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1. Scope—This SAE Recommended Practice covers the design and application of primary on-board wiring
distribution system harnesses to road vehicles. This document applies to any wiring system which contains
one or more circuits operating between 50 V DC or AC RMS and 600 V DC or AC RMS excluding automotive
ignition cable.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified

herein. Un

less otherwise specified, the latest issue of SAE publications shall apply.

2.1.1 SAE PusBLIcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
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3. General

3.1 Definitions

3.11

3.1.2

CIRcUIT PROTECTION DEVICE—A fuse, circuit breaker, PTC or NTC (Positive Thermal Coefficient or Negative
Thermal Coefficient), intelligent contactor, or other device placed in an electrical circuit to provide current

overload

protection.

HiGH VOLTAGE—ANY wiring system which contains one or more circuits operating between 50 V DC or AC
RMS and 600 V DC or AC RMS.

3.2 Insulated Cable

3.21

3.2.2

3.23

3.24

3.25

3251

3252

All insula

or AC RNIS and wire carrying less than 50 V which are combined into the same hamess
voltage; wire shall conform to SAE J1654.

Select cqble insulation in accordance with the vehicle’s working environment. Systeni
and environmental factors such as flexing, heat, cold, bend, fldid exposure, dig¢lectric, abrasion,
short circlit, and pinch resistance among others.

physical

ed cables carrying voltages greater than 50 V DC or AC RMS and less than(0r-€

qual to 600 V DC
bundle with high

s must allow for

Some caple insulations exhibit thermoplastic cold flow under gerfain conditions. Care should be taken in

choosing
leaks.

SAE J11
dictate w

exposure| must also be considered.

It is desin

CABLE SiZE DETERMINATION

Cable gize is determined by considering the following factors:

Mal
Mal
Ca
Ca

eooTo

cables passing through environmental cable seals<r strain relief connectors to

P7 and J1128 specify normal cable fluid exposure test requirements. Specifig
nether these or additional fluid compatibility tests need to be added. Failure mode

Eimum temperature rise above ambient with steady-state current or anticipated dy
imum temperature rise in a fault condition in power distribution circuits

ble sizeappropriate for selected connectors
ble mechanical strength

prevent moisture

applications will
s resulting in fluid

Able for the wire of any one circuitto be of uniform color code throughout the cirjcuit regardless of
the number of connections. A circuit is assumed to be continuous until it is interrupted by a
contact, gr when it reaches a load (such-as a motor, actuator, resistive device, etc.).

Felay, fuse, switch

ty cycles

The maximumTsteady=-statetemperature stroufd ot exceedthetemperature Tatimgof

e wire insulation,

connector material, or other materials which the cable may contact (it may be permissible to exceed the
temperature rating of the wire for short periods of time per individual manufacturer specifications). Ampere
capacity of cables is a function of many variables. Some of these are:

Ins
Ins

@000 TD

Conductor size (gauge)

ulation material
ulation wall thickness

Ambient temperature

Proximity to heat sinks and heat sources
Wiring bundle size

Conductor material
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3.2.5.3 Cable selection is determined by analysis of the vehicle electrical system. A basic approach is as follows:

a. Determine the load characteristics of each electrical component in the circuit. This must include
steady-state current levels, voltage requirements, transient conditions, and current levels and current
wave form shape (steady on, pulsed, frequency, etc.). Consideration must be given to manufacturer
re-ratings based on the operating environment.

b. Select each circuit protection device size based on total load current and some safety margin to
prevent inadvertent opening under normal conditions. A determination must also be made as to
whether circuit protection philosophy will be to protect the wiring only or the wiring and devices. If
devices are to be protected, the current draw during failure must also be determined and taken into
account.

c. Determine the cable type and size for each circuit that is to be protected by the circuit protection device
selgcted in step (b). Steady-state continuous or anticipated duty cycle currents mLJst not result in a
totgl cable temperature that exceeds the continuous operation temperature (of-fhe insulation as

ified by the manufacturer. Refer to manufacturer’s specifications for cable.ratings, if available.
Conditions exceeding the steady-state cable rating for a short period ef lime without permanent
dedradation of the cable may be permissible. Refer to cable manufacturer's specifications. All
apglications must be tested theoretically or empirically.

d. Thqg cable and circuit protection device must be properly matched. \Ificable thermal rating is exceeded,
then a larger cable conductor or upgraded insulation must be seleested or circuit protgdction must be re-
evajuated.

3.2.5.4 Resistije heating of a given cable contained within a bundle_of cables may be more pr less since the
surrounding cables will act as a heat sink or source. The “effective” ampere capacity|may increase or
decreage for a given cable in a wiring bundle. The effect of bundle size on cable ampere capacity is
iclto each application and must be tested to determine if smaller cables may be usqd.

3.2.5.5 Determ|nation of the optimal cable size also depenhds on allowable voltage drop and conductor resistance.

3.2.5.6 Cable selection for mechanical strength shall be based on factors such as susceptibility o damage during
on and use. Cables contained within a wire bundle may be smaller than those in harness

branches or routed separately.

3.3 Conductor|Splicing
3.3.1 In generd|l, splices shouldbe avoided whenever possible. If splices are required, corlductors shall be
mechanically attached, crimped, soldered, swaged, brazed, welded, etc., with other conductors to form a

wire splice. All wiresplices shall conform with the electrical specifications for splices per SAE J163.

3.3.2 Splices shall.be electrically and mechanically secure to withstand all fabrication, installation, and vehicle
environment-abuse.

3.3.3 Splices shall be insulated. Insulated splices shall meet the insulation resistance and dielectric requirements
of SAE J1654.

3.3.4 Insulated splices shall meet the fluid, coolant, and battery electrolyte compatibility requirements of SAE
J1127, J1128, and J1654 if exposed to these fluids.
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3.4 Terminal a

nd Connector Function

3.4.1 Terminal and connector test procedure and performance requirements shall conform to SAE J1742.

3.4.2 TERMINAL

3.4.2.1 A corro

SELECTION

sion-resistant conductive plating is recommended.

3.4.2.2 Terminal materials and platings shall be chosen to reduce galvanic corrosion when mated.

3.4.2.3 Terminal and/or connector body device shall have cable insulation support.

3.4.3 CONNECT

3.4.3.1 Cable
J1742.

3.4.3.2 Conneq
of keys

3.4.3.3 All con
must b
environ

3.4.34 Second

3.4.4 Allconne
proof box

3.4.5 All cavitig

OR SELECTION

tors located in close proximity or where possibility of cross mating\ exists shall bg
or similar features. Color coding of the connector body is also,recommended.

hections located outside of the passenger compartment orJin environmentally U
e environmentally sealed per SAE J1742. Ring terminalsimay be used, but must
mental exposure and must be adequately covered ta protect from shock hazard.

ary locks for the terminal and/or connector are highly recommended.

ctions with live circuits exposed must conform to the safety access restrictions in U
es, connector electrical/mechanical interlocks, etc., must be used.

s should be identified by numbersletters, or symbols.

3.5 Wire Assembly Construction

3.51 Conductd

rs are to be grouped orbundled, where practical, in cable or harness form.

3.5.2 Wiring harness coverings shall furnish protection during all phases of handling, trans

assembly

3.5.3 Harnessq
material.
orange; ¢

and operationi\Reference SAE J1292.

s containing high voltage shall be visually identified with a permanent orange
Individual cables routed separately and not protected by auxiliary covering
.d.,the’positive cable could be orange and the negative cable could be orange wi

0 cable and device (panel mount) connections shall have positive locking-featur¢s. Refer to SAE

polarized by use
nprotected areas

be protected from

L 1244. Tamper-

portation, vehicle

harness covering
Ehall be primarily
h a black stripe.

For internal wiring of discrete and closed components such as inverters, junction blocks, battery packs, etc.,
or the vehicle charge interface, one of the following techniques should be utilized depending on the service

policy:

a. Cover all High Voltage internal wiring in orange.
b. Clearly mark the box with High Voltage warning labels.

This requirement does apply to cables that are part of a component such as fly leads, pigtails, etc.

Color definition of orange is defined in SAE J1128, Appendix A.

Spirally wrapped tape or the equivalent or conduit is acceptable covering.
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