chafing or fraying, that has been severely dam-
aged, or that primary insulation is suspected of
being penetrated.

b. Wiring on which the outer insulation is
brittle to the point that slight flexing causes it
to crack.

¢. Wiring having weather-cracked outer
insulation. '

d. Wiring that is known to have been ex-
posed to electrolyte or on which the insulation
appears to be, or is suspected of being, in an
initial stage of deterioration due to the effects
of electrolyte.
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e. Check wiring that shows evidence of
overheating (even if only to a minor degree)
for the cause of the overheating.

f. Wiring on which the insulation has be-
come saturated with engine oil, hydraulic fluid,
or another lubricant.

g. Wiring that bears evidence of having
been crushed or severely kinked.

h. Shielded wiring on which the metallic
shield is frayed and/or corroded. Cleaning
agents or preservatives should not be used to
minimize the effects of corrosion or deteriora-
tion of wire shields.

i. Wiring showing evidence of breaks,
cracks, dirt, or moisture in the plastic sleeves
placed over wire splices or terminal lugs.

j»  Sections of wire in which splices occur
at less than 10-foot intervals, unless specifi-
cally authorized, due to parallel connections,
locations, or inaccessibility.

k. When replacing wiring or coaxial ca-
bles, identify them properly at both equipment
and power source ends.

. Wire substitution-In the repair and
modification of existing aircraft, when a re-
placement wire is required, the maintenance
manual for that aircraft should first be re-
viewed to determine if the original aircraft
manufacturer (OAM) has approved any sub-
stitution. If not, then the OAM should be
contacted for an acceptable replacement.

m. Testing of the electrical and chemi-
cal integrity of the insulation of sample wires
taken from areas of the aircraft that have expe-
rienced wiring problems in the past, can be
used to supplement visual examination of the
wire. The test for chemical integrity should be
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specific for the degradation mode of the insu-
lation. If the samples fail either the electrical
or chemical integrity tests, then the wiring in
the area surrounding the sampling area is a
candidate for replacement.

11-98. TERMINALS AND TERMINAL
BLOCKS. Inspect to ensure that the follow-
ing installation requirements are met:

a. Insulating tubing is placed over termi-
nals (except pre-insulated types) to provide
electrical protection and mechanical support
and is secured to prevent slippage of the tubing
from the terminal.

b. Terminal module blocks are securely
mounted and provided with adequate electrical
clearances or insulation strips between
mounting hardware and conductive parts, ex-
cept when the terminal block is used for
grounding purposes.

¢. Terminal connections to terminal
module block studs and nuts on unused studs
are tight.

d. Evidence of overheating and corro-
sion is not present on connections to terminal
module block studs.

e. Physical damage to studs, stud threads,
and terminal module blocks is not evident.
Replace cracked terminal strips and those
studs with stripped threads.

f. The number of terminal connections
to a terminal block stud does not exceed four,
unless specifically authorized.

g. Shielding should be dead-ended with
suitable insulated terminals.

h. All wires, terminal blocks, and indi-

vidual studs are clearly identified to corre-
spond to aircraft wiring manuals.
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SECTION 11.

11-146. GENERAL. Wires and wire bun-
dles must be supported by using clamps meet-
ing Specification MS-21919, or plastic cable
straps in accessible areas if correctly applied
within the restrictions of paragraph 11-158.
Clamps and other primary support devices
must be constructed of materials that are com-
patible with their installation and environment,
in terms of temperature, fluid resistance, expo-
sure to ultraviolet (UV) light, and wire bundle
mechanical loads. They should be spaced at
intervals not exceeding 24 inches. Clamps on
wire bundles should be selected so that they
have a snug fit without pinching wires, as
shown in figure 11-11 through figure 11-13.

CAUTION: The use of metal clamps
on coaxial RF cables may cause prob-
lems if clamp fit is such that RF ca-
ble’s original cross-section is distorted.

a. Clamps on wire bundles should not
allow the bundle to move through the clamp
when a slight axial pull is applied. Clamps on
RF cables must fit without crushing and must
be snug enough to prevent the cable from
moving freely through the clamp, but may al-
low the cable to slide through the clamp when
a light axial pull is applied. The cable or wire
bundle may be wrapped with one or more turns
of electrical tape when required to achieve this
fit. Plastic clamps or cable ties must not be
used where their failure could result in inter-
ference with movable controls, wire bundle
contact with movable equipment, or chafing
damage to essential or unprotected wiring.
They must not be used on vertical runs where
inadvertent slack migration could result in
chafing or other damage. Clamps must be in-
stalled with their attachment hardware posi-
tioned above them, wherever practicable, so
that they are unlikely to rotate as the result of
wire bundle weight or wire bundle chafing.
(See figure 11-11.).
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CLAMPING

b. Clamps lined with nonmetallic mate-
rial should be used to support the wire bundle
along the run. Tying may be used between
clamps, but should not be considered as a sub-
stitute for adequate clamping. Adhesive tapes
are subject to age deterioration and, therefore,
are not acceptable as a clamping means.

¢. The back of the clamp, whenever
practical, should be rested against a structural
member. Stand-offs should be used to main-
tain clearance between the wires and the
structure. Clamps must be installed in such a
manner that the electrical wires do not come in
contact with other parts of the aircraft when
subjected to vibration. Sufficient slack should
be left between the last clamp and the electri-
cal equipment to prevent strain at the terminal
and to minimize adverse effects on shock-
mounted equipment. Where wires or wire
bundles pass through bulkheads or other
structural members, a grommet or suitable
clamp should be provided to prevent abrasion.

d. When wire bundle is clamped into
position, if there is less than 3/8-inch clearance
between the bulkhead cutout and the wire bun-
dle, a suitable grommet should be installed as
indicated in figure 11-14. The grommet may
be cut at a 45 degree angle to facilitate instal-
lation, provided it is cemented in place and the
slot is located at the top of the cutout.

11-147. WIRE AND CABLE CLAMPS
INSPECTION. Inspect wire and cable
clamps for proper tightness. Where cables
pass through structure or bulkheads, inspect
for proper clamping and grommets. Inspect
for sufficient slack between the last clamp and
the electronic equipment to prevent strain at
the cable terminals and to minimize adverse
effects on shock-mounted equipment.
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