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Industry Associations

General Cable maintains numerous leadership positions in top industry associations, which
helps position the Company on the forefront of product development in the industry.

SELECT INDUSTRY ASSOCIATION MEMBERSHIPS
e Chairman, SAE Cable Standards Committee

% * Vice Chairman, US Technical Advisory Group for ISO TC22 SC32 WG4,
Automotive Electrical Cables
« Member, 1SO TC22 SC32 WG4, Automotive Electrical Cables

IRTERRATIGM AL

RSN « Member, ISO TC22 SC32, Electrical and Electronic Components
ISO « Member, SAE Electrical Distribution Systems Steering Committee
bl « Liaison, SAE Electrical Systems Group
« Chairman, SAE Ignition Standards Committee
1nn= « Member, ISO TC22 SC32 WG1, Ignition Standards
« Member, SAE IC Powertrain Steering Committee
i e « Member, SAE Truck and Bus Council - Electrical Committee
 Associate Member, ATA Technology and Maintenance Council (TMC)
ABYC. « Member, ATA TMC S1 Committee — Electrical & Instruments

* Industry advisor, USCAR
« Technical advisor, ABYC — E11 Electrical Technical Committee
 Technical advisor, ABYC - Electric Propulsion Subcommittee

 General Cable


http://www.sae.org/

What do | need to know to choose the™

proper wire?

* Proper Wire Standard
* Wire Performance Requirements

« What does the application need ?
—\Voltage rating
— Temperature rating
—Wire type — Thermoset or Thermoplastic
— Conductor type — Copper or Aluminum
—Wall thickness
— Flexibility
— Ampacity
—Wire size
—Wire color

 General Cable
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SAE Cable Standards Committee Documents

Document Title Date Status
SAE J1127 Low Voltage Battery Cable Oct 18, 2012 Revised
SAE J1128 Low Voltage Primary Cable Oct 09, 2013 Revised
SAE J156 Fusible Links Oct 18, 2012 Revised
SAE J1654 Unshielded High Voltage Primary Cable Oct 23, 2012 Revised
SAE J1678 Low Voltage Ultra Thin Wall Primary Cable Oct 08, 2012 Revised
SAE J2183 60 V and 600 V Single-Core Cables Sep 07, 2012 Stabilized
Round, Screened and Unscreened, 60 V and 600 V -
SAE J2501 Multi-Core Sheathed Cables Sep 07, 2012 Stabilized
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SAE Primary Wire Selection

« SAE J1128 Primary Wire Options:
—TWP - Thin Wall, Thermoplastic
— GPT — General Purpose, Thermoplastic
—HDT — Heavy-Duty, Thermoplastic
—HTS — Heavy-Duty, Thermoset Elastomer
—TXL — Thin Wall, Crosslinked Polyolefin
— GXL — General Purpose, Crosslinked Polyolefin
— SXL — Standard-Duty, Crosslinked Polyolefin

—Wire Colors — 14 Available

« SAE J1678 Primary Wire Options:
— U — Ultra Ultra Thin Wall
—W — Ultra Thin Wall

 General Cable
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SAE Battery Cable Selection

« SAE J1127 Battery Cable Options:
— STT - Thin Wall, Thermoplastic
— SGT — General Purpose, Thermoplastic
— STR — Thin Wall, Thermoset Elastomer
— SGR - General Purpose, Thermoset Elastomer
— STX — Thin Wall, Cross-linked Polyolefin
— SGX — General Purpose, Cross-linked Polyolefin

— Wire Colors — 14 Available

« SAE J1654 High Voltage Wire Options:
— 600V Rated
— 1000V Rated

 General Cable
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SO TC22 SC3 WG4 Committee

Document Title Date Status
Single Core Copper Cables October 15, 2011
ISO 6722-1 Core Addendum #1 September 15, 2012 | Revised
Core Addendum #2 Draft
ISO 6722-2 Single Core Aluminum Cables December 1, 2013 Released
ISO 14572 Multi-Core Cables October 1, 2011 Revised
ISO 17195 Higher Voltage Cables Draft to be cancelled Expec.ted to be
Reassigned
)/
7 General Cable
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ISO Metric Wire Selection

« ISO 6722 Scope: 60Vdc and 600V dc cable specification intended for
use in road vehicle applications with limited exposure to fluids and
physical abuse. Specification contains ultra-thin, thin and thick wall
thicknesses and both primary and battery cable sizes.

« ISO 6722 Options:
— Insulation Thickness:

Ultra Thin Wall
Thin Wall
Thick Wall
— Temperature Classes

A 85C

B 100C

C 125C

D 150C

E 175C

F 200C

G 225C

H 250C

Wire Size Options:

0.13mm2 - 120mm?2

Primary thru Battery Cable

Wire Colors: 9 Available

Black
Blue
Brown
Green
Orange
Red
Violet
White
Yellow
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ISO Standard Expected Changes

« ISO Transportation Wire standards are being rewritten and will be
given a new root number broken down by parts.

« Part1: Terminology
« Part 2: Test methods

« Part 3: Dimensions and requirements for 30 V a.c. or 60V d.c.
single core copper conductor cables

« Part4: Dimensions and requirements for 30 V a.c. and 60
V d.c. single core aluminium conductor cables

« |ISO 6722 and ISO 14572 will be replaced by ISO 19642 once
completed.
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Conductor Comparison

Specification
Wire Size (Name)
Min Conductor Area

Wire Size (Name)
Min Conductor Area

Wire Size (Name)
Min Conductor Area

Wire Size (Name)
Min Conductor Area

SAE J1128
20ga (0.5mm2)
0.543mm2

18ga (0.8mm?2)
0.79mm2

16ga (1mm?2)
1.18mm2

14ga (2mm?2)
1.87/mm2

|ISO 6722
0.5mm?2
0.465mm?2

0.75mm?2
0.698mMm?2

1mm?2
0.932mm?2

2mm?2
1.83mm2
 General Cable
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Conductor Comparison
Summary

Conductor Comparisons to SAE Standards

ISO Wire
Physical Size < SAE
Resistance > SAE
Voltage Drop > SAE
Temp Rise > SAE
Ampacity < SAE

Items to consider when changing wire standards:
1. Componentdimensional stack up

2. Crimp and tooling adjustment
3. Over current protection potential adjustment  General Cable
1
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Wire Conductor Design Optionsq

Symmetrical Asymmetrical

SAE conductors are symmetrical but ISO
conductors offer both design options.
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SAE Cable Standards Committee
Responds to help customers

* Due to challenge reported by the wire users when
selecting SAE and ISO wire:
— Change Wire Names back to SAE Numbers

—(Completed - Oct 2012)
Example: 0.5mm2 back to SAE 20ga

 Circuit resistance and voltage drop performance

— Change Minimum Conductor Area back to SAE Appendix A minimum
CMA values

— (Completed - Oct 2012)
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Insulation Wall Comparison

Specification
Wire Size (Name)
Nom Insulation Wall

Wire Size (Name)
Nom Insulation Wall

Wire Size (Name)
Nom Insulation Wall

Wire Size (Name)
Nom Insulation Wall

SAE J1128
20ga (0.5mm?2)
0.40mm

18ga (0.8mm?2)
0.40mm

16ga (1mm?2)
0.40mm

14ga (2mm?2)
0.40mm

|ISO 6722
0.5mm2
0.28mm

0.75mm?2
0.30mm

1mm?2
0.30mm

2mm?2
0.35mm
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Insulated Wire Comparison

Wire Insulation Comparison to SAE Standards

ISO Wire
Insulation Wall < SAE
Wire Diameter < SAE
Durabllitity < SAE
Avallable Colors < SAE

ltems to consider when changing wire standards:

1. Component dimensional stack up

2. Crimp and tooling adjustment

3. Ower current protection potential adjustment < General Cable
1
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New and Revised Standards

e SAE J2840 High Voltage Shielded Cable (Revision)
— New standard to support HV wiring needs.
— MVC Ballot Successful and was published February 2014.

— Requested for revision to add increased requirements for hot water and hot
insulation resistance due to parasitic load and electrical failure concerns.

— Expect that SAE J1654 Unshielded High Voltage Primary Cable will also be
revised to include new test requirements.

« SAE J1128 Low Voltage Primary Wire (Revision)

— Strengthening requirements for Flame Resistance and Insulation Resistance.
» SAE J1127 Low Voltage Battery Cable (Revision)

— Adding 250MCM Cable Size dimensions and requirements.

— Strengthening requirements for Flame Resistance and Insulation Resistance.

— SAE New Work Item: Single Balanced Twisted Pair
— Task Force to create the 100Mb/s and 1Gb/s automotive data wire standard.
— In cooperation with IEEE

 General Cable
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North American Automotive Wire |
Trends

« OEM’s moving from SAE to ISO Wire Types.
— Increased insulation material options.

Higher Performance Expectations:
— Increased abrasion resistance and cable flexibility.
— Anti-Capillary conductors for in-fluid applications.
— Higher Voltages for shielded single and multi-conductor cables.

Alternative Conductor Materials to Save Weight and Cost.
— Aluminum Alloys

— Copper Alloys
— Copper Clad Conductors

Smaller Conductor Sizes to Save Weight and Cost.
Higher Speed Data Cable Applications.
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Heavy Duty Transportation Wire
Trends

« ATA TMC RP’s continue to request SAE wire be used in
OEM and Maintenance applications.

« Higher Goals for Maintenance Technician Training

« Higher Performance Expectations:
—Longer Life or Hours of Use
— Corrosion Resistance Materials and Anti-Capillary Conductors
—Increased Abrasion Resistance and Cable Flexibility
—PVC being replaced by XL materials for use in hot environments.
—Higher Voltages for shielded single and multi-conductor cables.
—Higher Speed Data Cable Applications.

 General Cable
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Corrosion Challenges
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SAE Primary Wire with Anti-
Capillary Conductors

« SAE J1128, J-2549 with
Anti-Capillary Conductors

* Low voltage primary cable with | &
a conductor that will not allow |
moisture or other fluids to wick |
through into end electronics.
This added layer of corrosion
protection Is intended for use In
applications where fluids and
environmental cycling presents
risk to customer applications.
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Heavy Duty Truck Industry
ATA TMC Lessons Learned

Transportation Wire Performance must be aligned with Application Requirements

 General Cable
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Truck Fleet Survey Responses
Components defined as to where incidents occurred.

* Wiring harnesses 48 « Switches 2
« Battery 5 * Relays 6
 Battery cable 35 « Radio/amp/CB 2
« Circuit breaker/fuse 10 * Inverter 5
« Fusible link 6 « Cigar lighter/power plug 6
« Directional flasher 2 « Heater/AC blower motors 2
« DRL module 3 « Key/ignition switch 2
« Alternator 2

Lessons Learned:
 Use of proper primary electrical cable when designing and servicing a wire harness.
« PVC Wire Types no longer used in the engine compartment (RP166 and RP167).
 Abrasion and Corrosion Resistance are key wiring performance characteristics.
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Thank You for the Opportunity

* Please send guestions and comments:
—Frederick J. Kelley Il
—Director of Technology
—Transportation Wire & Assemblies
—fkelley@generalcable.com
—tel +1 810 679 0330
—cell +1 586 764 5422
—www.generalcable.com
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