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1. SCOPE

This specification defines test methods and requirements for validation of solderless crimped con
of this test is to simulate in the lab the stress seen in a typical life (15 years and 150,000 miles) for
assure the crimp is m i i i ificati
automotive copper wir¢. Only where specifically mentioned are other constructions or other cor
clad, steel core, etc.) applicable. This specification does not apply to wire types not mentioned:

nections. The purpose
a crimp connection and
| for use with stranded
b materials (aluminum,

This specification is based on accepted levels of environmental exposure for automotiverapplications. In any intended

vehicle application, if fhe products covered by this specification are or may be subjected to cq

described in this docurhent, they must pass special tests simulating the actual conditions to be e
can be considered acceptable for actual vehicle application. Products certified by ‘their supplier as
applicable portions of
the product has been shtisfactorily tested. Any deviation must be documentedvand included in the

Crimp applications validated to this specification are intended to supersede crimp information on|
The terminal supplier has the primary responsibility for testing and selection of crimp tooling and t
information or make ciimp tooling available to the wiring assembly supplier actually doing the pr
wiring harness supplierfis responsible for validating all crimps produced per this specification.

Environmental exposutes called-out in this specification include Thermal Shock and Temperaturg
are used to stress e
SAE/USCAR-21 has td
cable strand count. SA
assure the entire allow
system specification als

sts that will detect deficienci€s*in crimp tooling geometry, plating quality,
F/USCAR-21 must be dorie ih addition to a connector system validation sug
able production crimp_height range of every combination is acceptable.
o validates what is net\tested in SAE/USCAR-21 such as long-term high te

Procedures included w
terminal crimps that ars
ambient temperatures
approves use of these

ithin this specification are intended to cover performance testing and de
b part of theelectrical connection systems in low voltage (0 - 48 VDC) road
of 125 °€-\maximum. Higher voltages and temperatures may be tested
est procedures for use at voltages and temperatures beyond these limits.

1.1 Crimping ParamTters

nditions beyond those
ncountered before they
having passed specific

is specification are not to be used in applications where conditions may ¢xceed those for which

inal test report.
the component prints.

D supply detailed crimp
bduction crimping. The

e Humidity Cycling and

ery production terminal and. cable combination used under test to simulate field exposure.

5trand distribution, and
h as SAE/USCAR-2 to
Testing to a connector
hperature exposure.

velopment of electrical
vehicle applications at
if the OEM customer

1.1.1 The Crimped connection performance is characterized by:

¢ Visual conformance of crimp attributes including cross-sections.

e Mechanical performance as measured by terminal-to-conductor pull-out force.

o Electrical performance as measured by terminal-to-conductor resistance or voltage drop.
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1.1.2 The geometry of a crimp is characterized by:
e Conductor crimp height (CCH)
e Conductor crimp width  (CCW)
e Insulation crimp height  (ICH)
¢ Insulation crimp width (ICW)
¢ Cut-off tab
¢ End of conductor (wire brush length and height)
¢ End of insulation
¢ Bell mouth
e Burr (anvil flash) dimension on the base of the conductor crimp
e Step between thgcore and msufation wings
¢ Information on tefminal drawing

2. DOCUMENTS

2.1

To claim conformance
production must be the
tooling and process se
specifications listed on

Document Hieranchy

to this specification, the tooling and process settings used to crimp a ter
same as what was used to make samples submittedsfor a USCAR-21 test
tings used to meet USCAR-21 may be developed. independently and may
a terminal drawing or process specification developed by the terminal make

used for USCAR-21 validation supersede any documentation for crimp settings not aligned to USC

conformance.

2.2 Test Request/Or

2.2.1 Samples, Test
The laboratory test req
performed (developme
specification. Any requ
for each change.

2.3
Suppliers are expected

any associated drawing
to use the most recent

Her
Type and Special Tests
uest/order shall provide location and documentation of test samples, identi

nt, validation, special purpose, etc.) and describe any special tests that
red revisions to or deviations from any tests in this specification must inclu

Materials and Prpcess Specifications

to adhere-to the appropriate materials and process that are referenced i
s and reference documents. Unless otherwise specified or required by law,
Versions of any applicable drawings, reference documents, and standards.

inal/wire application in
hat met all criteria. The
be different than crimp
F. Note that the settings
AR-21 in order to claim

y the type of test to be
are not a part of this
He detailed instructions

h this specification and
suppliers are expected

2.4

SAE J1128: Low

ISO 6722 Part 1:

Referenced Documents

SAE/USCAR-2: Performance Specification for Automotive Electrical Connector Systems
AIAG: Measurement Systems Analysis Reference Manual

Tension Primary Cable

SAE J1127: Battery Cable

Dimensions, test methods and requirements for copper conductor cables
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3. GENERAL REQUIREMENTS

3.1 Record Retention

The supplier shall maintain a central file for the storage of laboratory reports and calibration records. Record storage must
be in accordance with established (i.e. ISO or AIAG) policies and practices.
3.2 Sample Documentation

All test samples shall be identified in accordance established (i.e. ISO or AIAG) policies and practices.

3.3 Sample Size

psented as having met
p tested have met the

are given for each test in this specification. No part or device may-be’repr
S the minimum sample size has been tested and all samples of the grou

Minimum sample sizes|
this specification unleg

applicable acceptance
size from among thos|
additional groups of cr
tolerance) meet the red

3.4 Default Test Tole

Default tolerances, exp|

Temperatu
Voltage
Current
Resistancs
Length
Time
Force

IOGMmMOOw>

3.5 Test Default Con

When specific test con
in this specification, the

Relative HIimidity + 5%

criteria for that test. It is never permissible to test a larger grouthen sele
e that passed and represent that this specification has been met. It is
mp heights to insure at least 3 consecutive crimp heights’(nominal, “+1”
uirements.

rances
Fessed as a percentage of the nominal value-tnless otherwise indicated:

+3°C
+ 5%
+ 5%
+ 5%
+ 5%
+ 5%
+ 5%

e

ditions

Hitions are not given either in the product design specification, the test requ
following:basic conditions shall apply:

eratire 23 +5°C

it Arahiant

A. Room Temg

B. Relative Hu

C. Voltage (DC)
3.6 Equipment

aa¥Fa ital
Tty TXHTTOTCTTC

14.0+ 0.1V

t the minimum sample
permissible to include
and “-1” crimp height

est/order or elsewhere

Table 3.6 highlights specialized equipment or devices with particular accuracy requirements used for USCAR-21 testing.
Neither Table 3.6 nor the list in each test section is all-inclusive; items of customary laboratory equipment and supplies
will also be required. Use of equipment with a lesser range is acceptable for specific tests where the required range for
that test can be met. The equipment range specified does not preclude use of equipment with a larger range, but the
accuracy must remain within the specified tolerance.
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TABLE 3.6 - EQUIPMENT LIST

DESCRIPTION

REQUIREMENTS

DC Power Supply (Regulated)

=0~20V current sized as required

Micro-Ohmmeter

=0-20 mV maximum open circuit voltage
=100 mA maximum test current
=0.01 mQ resolution

Digital Multimeter
(DMM)

Capable of measuring 0.001-50 Volts DC
with accuracy of 0.5% of measurement

Millivolt Meter

Capable of measuring 0-100 mV DC

with accuracy of 0.5 mV

Thefmocouples

Type "J" or "T" as required (small size ~,08fnm)

Forge Tester

Capable of an accuracy of 1% of méaSurement

Temperature Cycling Chamber

= -40 °C to 125 °C, 0% to 98%-RH

Thermal Shock Chamber

= -40 + 3t0 125 °C (in 5 minutes or less)

Forged Air Oven

= +85+3 °C

Temperature Chamber

=-40+3°C

Temp. /Humidity Chamber

= 95 t0 98% RH-at'+65 + 3 °C

3.7 Definitions and Glossary
Definitions for technical terms are listed in Appendix B.
3.8 Measurement Rgsolution

Unless otherwise specified, meters and gages used in

Abbreviations and acronyms are listed in Appendix C.

measurements of test samples shall be cagable of measuring with

a resolution one decimal place better thah the specified value. For example, wire diameter spegified as 0.1 mm might
actually be the same als one specified as 0.10 mm, calipers capable of 0.01 mm resolution may be used to measure the

first wire but a micromdter with 0.00L.mm resolution is required to measure the second wire.

3.9 Test Repeatability & Calibration

All equipment used for[the\test sample evaluation shall be calibrated and maintained along with periodic gage R&R’s in

accordance with indiVidtal test facility certification

requirements and applicable standards. [The AIAG publication

“‘Measurement Systems Analysis Reference Manual” can be used as a guideline. A list of instruments and equipment
used for the USCAR test, date of the last calibration, and when the next calibration is due is to be included in each

USCAR test report.

3.10 Conformance Determination

Table 5.1 lists the requirements to meet USCAR-21. Test conformance shall be determined by the acceptance criteria of
the test being conducted. All samples must satisfy the requirements regardless of sample age, test cycles, or test
temperature, except where a test to failure is specified. Additional sample groups with alternate crimp heights may be
tested to help determine the nominal and min/max crimp height for a given terminal/wire combination. Three consecutive
crimp height groups (nominal, high limit of tolerance, and low limit of tolerance) must meet the requirements but groups

tested outside of this range need not pass.
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4. TEST & ACCEPTANCE REQUIREMENTS

4.1 General Testing Requirements

The test procedures in this section were written as stand-alone tests and may be used as such. However, they are
normally used in a sequential test format and common sense is required to overcome any redundancies in sample
preparation or in procedures. For example, if samples have already been prepared for the preceding test in a sequence, it
should be obvious that the sample preparation step for that individual test (included so that test can be used as a stand-
alone test) should be skipped. (Note: The resistance measurement method for terminals crimped on >6mm? wire has

changed from using 4.5.3 Dry Circuit resistance to 4.5.6 Voltage Drop method to get better measurement accuracy.)

4.1.1 Dimensional C

haracteristics

Part construction shall
applicable part drawing
4.1.2 Material Chara

All material used in eal
part drawing(s).

1. Any engineering de
2. The samples subm
3. For validation testi

This same conditio
4. Samples submitted
4.2  Visual Inspection
4.2.1 Purpose

This test is used to do
environmental conditio
can be accomplished b

4.2.2 Samples

1. The samples must

are to be performed.

2. For purposes of cd

S).
Cteristics

ch test sample shall conform to the material specifications-on the latest re

velopment, prototype, or production part may be submitted for test.
tted for test shall be identified by description, part-number, and revision lettg

ng, all parts are to be in their "as furnishedfor vehicle assembly" conditio
N must prevail for test samples.

for any test shall be prepared per Appendix E.

cument the physical«appearance of test samples and to assist in the eval
ning on test samples using descriptions, photographs and/or videos. Exan
y a person under‘cool white fluorescent lighting.

confarn to the requirements of the specified conditioning and any additio

conform to the dimensions, shape, and detail attributes specified_on“the

latest revision of the

ision of the applicable

=

h when testing begins.

Liation of the effects of
inations in most cases

hal measurements that

submit an additional sample to serve as a control

4.2.3  Equipment:

1. Video and photographic equipment able to produce clear images.

4.2.4 Procedure

ipated,

it is desirable to

1. Visually examine each test specimen prior to testing and/or conditioning, noting in detail any manufacturing or
material defects such as cracks, bending, deformation, etc. Take photographs and/or video recordings of representa-
tive samples to be tested and keep a properly labeled control sample.
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2. After testing and/or conditioning, re-examine each test sample and note in detail any observable changes such as
physical distortions, cracks, etc. Compare the tested and/or conditioned samples to the control samples, the videos,
and/or the photographs, recording any differences in the test report. An additional sample is needed as a control

sample.

3. If the terminal supplier's appearance requirements are stricter than those specified below, then the terminal supplier

specifications shou

Id be applied.

4. Return test samples to requestor after all tests are completed and all data have been obtained.

4.2.5 Acceptance Criteria

1. General Appearan
insertion functions
4.2.5-1a and 4.2.5-

e: Confirm the crimping operation does not affect the contact, locking, 00'5 ector mating, or
pf the terminal. These characteristics are verified as part of USCAR-2 testing. Refer to Figures

1b for applicable attributes. <

STRIP O‘\
LENGTH

CONDUCTORBRUSH . 7,

AN ND OF INSULATION

xO
FIGURE 4.2.5-1A\\@‘}TRTS OF A CRIMP (SIDE VIEW)

O

CONDUCTOR CRIMP
(measure CCW here)

INSULATION CRIMP

FRONT BELL MOUTH

(measure ICW here)

(if present)

REAR
BELL MOUTH

FIGURE 4.2.5-1B - PARTS OF A CRIMP (ISOMETRIC VIEW)

Revised 2014-11
PERFORMANCE SPECIFICATION FOR CABLE-TO-TERMINAL ELECTRICAL CRIMPS

\$ UT-OFF TAB
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2. End of Conductor

The end of conductor must extend beyond the front edge of the conductor crimp. The insertion and locking functions of
the terminal must not be affected by the projecting end of the conductor. Mat seals must not be damaged by the core and
may require control of the wire core in front of the core wing. Refer to 4.2.5-6 (in this section - Conductor Crimp) for
details.

3. End of Insulation
The end of the insulation must be visible in the window between the conductor crimp wings and the insulation crimp wings

such that conductor is visible and should be centralized as much as possible. In no case may insulation be crimped in the
conductor crimp wings

4. Cut-off tab

a. The cut-off tabllength shall not exceed 0.5 mm or %2 terminal stock thickness, whichever i$ greater, unless other-
wise specified pn the component print.

b. The burr on the cut-off tab must not exceed 0.3 mm on terminal stock thickness <0.8 mm tnless otherwise speci-
fied on the component drawing. The burr must not exceed 0.6 mm om>0.8 mm stock thickness unless otherwise
specified on thg¢ component drawing. Refer to Figure 4.2.5c.

c. The cut-off and burr must not affect the insertion function of thetterminal into the connector

0.3@mm MAX for < 0.8mm stock thickness

0.6mm max for > 0.8mm stock Thickness

—=— .5 mm MAX or ¥ terminal stock thickness

FIGURE-4.2.5C - BURR CRITERIA FOR CUT-OFF TAB

5. Bell mouth

The conductor crimp shall preduce a bell mouth on the side of the crimp nearest the insulation crimjp. A front bell mouth is
not required, but the ¢onductor crimp may have a bell mouth on the front edge of the condugtor crimp, nearest the
terminal body. Figures i i d bell mouth. USCAR

does not control these dimensions. Applicable values may be provided by the terminal manufacturer or customer.

FIGURE 4.2.5D AND 4.2.5E - BELL MOUTH ACCEPTANCE CRITERIA (MAX. AND MIN.)

i

6. Conductor Crimp

All strands must be enclosed within the crimp; no strands outside the crimp or broken-off before the crimp are allowed.
For wires <= 3mm2, the wire brush length ({ in Figure 4.2.5f) shall not exceed 0.5mm (beyond the core wings) unless
verified as acceptable by the connector manufacturer for a specific connector design or terminal maker for eyelet designs.
The wire brush must not interfere with any downstream assembly process (for heat shrink, TPA, etc.)
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7. Conductor Crimp when in a mat seal

If the crimp is used in a connector with a mat seal, the validation shall comply with the connector supplier's USCAR-2
correlated directions for wire brush length and height. If no connector supplier recommendations are available, the wire
brush length shall not exceed 0.5mm (beyond the core wings) and the strands shall be even with or below the level of the
core crimp (“t’ in Figure 4.2.5f must be <0) at all allowable CCH. A front bell mouth (on the brush side of the crimp) shall
not be used on a terminal to be loaded through a mat seal. (The top of the bell mouth can be sharp and damage a mat
seal during plugging.)

FIGURE 4.2.5F -

8. Insulation Crimp

The purpose of an ins
crimped and uncrimpe
acceptable ICH range 4

a)
b)
c)
d)
e)

f)

!II !?Iﬂlﬁg% Nt

WIRE BRUSH PROTRUDING STRAND HEIGHT ABOVE CORE CGRIMP (t)

ulation crimp is to add strain relief to the crimped cenductor. This moy|

AND LENGTH ()

Ps stress between the

d wire strands into the un-crimped portion of the Wire core. The test lab must determine the
ind tooling requirements to meet these requirements<and be followed in proguction. Criteria are:

The insula

The insula
The bell m

9. Cable Conductor A
a. Strands in strip)

b. Insulation shall
c. Length as desq

ion crimp must contact the surface of the insulated cable in at least 3 locatigns.
The insulafion crimp must not interfere with any subsequent operations.

The insulafion crimp must not push insulation compaund under the wire strands (CUS)
The insulafion crimp must not interfere with seating of a terminal into its plastic connecfor cavity.

ion crimp must not split or damage.the cable. Use Figures 4.3.5-3 a, b, and

ppearance Prior to Crimping
ped wire shall not beteut, missing, excessively nicked (significant strand red

not be stuck or embedded in strands.

C as criteria.

puth on the insulation crimp (ifused) shall not exceed the insulation crimp tojerances.

Liction), or elongated.

ribed in Figure'4,2.5g shall meet applicable instructions (not controlled by USCAR-21).

FIGURE 4.2.5G - STRIPPED WIRE LENGTH

10. Individual Cable Seal Crimp

a. Seal location must meet terminal maker’s product specification for lengthwise seal position, if specified. (In addi-
tion to achieving the proper position, the seal retention test per Section 4.6 must pass to assure it's secure.)

b. The seal ribs must have no damage. Reference Figure 4.2.5h for what area is called a rib.
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c. The end of the seal neck must be visible in the area between the insulation and the conductor crimps. Itis ex-
pected that some cable seal designs with no hub at the end of the neck will not be able to pass the retention
requirements of Section 4.6. In those cases, a redesigned seal is needed.

d. The cable insulation must be visible under the seal. Refer to Figure 4.2.5h as an example of correct position.

RIBS

4.3 Cross-Section Apalysis

4.3.1 Purpose

Cross-sectional analys
an electrical test may b
4.3.2 Sample Size

At least one specimen
maximum and nominal
4.3.3 Equipment

Various specialized eq

4.3.4 Procedure

1. Cross-section and

‘0:

FIGURE 4.2.5H - INDIVIDUAL CABLE SEAL DETJAIL

NECK

s is used as an aid in determining why a crimp passes or fails a portion of th
e due to uneven strand dispersion, inadequate wing closure, voids, wings bqg

for each crimp height shall'be evaluated. Data shall be obtained and
production crimp heights.

Lipment existstfor-cross-sectioning samples. The choice of equipment is
should be capable of s¢ctioning the-crimp with minimal disturbance to the terminal and cable strang

pliotograph each specimen for analysis.

is test. Failure to pass
ttoming out, etc.

ecorded for minimum,

up to the supplier, but
ing.

2. Cross-section analysis shall be performed on all conductor crimp applications at each crimp height setting (nominal,
min., and max. tolerance).

3. Cross-sections shall be in the area marked in Figure 4.3.4-3, as close to the center as possible. The core section
must be made between serrations in the core crimp. Both core and insulation sections are required.

[ —

’

——

Core
X-Section Area

LYJ

Insulation
X-Section Area

e —

FIGURE 4.3.4-3 - CRIMP CROSS-SECTION LOCATIONS
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4.3.5 Acceptance Criteria
Cross-section views of conductor crimps must comply with Figure 4.3.5-1.

Conductor crimp attributes considered ideal

Symmetric

Compaction of all strands (no round strands)
Wings touch only conductor

Terminal stock free of cracks / breaks

Core wings "Locked" (no gap) at top of crimp

Conductor crimp attributes considered acceptable but not ideal

Overlapping

wings Extreme “ram-hornirg

Conductor crimp attributes that(@are unacceptable*

Open wings with core One or both wings
exposed or folded down penetrate (“grash”) to the
into core but not touching terminal floof or wall

(not locked)

Low / No strand compaction. One or both wing
Round strands in core crimp details do ngt capture
are neyer-acceptable strands

Terminal stock

cracked / broken One or both wings

folded back

FIGURE 4.3.5-1 - CONDUCTOR CRIMP CROSS-SECTION CRITERIA

*NOTE: With OEM customer approval, unacceptable attributes may be deemed acceptable for that customer if it is
shown that all other requirements of this specification are met. Each customer needs to approve variances
separately since one customer cannot approve a variance for a different customer. OEM is expected to only
approve with technical understanding of the cause and severity of the condition. Refer to Section 5.2 for
customer approval process.
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The width of the burr on the base of a crimp must not exceed 0.1mm for <0.8mm thick terminal stock or 15% of stock
thickness for >0.8mm stock. (For accurate crimp height measurement, it is recommended that the burr height not
exceed the lowest position of the crimp.) The burr must not cause damage to any subsequent operation. Special care
must be taken when using mat seals that can be cut by a burr. Seals are validated per USCAR-2 for each connector

design.

BURR HEIGHT

Insulation cross-segtion (with no cable seal) must meet ideal views shewn in Figure 4.3.5-3a
Figure 4.3.5.3b. Np unacceptable cross-section views as shown_inFigure 4.3.5-4c are al
criteria on non-stgndard insulation crimp designs, refer to the terminal manufacturer's re
insulation crimps serve as a functional part of the terminal/cavity retention system and funct
from non-compliange.

FIGURE 4.3.5-

f/lﬁ_d

™,

i
~_ CRACKS

0.1 mm max. U Laum WIDTH

FIGURE 4.3.5-2 - CONDUCTOR CRIMP BURE& DETAIL

A - IDEARINSULATION CRIMP CROSS-SECTIONS FOR DIFFERENT ST

LOWEST POINT OF

CRIMP

(USED FOR CCH.MHASUREMENT)

or acceptable views in
owed. For acceptance
commendations; some
onal failures will result

IDEAL INSULATIC
=  Symmetric cri
= No insulation

= Wings embra

N CRIMPS HAVE:

p
enetration

Cing insulation

YLE DESIGNS

Insulation wings
contact conductor
(no damage allowed)

Insulation extruded
outward between
open insulation wings

Less than
3-point
contact

FIGURE 4.3.5-3B - ACCEPTABLE BUT NOT IDEAL INSULATION CRIMPS
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@ W

S

Insulation Split

Oneo

penetrate strands

r both wings One or both wings Insulation

penetrate through

is split

4. Cable seals must
functional seal retd
neck. See Figure 4

FIGURE

5. Crimped terminal and wire

inserting terminate
sealing performand

FIGURE 4.3.5-3C - UNACCEPTABLE INSULATION CRIMPS _N”

have no nicks or cuts in the sealing ribs. Minimal nicks or cut%@}e alloy]
ntion requirements are met. Insulation crimp wings are not permitted to
3.5-4a for a cross-sectional illustration of a cable seal and gq e 4.35-4bf

2

E 4.3.5-4A - CABLE@L CROSS-SECTION (INCLUDING TERMINAL ANI

t be designed to avoid damage (such as nicks and cuts) to|

ugh mat seals. Refer to Figure 4.3.5-4b for a sample cross-se
rmined in USCAR-2 testing.

i lead
ei

ed in the seal neck if
penetrate into the seal
Dr a mat seal.

WIRE)

the sealing ribs when
ction view. Functional

Cn
4

Mat Seal

Sealina Rib

Plugged Wire

FIGURE 4.3.5-4B - MAT SEAL APPLICATION
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4.4  Conductor Crimp Pull-Out Force Test

4.4.1 Purpose

This procedure details a method to measure the retention capability of crimped connections. The pull-out force test is not
be used to determine overall performance of the crimp application. It is intended to be used for mechanical crimp
evaluation only. It will only be used to determine the mechanical limits of the application for handling purposes.
Applications may require additional protection to assure the crimped circuit survives the harness handling and vehicle
assembly process.

4.4.2 Equipment

1. Measuring device gapable of measuring crimp heights and widths

2. De-crimping tool orjother suitable means of opening insulation crimp wings without damgaging the cable conductor
(Note: It is acceptaple to make the samples with the insulation wings not crimped to avoid this gtep.)

3. Force tester

4. Cable strippers, lorjg-nose pliers and/or side cutters

4.4.3 Samples

1. A minimum of 20 spmples is required to be tested for each tested, crimp height (3 crimp heights minimum, 5 are often
used to give a widgr range of tested crimp heights). Additional’Samples may be required for crimps with multiple wires
of various sizes (S¢e 4.4.4, steps 7 and 8).

4.4.4  Procedure

1. Pull-out force test ghall be performed on leads withithe insulation crimp wings open (not crimped).

2. Pull-out force test ghall be performed on taut leads (i.e., remove slack in cable before performirlg pull-out test to
prevent incorrect tgst results due to “jerking”):

3. Measure and recorf the conductor ¢rimp height and width in millimeters for each sample. Refgr to Appendix E, 6-8.

4. If the insulation crimp is not alréady open, open it with a de-crimper or other suitable tool so thgt the pull-out force will
reflect only the confuctor crimp connection.

5. Visually inspect thg deserimped area to ensure that none of the conductor strands have been damaged. Do not use
any samples that haveydamaged conductor strands.

6. Measure and record pull-out forces in Newtons for each sample.

7. Apply axial motion at a rate between 50 and 250 mm/minute (100 mm/min. is recommended).

8. For double, triple, or multiple wire crimp setups with conductor sizes within one step, pull the smallest conductor. (e.g.

for a 0.35/0.50 dou

ble, pull the 0.35 mm?2 wire).

For double, triple, or multiple wire crimp with conductor sizes more than one size apart, one of the smallest and one of
the largest gage size cables must be tested. (e.g. for a 0.50/1.0 double, pull both wires individually, for a 0.50/1.0/2.0
triple, pull the 0.50 mm? and the 2.0 mm? wires, for a 0.50/0.50/2.0 triple, pull one of the 0.50 mm2and the 2.0mm?
wires.) In this case, 20 samples per wire size tested are required. A new specimen is required for each pull.
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9. Calculate the mean and standard deviation using the following formulas (using Excel or other suitable spreadsheet to
calculate the mean and standard deviation of the tensile result obtained in steps 6~9). Report minimum, maximum,

mean (Y), standard deviation (s), and the mean minus three standard deviations ( X -3s) for each crimp height set.

in

Mean (X) = 12—
n

Standard Deviation (s) =

Where X = individual pull-out force; n= number of samples.

EQUATION

10. Report any observations from visual examination.

445 Acceptance Cr

The (Y-3s) value calg
Forces for unlisted wirg

NOTE: Tensile strength is intended to be an indicator of crimp quality. When the test fails due tg

the wire (unrela

4.4.4-9A AND 4.4.4-9B - MEAN AND STANDARD DEVIATION-E®OR PULL

teria:

ulated using Equations 4.4.4-9 a and b must meet or exceed the value s
s can be calculated by linear interpolation of values in Table 4.4.5.

ited to crimp) not meeting the listedalues, an engineering change to a stro

CRITERIA

becified in Table 4.4.5.

the tensile strength of
nger wire is required.

TABLE 4.4.5 - PULL-OUT FORCEREQUIREMENT (IN MM AND GAUGE SIZES)
1ISO® _
X-3s Pull-out Forcel(N
(mm?) wr-ou M) Wire SAE® _
X-3$ Pull-out Force (N)
0.13® 50 Gauge (mm?)
0.22 50 26®) 0.13 50
8-23 ?g 24 0.22 50
075 % 22 0.35 50
1 120 20 0.50 75
15 150 8 0.80 90
2 180 16 1 120
2.5 210 14 2 180
3 240 12 3 240
4 265 10 5 290
5 290 8 8 350
6 320 >10 600©
8 350
10 450
>10 600©

(€Y
(b)

ISO standard sizes based on 1SO-6722-1. SAE is based on SAE J1127 and J1128.
0.13mm” (26 AWG) and smaller require special handling and controls not covered in this document.

© The requirement on > 10mma2is for minimum value only. No pull-to-failure or X-3s calculation is required.
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4.5 Electrical Performance Tests

4.5.1 Electric Current Cycling Test (ECC)

45.1.1 Purpose

Current cycling is an accelerated aging test that emphasizes the effect of expansion and contraction of terminal interfaces
and conductor crimps as a result of thermal cycling. This test is optional when run in addition to ENV. With the approval
of the customer, it may be used in lieu of ENV (See Table 5.1) but must be noted as such on the drawing and requires

customer approval. Typically, the Accelerated Environmental Test (Paragraph 4.5.2) is done and not ECC.

45.1.2 Samples

1. Any engineering development, prototype, or production terminal — particularly those intended for high current or
“Power” applicatiorjs — may be submitted for test.

2. Test data will be cpllected on 10 samples of each crimp height. Data shall be obtained and [recorded for minimum,
maximum and nomlinal production crimp heights.

3. Where mating ternjinals are available, apply them to the opposite ends of/the’test samples. These shall be 150mm
min. The terminal drimps on the mating terminals shall be soldered. Connectto form a continugus series circuit.

4. Test sample termirjals that have no mating terminals should be applied‘to one end only of the|test cable (a minimum
cut length of 150 njm). The opposite stripped ends of the samples.are then soldered to box or|blade of the next sam-
ple to form a continuous series circulit.

5. Double terminations should be terminated with the test terminal on one end only. A mating tegrminal may be applied
(with the crimp soldered) to the other end of the largest size-cable.

45.1.3 Equipment

Power supply — AQ or DC current regulated capable of supplying the test current.
Cycle timer.
Ammeter or current shunt/voltmeter.
Voltmeter.
Voltage sense lead — solid conduetor 0.22 mm or smaller diameter (tinned or non-tinned).
Welder — Tweezer Weld TW¢3 or similar device.

Terminal test board.

© N OO O A~ wDdDPRE

Samples (3) with splderadded to the conductor crimp for deduct calculation.

45.1.4 Procedure

1. Perform a visual inspection of components per paragraph 4.5.2.

2. Attach voltage sense leads per figure 4.5.1.4. The same location must be used for all samples. The V+ test lead may
be connected to back of insulation wing if wing does not touch the core.
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I+ DMM I-
P 0.22mm?* Copper or
&0 Tin Plated copper wire
@é\ 0.22mm?2 test lead.
Iron Constantane Ider
Test lead

o g M w

oL w1 ©

150 mm Minimum

DC Power Supply

Attach sense leads|to the test cable at a point 75 + 3 mm from the rear edge of the conductor ¢

FIGURE 4.5.1.4 - TEST LEAD ATTACHMENAR

Connect in a serieq circuit.

Loosely attach the pamples to a test board with a minimum of 35mnT between single terminals.

Connect the serie$ test circuit to the ammeter (current shant) and a timer-controlled pow
soldered test samples (4.5.1.3-8) in the circuit. The test duration shall be 200 + 8 hours with thg

for 45 minutes + 2 minutes and off for 15 + 2 minutes.

Use test currents ljsted in table 4.5.1.4. The test currents for conductors sizes not listed ab
linear interpolation [i.e. read out from plotted values). Perform step 8 if wire is equal to or large

TABLE 4.5.2y> TEST CURRENT FOR CURRENT CYCLING.

fimp.

er supply. Include the
test current cycling on

pve can be defined by
I than 8mm?.

Isgi\zl\élre Gve\ﬁjrge Test Current
(mm?) (A)
0.13 26 4
0.35 22 10
0.50 20 7
0.75 18 18

1 16 22
15 - 26
2 14 30
25 - 35
3 12 40
4 - 52
5 10 65
6 - 80
=8 <8 Use step 8
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8. If wire is larger than 8mm?, determine test current using this method (an acceptable alternative to steps a, b, and c is
to perform the “Maximum Test Current Capability” test identified in SAE/USCAR-2).

a. Attach thermocouples to samples at a point on the underside and just in front of the conductor crimp. Welding or
epoxy is permissible.

b. Apply 75% of the estimated current to the circuit at room temperature.

c. Allow the circuit to come to steady state temperature. The temperature is stable when the crimp on the sample
under test changes less than 2 °C in 5 minutes.

d. Measure the te

mperature, and calculate the temperature rise.

If the temperature rise is less than the maximum temperature rise recommended by the terminal supplier or 55

°C, whichever

9. The current at whig
is lower, is reached

10. Measure voltage d
samples should be|
taken between poir

11. Measure the voltag

12. Calculate conductd
average voltage dr

13. Record:
All voltage droy
Average, low, &
Description of §
Conditions of t¢
Instruments us
Soldered samp
Temperature ri

S@e@ "o a0 oTp

Observations.

45.1.5 Acceptance

S lower, then increase the current in 0.5A steps until that temperature is rea

h the maximum temperature rise recommended by the terminal manufactu
is the test current.

rop after 2 £1 hours from the start of test and at the completion of the te
energized for a minimum of 30 minutes to allow for temperature stabilizati
ts B & C of Figure 4.5.1.4.

e drop across the three Deduct soldered samples.and average the measure

r crimp-to-wire voltage drop per the following; mVD=Voltage drop record
pp of the deduct samples measured in step<1.1.

measurements and all calculated resistance values.
ind high resistance values for each data set.
amples.
pSt.
bd, the date of last calibration, and when the next calibration is due.
le resistance valuelif applicable.
e on at least one part in the nominal CCH group.

Criteria

Ched.

er or 55 °C, whichever

5t (200 £8 hours). The
bn. Measurements are

d values.

ed in step 10 less the

Using the calculated resiStance values from item 13a, 10llow the criteria in Table 4.5.2.5.
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4.5.2 Accelerated Environmental Exposure Test (ENV)

45.2.1 Purpose

This procedure describes testing based on subjecting the parts to a sequence of environmental exposures.
45.2.2 Samples

A minimum of 10 terminal samples of each crimp height shall be tested. Data shall be obtained and recorded for
minimum, maximum and nominal production crimp heights. Minimum cable length for samples is 75 mm.

45.2.3 Equipment
1. Integrated or separjate temperature/humidity cycling chamber(s).
4.5.2.4 Procedure

1. Perform a visug@l inspection of components per paragraph 4.2.

2. Perform initial fesistance measurement (either dry circuit resistance pér,section 4.5.3 for wire size < 6mm? or
Voltage drop per section 4.5.6 for wire size > 6mm?).

3. Perform Thermlal Shock per section 4.5.5 (72 Cycles / 3 Days. at+125 °C to -40 £ 3 °C).

4. (optional) Takeg midpoint resistance reading (either dry circuit resistance per section 4.5.3 for wire size £ 6mm? or
Voltage drop per section 4.5.6 for wire size > 6mm?),

5. Perform tempefature humidity test per section 4.5.4 (4 Cycles / 4 Days).
6. Perform visual jnspection per section 4.2.

7. Perform final rg@sistance measurement.(either dry circuit resistance per section 4.5.3 for wirg size < 6mm?2 or
Voltage drop per section 4.5.6 for wire'size > 6mm?).

45.2.5 Acceptance Criteria

1. The initial resistance measdrement taken in step 2 for all samples within 3 consecutive cpnductor crimp heights
(CCH) representing the loWwer, nominal, and upper limits must satisfy column A in Table 4.5.2.5

2. All samples within|3-epnsecutive conductor crimp heights (CCH) representing the lower, nominal, and upper limits
measured after conditioNNg per 4-.5.2.2 Must Tave Tesistance measurements from Step 7 satisfy either column A or
column B in Table 4.5.2.5.
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TABLE 4.5.2.5 - ACCEPTANCE CRITERIA FOR ELECTRICAL RESISTANCE.

A B
Maximum Allowable Total Resistance Maximum Allowable Resistance Change
Wire Size ISO Wires SAE Wires ISO Wires SAE Wires
Use Table Use Table Use Table Use Table
<6.0 mm2/10 AWG 45.2.5-1a 45.2.5-1b 45.2.5-2a 4.5.2.5-2b

> 6.0 mm?2

Use Table 4.5.2.5-3
(Maximum Total mV/A Column)

Use Table 4.5.2.5-3

(Maximum mV/A"Change Column)

NOTE: The referenced tables, 4.5.2.5-1a, -1b, -2a, and -2b list the maximum allewable resist

various wire si
4.5.1) test or A
for the wire an

res and terminal materials before and after completion of Electrical Current
ccelerated Environmental (ENV, Section 4.2) test. If the’needed resistanc
 terminal conductivity being evaluated, use the table\value for the next m

and/or next larger size.

Alternately, the
values of 0.55n

value can be calculated using the formulas below. Note that the tables H
nQ total resistance and 0.33 mQ resistance<change. The formulas below do

hnce (in milliohms) for
Cycling (ECC, Section
b value is not available
pre conductive material

ave limits, or “capped”
not include the limits.

Where: Rmax = The
p1 =The
p2 =The
d = The]

Calculation-based-criteria for Table 5.4.2.5-1a, 2a and ¢
Rmax = 0011 X (p1+p2)/(2d)

Calcutation-based criteria for Table 5.4.2.5-1b and 2b:
Rchange = 00099 X (p1+p2)/(2d)

allowed resistivity.in mOhms and Rchange is the allowed resistivity change in
resistivity of the conductor in pOhm-mm2/mm (For Cu, p1=17.2 per IACS)
resistivity-ofihe base terminal material in pQ-mmz2/mm (top plating is not a f

mOhms.

nctor)

diameter.of a circle with the same area as the total cross-sectional area of the conductor in mm

EQUATION 4.5.2

b-+A AND 452 5-1B - CAI CUILATION-BASED METHOD FOR CRITERIA

ETERMINATION

NOTE: The equation is typically used for non-copper wires, unusual alloy materials, or non-standard wire sizes. Use of
the tables is preferred for standard configurations since an opportunity for error in calculation is eliminated. See

Appendix D for

notes on the derivation of this formula.
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TABLE 4.5.2.5-1A - DRY CIRCUIT CRITERIA FOR TOTAL RESISTANCE (FOR ISO WIRES 0.13 TO 6MM?)
511
544
19002 230 170 654 715
Alloy / CDA Number 18080 17510 | 19025 411 260 172 510 638 706 752
(Reference) 151 197 186 194 210 195 220 226 422 240 425 688 521 725 762 770
Terminal Material 90 | g0 | 70 | 60 | 56 | 50 | 45 | 40 | 37 | 32 | 27 | 19 | 14 | 11 | 8 5
% Conductivity
Terminal Material
Resistivity 19.1 21.5 24.6 28.7 30.7 34.4 38.2 43.0 46.5 53.8 63.7 90.5 | 122.9 | 156.4 | 215.0 | 344.0
(micro-ohm-mm2/mm)
Wire Actual
Sllszoe i(::: (SD;;:‘) Allowable Resistance (mQ)
(mm?)  (Mmm?  (mm)
6 5.59 2.667 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 055 0.55 0.55 0.55 0.74
5 4.35 2.354 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.84
4 3.70 2.170 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 055 0.55 0.55 0.55 0.59 0.92
3 2.79 1.884 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.68 1.05
2.5 2.28 1.704 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.56 0.75 1.17
2 1.85 1.534 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.62 0.83 1.29
1.5 1.37 1.321 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0,55 0.55 0.55 0.55 0.58 0.72 0.97 1.50
1 0.94 1.094 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.70 0.87 1.17 1.82
0.75 0.70 0.946 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.63 0.81 1.01 1.35 2.10
0.50 0.47 0.772 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.58 0.77 1.00 1.24 1.66 2.57
0.35 0.33 0.651 0.55 0.55 0.55 0.55 0.55 0.55 0.55 Q.55 0.55 0.60 0.68 0.91 1.18 1.47 1.96 3.05
0.22 0.20 0.508 0.55 0.55 0.55 0.55 0.55 0.56 0.60 0.65 0.69 0.77 0.88 1.17 1.52 1.88 2.51 3.91
0.13 0.13 0.402 0.55 0.55 0.57 0.63 0.66 0.71 076 0.82 0.87 0.97 1.11 1.47 1.92 2.37 3.18 4.94
TABLE 4.5.2.5-1B - DRY CIRCUIT CRITERIA £OR TOTAL RESISTANCE (FOR SAE WIRHS 26 TO 10GA.)
511
544
19002 230 170 654 715
Alloy / CDA Number 18080 17510 | 19025 411 260 172 510 638 706 752
(Reference) 151 197 186 194 210 195 220 226 422 240 425 6388 521 725 762 770
Terminal Material 90 | san70 | 60 | 56 | s0 | 45 | 40 | 37 32 27 | 19 | 14| 1 8 5
% Conductivity
Terminal Material Resistivify
(micro-ohm-mmz2mm) 19.1 21.5 24.6 28.7 30.7 34.4 38.2 43.0 46.5 53.8 63.7 90.5 | 122.9 | 156.4 | 215.0 | 344.0
Wire
Size: Actual
Wire SAE Cond. Dia Allowahle Resistance (mQ)
Size Metric Area | (Solid)
AWG mm? | (mm? | (mm)
10 5 4.65 2.433 | 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.82
12 3 2.91 1.925 1 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.66 1.03
14 2 1.85 1.535 | 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.62 0.83 1.29
16 1 1.12 1.194 | 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.65 0.80 1.07 1.66
18 0.8 0.76 0.984 | 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.60 0.78 0.97 1.30 2.02
20 0.5 0.508 0.804 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.74 0.96 1.19 1.59 2.47
22 0.35 0.32 0.638 | 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.61 0.70 0.93 1.21 1.50 2.00 3.11
24 0.22 0.211 0.518 | 0.55 0.55 0.55 0.55 0.55 0.55 0.59 0.64 0.68 0.75 0.86 1.14 1.49 1.84 2.46 3.83
26 0.13 0.127 0.402 | 0.55 0.55 0.57 0.63 0.66 0.71 0.76 0.82 0.87 0.97 1.11 1.47 1.92 2.37 3.18 4.94
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TABLE 4.5.2.5-2A - DRY CIRCUIT CRITERIA FOR CHANGE IN RESISTANCE (FOR ISO WIRES TO 6MM?)

511
544

19002 230 170 654 | 715

Alloy / CDA Number 18080 17510 | 19025 | 411 260 | 172 | 510 | 638 | 706 | 752

(Reference) 1510 | 197 | 186 | 194 | 210 | 195 | 220 | 226 | 422 | 240 | 425 | 688 | 500 | 725 | 762 | 770

Terminal Material 90 80 70 60 56 50 45 40 37 32 27 19 14 11 8 5

% Conductivity
Terminal Material

Resistivity 19.1 21.5 24.6 28.7 30.7 34.4 38.2 43.0 46.5 53.8 63.7 90.5 | 122.9 | 156.4 | 215.0 | 344.0
(micro-ohm-mm2/mm)
Wire Actual

Sllsz; (/.:\?2: (SD(I)iIii;j) Allowable Resistance Change (mQ)
(mm®)  (mm?) _ (mm)
6 5.59 2.667 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 033 0.33 0.43 0.67
5 4.35 2.354 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 433 0.36 0.49 0.76
4 3.70 2.170 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0433 0.33 033 0.40 0.53 0.82
3 2.79 1.884 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0,33 0.33 037 0.46 0.61 0.95
2.5 2.28 1.704 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 Q41 0.50 0.67 1.05
2 1.85 1.534 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0:33 0.33 0.35 045 0.56 0.75 1.17
1.5 1.37 1.321 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.40 052 0.65 0.87 1.35
1.25 1.15 1.212 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0:33 0.33 0.33 0.44 057 0.71 0.95 1.48
1 0.94 1.094 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0:33 0.33 0.37 0.49 063 0.79 1.05 1.63
0.75 0.70 0.946 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.37 0.42 0.56 Q73 0.91 1.22 1.89
0.50 0.47 0.772 0.33 0.33 0.33 0.33 0.33 0.33 0.36 0(39 0.41 0.46 0.52 0.69 090 1.11 1.49 2.32
0.35 0.33 0.651 0.33 0.33 0.33 0.35 0.36 0.39 0.42 0.46 0.48 0.54 0.62 0.82 107 1.32 1.77 2.75
0.22 0.20 0.508 0.35 0.38 0.41 0.45 0.47 0.50 0.54. 0.59 0.62 0.69 0.79 1.05 136 1.69 2.26 3.52
0.13 0.13 0.402 0.45 0.48 0.51 0.56 0.59 0.64 0.68 0.74 0.78 0.87 1.00 1.33 172 2.14 2.86 4.45

TABLE 4.5.2.5-2B - DRY CIRCUIT CRITERIA FOR}CHANGE IN RESISTANCE (FOR SAE WIRES TO 10GA.)

511
544
19002 230 170 654 | 715
Alloy / CDA Number 18080 17510 | 10025 | 411 260 | 172 | [510 | 638 | 706 | 752
(Reference) 151 | 107 | _486)| 194 | 210 | 195 | 220 | 226 | 422 | 240 | 425 | ess | |s21 | 725 | 762 | 770
Terminal Material 9 80 70 60 56 50 45 40 37 32 27 19 14 11 8 5
% Conductivity
Terminal Material ResistiYity 1901215 | 246 | 287 | 207 | 344 | 382 | 430 | 465 | 538 | 637 | 905 | 122.9 | 156.4 | 215.0 | 344.0
(micro-ohm-mm2/mm)
Wire
Size: Actual
Wire SAE Cond. Dia. Allowable Resistance Change (mQ)

Size Metric Area |l(Salid)
AWG | mmd | mm? | (mm)

10 5 4.65 2.433 ] 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.35 0.47 0.73
12 3 2.91 1.925 | 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.36 0.45 0.60 0.93
14 2 1.85 1.535| 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.35 0.45 0.56 0.75 1.16
16 1 1.12 1.194 | 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.34 0.45 0.58 0.72 0.96 1.50
18 0.8 0.76 0.984 ] 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.36 0.41 0.54 0.70 0.87 1.17 1.82
20 0.5 0.508 0.804 ] 0.33 0.33 0.33 0.33 0.33 0.33 0.34 0.37 0.39 0.44 0.50 0.66 0.86 1.07 1.43 2.22
22 0.35 0.32 0.638 | 0.33 0.33 0.33 0.36 0.37 0.40 0.43 0.47 0.49 0.55 0.63 0.84 1.09 1.35 1.80 2.80
24 0.22 0.211 0.518 | 0.35 0.37 0.40 0.44 0.46 0.49 0.53 0.57 0.61 0.68 0.77 1.03 1.34 1.66 2.22 3.45
26 0.13 0.127 0.402 | 0.45 0.48 0.51 0.56 0.59 0.64 0.68 0.74 0.78 0.87 1.00 1.33 1.72 2.14 2.86 4.45
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TABLE 4.5.2.5-3 - ACCEPTANCE CRITERIA FOR WIRES LARGER THAN 6MM?

Wire Size Maximum Total R Maximum Change in R
(mm?) (mV/A [mQ]) (mV/A [mQ])
>6 and <12 0.15 0.09
212 and <20 0.11 0.07
220 and <30 0.08 0.05
230 and <40 0.06 0.04
240 and <50 0.05 0.03
250 and <60 0.04 0.02
260 and <120 0.03 0.02

453 Measurement |

45.3.1 Purpose

This procedure describ
will not alter that resis
require that the voltag
Performance at these
crimps containing multi
45.3.2 Samples:

1. Prepare a minimur
three (3) additional

2. A sample length of

Miethod for Dry Circuit Termination Resistance of Static Contacts

es how to measure the termination resistance of static contacts under dry ¢
tance by breakdown of insulating films or softening of contact asperities
e across the test sample be <20 mV and.maximum current through the

ble wires, perform the resistance measurement on the smallest wire.

h of 13 samples: A minimumiof 10 samples of each crimp height shall be
soldered samples to be used'as “deduct” samples in 4.5.3.4-4.

150 mm is recommended. However, any sample length >75 mm is accept

no effect on the cifimped wings during-processing and handling of samples. The same leng

samples under test]
3. Prepare resistance

4. Apply solder to me

and for the deduct’'samples.
measurement points on the cable 75 £ 3 mm from the rear edge of the term

hsuring point C, Figure 4.5.3.4 (stripped end of wire) to obtain consistent reg

ircuit conditions, which
Dry circuit conditions
sample be <100 mA.

levels is indicative of interface performance at any lower level of excitafion. For evaluation on

submitted for test plus

hble as long as there is
h shall be used for all

inal conductor crimp.

dings.

4533
45.3.4 Procedure

1.

Equipment: Micro-Ohmmeter

Perform a visual inspection of components per paragraph 4.2.

2. Assure measurements are made on thoroughly dry samples without cleaning or rinsing of corrosion products.

3. Assure relative movement of samples is minimized to reduce effects of movement on measured values.

4. Measure and record the resistance of the three samples with soldered crimps and average the values. The
measurement is made at a point 75+3 mm from the rear edge of the terminal conductor crimp.
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5. Measure and record the resistance between the cable measuring point B and point C on the terminal just in front of
the conductor crimp (Figure 4.5.3.4). The V+ lead may be on the insulation wing if it does not touch the core.
Note: A 4-wire measurement as shown is required. “Kelvin clips” are allowed for this, but the solder method shown is
a better lab practice since Kelvin clips may give false failures if good contact is not reached with the clip.

6. Calculate and record the crimp resistance. The crimp resistance is equal to the overall resistance measured in step 5,
less the average “deduct” sample resistance measured in step 4.

45.3.5

This is a measurement

45.4 Accelerated Te

4541

1. This procedure def

2. Accelerated tempe
humidity and high &

3. High and low temp
other materials, an

45.4.2

A B 753 mm

10

)N

i

v+{, (Alternate Sense point V-
/ Solder

Micro-Ohmmeter

Acceptance

Purpose

Samples

FIGURE 4.5.3.4 - DRY CIRCUIT MEASKREMENT POINTS
Criteria
procedure only so there are no acceptance criteria.

mperature / Humidity Cycle Canditioning — 24 hour cycle test procedure

nes an acceleratedversion of temperature/humidity cycle conditioning.

| establish electrical bridging between circuits.

prature<and high humidity environments may promote corrosion of metals, d

ature/humidityscycling conditioning is used to determine the effect of sequential exposure to high
Ind low temperature environments on electrical and electronic components.

bgrade properties of

Prepare samples per paragraph 4.5.3.2. Note: The same sets of samples shall be consecutively exposed to the Thermal
Shock (T/S) and Temperature/Humidity (T/H) conditioning and be measured by either the dry circuit or voltage drop
procedures described in this specification.

4543

A wDh PR

Equipment

Humidity chamber.
Forced air oven.

Temperature chamber.
Automatic temperature/humidity cycling chamber. This equipment may be used as an alternative to that listed in

paragraphs 1, 2, and 3 above.
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45.4.4 Procedure

Expose test samples to four (4) cycles of the environmental exposure sequence described below:

16 hours
. 2 hours

a.

b
c. 2 hours
d. 4 hours

@ +65+3°C 95-98% RH

@ -40+3°C Humidity not controlled
@ +85 £ 3°C Humidity not controlled
@ +23 £ 3°C Humidity not controlled

The maximum transfer / transition time of samples from one environment to the next during the defined temperature/
humidity cycle is 1 hour. The cycle timing starts when the chamber reaches the target temperature. All time periods listed

in the defined cycle ha
4545 Acceptance

This is a conditioning p
455 Thermal ShocK
4551 Purpose

This test specification

€ a tolerance of £ b minutes.
Criteria
focedure only. There are no acceptance criteria.

Conditioning Procedure

details the procedure for testing the functional. teliability of electrical and

when subjected to altefnating high and low temperature environments:, Rapid transfer between the

the component’s ability

455.2 Samples

to withstand drastic temperature changes.

1. Make certain that tihe cable insulation can withstand'the rigors of the test conditions.

2. Prepare samples p
conditioning and b
4553 Equipment: 1

455.4 Procedure

Perform visual exa
Perform dry circuit

er paragraph. 4.5.3.2. The'same set of samples shall be consecutively expa
measured by either the-dry circuit or voltage drop procedures described in

'hermal shock chamber or separate hot and cold chambers.

Mination-per paragraph 4.2.
resistarice per paragraph 4.5.3.

Set controls to the

electronic components
fwo environments tests

sed to the T/S and T/H
this specification.

hecessary temperatures. dwell times. and number of cycles.

1
2
3
4.
5
6

Allow the chambers sufficient time to achieve the programmed temperature.
Place the samples in the transfer basket. Insure that the test samples cannot jam the transport mechanism.
Start the test program per Figure 4.5.5.4.
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|<— 5 Minutes max.

125°C T

5 Minutes max.

-40% 1 —

30 Minutes ———m=

=

r—— 30 Minutes ——m=—

1 Cycle

FIGURE 4.5.5.4 - THERMAL SHOCK CYCLE

7. When test program
8. Perform visual exa
9. Report operating tg
4555 Acceptance

This is a conditioning p
45.6 Voltage Drop M
This test is intended to
45.6.1 Purpose

1. This procedure dé
conditions. Itisto i

2. Current is applied t
will be allowed to fl
45.6.2 Samples:
1. A minimum of 10 {
recorded for no les|

heights may be ing
drop requirements

is complete, shut off the thermal shock chamber and remove samples;
mination per paragraph 4.2.
mperatures, dwell times, number of cycles and evaluation tests, if performe

Criteria
focedure only. There are no acceptance criteria.
leasurement Procedure

be used for terminals crimped on >6mm? wire'size.

fines measuring the termination:-voltage drop of static crimped contag
e used to validate terminal/wire:combinations where the wire core cross-seq

D the sample under test so*voltage drop of the termination can be measureg
bat during this test.

bamples of each crimp height under test shall be submitted for test. Data
5 than 3<cansecutive (minimum, maximum and nominal) production crimp h
ludedinsthe test to assure there will be at least 3 consecutive crimp height
These” samples may also be used for the pull test samples after the acc

p—a

ts under high energy
tion is >6mm?2,

. Power supply voltage

shall be obtained and
pights. Additional crimp
5 that meet the voltage
elerated environmental

exposure and volta|

ge’drop measurements are made.

the crimps on these “Deduct” samples.

Prepare 3 additional samples to be used to determine the deduct voltage drop as required in 4.5.6.4 — Step 6. Solder
(The voltage drop will be measured in the same manner as the samples

under test. These “Deduct” samples will be identical in length, wire type and terminal type to the other samples under
test except the terminal crimp will be soldered. Use the average voltage drop measured on these 3 “Deduct” samples
as the deduct value for this test.

NOTE: A sample length of 150 mm is recommended however any sample length >150 mm is acceptable as long as there
is no effect on the crimp during processing and handling of samples. Longer wire length may be necessary if the
samples are powered in series for this test. Use the same length for the deduct samples as for the TUT.
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3. Prepare the voltage drop measurement points on the test samples at a point on the cable 75 £ 3 mm from the rear
edge of the terminal conductor crimp.

4. Apply solder to measuring point C of Figure 4.5.6.2 using center strip or stripped end of wire (to obtain consistent
readings). The V+ test lead may be connected to the insulation wing if the wing does not touch the wire conductor
core.

NOTE: The same set of samples shall be consecutively exposed to the T/S and T/H exposure and be measured using
the voltage drop procedures described in this specification.

For multiple wire crimps, high current evaluation, perform the mVD measurement on the smallest wire. Test current level
will be based on the wire_selected for the mVD measurement

75mm 1. 275mm

C D
Alternate locations
Digital Multimeter
Wire size >6.0mm*
V+ V-

|+ | Current per Tabte -
4.5.6.4-2

FIGURE 4.5.6.2 - POWER HOOK-UP AND NJBASUREMENT POINTS FOR VOLTAGE DROH MEASUREMENT

45.6.3 Equipment
1. DC Power supply 0~20 V with:current as required (0~20V, 100A min)
2. Digital Voltmeter
3. Test bench. Note:(Relative movement of samples should be minimized to reduce effects on measured values.

This is an ope air-bench-test—n-an—effort-to—maintain rnpnnfnhility, care-should-be-takén to avoid drafts from
HVAC, open windows, etc.



https://saenorm.com/api/?name=9edcecf32f800cc68c5eb67081f7632f

SAE/USCAR-21 REVISION 3 Revised 2014-11
PERFORMANCE SPECIFICATION FOR CABLE-TO-TERMINAL ELECTRICAL CRIMPS -28 -

4.5.6.4 Procedure
1. Perform a visual inspection of components per paragraph 4.2.
2. Apply current based on wire size per table 4.5.6.4-2 at points A and D of Figure 4.5.6.2.

TABLE 4.5.6.4-2 — VOLTAGE DROP TEST CURRENT

Wire Size Current
(mm?) (A)
>6 and <12 50
212 and <20 75
=220 and <30 100
230 and <40 100
240 and <50 100
=250 and <60 100
260 and <120 100

3. Allow the tempprature of samples to stabilize with current applied.

4. Measure and rpcord the voltage drop of the 3 Deduct samples with soldered crimps. The|measurement is made
at a point 75+3[mm from the rear edge of the terminal conductor crimp. The average voltage drop value of these 3
samples will b¢ used in step 6. (If the samples are _connected in series, include the soldered samples with the
samples underf|test.)

5. Measure and record the voltage drop on each sample between the cable measuring poirft B and point C on the
terminal, just inl front of the conductor crimp. (See Figure 4.5.6.2).

6. Calculate and fecord the crimp-to-wire voltage drop: The crimp voltage drop is equal to the|overall sample voltage
drop measured in step 5, minus the average voltage drop of the 3 “Deduct” crimp samples fmeasured in step 4.

[~y

NOTE: Samples may be connected in séries and powered up all together as long as the “B” and “C” measurement points
are accessible Jand do not interfere with measurement points on any other samples wired in this series. Split bolts
or terminals crimped to both.ends of the sample under test are acceptable methods for agplying current in series
to 2 or more tgrminals forjthe purpose of using voltage drop to validate the crimping progcess on >6 mm? cable.
Applying the teést current in series to all samples at once will reduce set-up, measurement and environmental
errors or differences.

45.6.5 Acceptance Criteria

This is a measurement procedure only so there are no acceptance criteria.

4.6 Applied Cable Seal Retention

46.1 Purpose

This procedure provides the method to measure the ability of an insulation crimp to hold an applied cable seal in the
correct position during insertion into a terminal cavity. This section applies to terminals with a cable seal applied at the

crimping operation. When the insulation crimp wings retain the seal correctly, it assures full insertion of the sealing ribs
into the applicable terminal cavity.
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NOTE: This is a new requirement in SAE/USCAR-21 REVISION 3. Validations done to previous versions must pass this

test to be compliant to this level.

NOTE: Any details governing cable seal retention and the proper positioning of the seal that are found in the terminal
and/or connector suppliers’ product specification or handling manual can be used to supersede these
requirements but the variance to this section must be documented on the test report and in the statement of

compliance to USCAR-21.

4.6.2 Equipment

1. Force tester.
2. Measuring devige capable of measuring insulation crimp height.
3. Test fixture designed to fit between the insulation crimp of the terminal and the first.rib of the cable seal. The test

fixture must be flesigned in a way that provides adequate surface area to constraif)(the sea
ing excessive pfessure against the neck area of the seal. An example of a testdfixture / se
4.6.2.

Note that the fixture myist be sized specifically to the seal being tested. The fixture must be large 4
from passing through but loose enough to not tear the neck area.

FIGURE 4.62=>FIXTURE EXAMPLE FOR APPLIED CABLE SEAL RETENTION

4.6.3 Samples

ing ribs, while prevent-
f-up is shown in Figure

nough to keep the ribs

TEST

A minimum of 10 samples are required to be tested. Crimp the samples to the maximum intended ICH for the subject
terminal / seal / wire combination. Care should be taken to assure the cable seal is positioned properly per Section 4.2.5.
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4.6.4 Procedure

1. Measure and record the insulation crimp height for each sample.

2. Insert a test sample into a holding fixture as shown in Figure 4.6.2. The fixture must hold the applied cable seal in
place while the terminal is pulled off the cable seal neck area. Excessive pressure against the neck area of the seal must
be avoided as this can cause inaccurate results.

3. Record fixturing method. Include a photo of test set-up in the test report if new fixture is used for this test.

4. Measure and record the force (N) to pull the terminal off the neck area of the cable seal for each sample. The force
must be app|ied in the axial direction at a rate of 50 + Smm /minute

5. Report any observations from visual examination.
4.6.5 Acceptance Crlteria

The force required to ptll the terminal off the seal neck must meet the force shown in Table 4.6.5. Note: Samples that fail
per Table 4.6.5 but are[shown to have a higher retention force than the correspending insertion forge of the seal into its
mating connector cavity meets the intent of this section and it is expected thatthe requesting OEM pustomer will accept
the lesser value. USCAR-21 conformance requires the table value to be met, however.

TABLE 4.6.5 - APPLIED CABLE SEAY RETENTION

Wire Size Seal Retention
(mm?) (Minimum.)
0.13t0 0.50 8N
0.75t0 3.0 10N
24.0 12N
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5. VALIDATION REQUIREMENTS FOR CRIMPED TERMINALS

5.1 Validation Test Requirements

5.1.1 The validation requirements listed in Table 5.1 shall be conducted and meet the Acceptance Criteria to
demonstrate compliance to USCAR-21.
TABLE 5.1 - TESTS REQUIRED FOR VALIDATION
Reguirement Lab Minimum
Test Section Validation Caopformance to
(Yes/No) Tolerance
Compaction (Merified in production by terminal,
cable, and crimp tool - Crimp dimensions Appendix E, 1-2 Y 100%
traceable to vajidation testing)
Appearance
- end of condugtor 4.2.5-2 Y 100%
- end of insulation 4.2.5-3 Y 100%
- cut off 4.2.5-4 Y 100%
- bellmouth 4.2.5°5 Y 100%
- conductor crifnp 4.2.5'6 Y 100%
- insulation crimp 4.2.5-8 Y 100%
- individual calfle seal 4.2.5-10 Y 100%
- terminal bend and twist due to crimping Appendix E #5 N 100%
Crimp geometily
- Conductor and insulation crimp height and .
width (CCH, CEW, ICH, ICW) constructed per Appendix E Y 100%
provided methgd #6-8
- cross-section|requirements 4.3 Y 100%
Mechanical pefformance
- Pull out force 4.4 Y (X -3s > Limit
- Applied Cabl¢ Seal Retention (if applicable) 4.6 Y 100%
Electrical perfgrmance
Accelerated Engvirghmental (ENV)
(L_OW Impedance d.ppll(._,dlIUIIb TEQUITIITY L!IIIIEU 452 v 100%
wire must be tested using bare copper wire (to
optimize crimp parameters)
Current Cycling (ECC) —
ECC is an alternate electrical test allowed for
vglidgtion of Power_ applications only Where_ 100%
wire is £ 6mm?Z. This approval method requires
. 45.1 Y (When used as
end-customer (OEM) approval.. .ECC is also alternate test)
used as an optional test in addition to ENV
testing per customer request.
NOTE: Per standard automotive PPAP procedures, cable, terminal and crimp tooling combination used for manufacturing

validation to this spec may not be varied without revalidation.
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5.2  Customer Approval

Customers are advised to have an assessment and approval process for crimps that do not meet all sections of USCAR-
21 but are believed to be acceptable based on engineering studies or field experience. These approvals are between a
specific customer and supplier so an approval by one customer does not mean USCAR-21 was met. Any variances from
the requirements of this specification must have documentation showing which sections of USCAR-21 were not met. The
most common circumstance for this condition is when the electrical and pull values are met but the cross-section is
marginally deficient per Section 4.3.5.

5.3 Reference Validations

5.3.1 Purpose:

The Reference [REF] method can be used to claim USCAR-21 compliance on an identicakparf/condition to what has
already been validated{ Two circumstances typically apply:

1. A crimper wants tp follow the USCAR-21-validated specifications of the terminalbmaker rather than validating the
crimp independently.

2. A crimper identifie§ a case where the proposed terminal, cable, tooling, and-process specifications are the same and
can demonstrate the existing testing is representative.

5.3.2 Allowable use ¢f a “same as” validation

If a REF validation is fequested based on the application being the "same as" another applicatipn already validated to
USCAR-21, then the atfributes of Section 5.3.2 must ALL be confirmed to be the same.

“Same as" is defined a$ having the following attributes identical:

e Terminal stock|thickness.

e Material (alloy gnd temper).

e Terminal platinp.

e Terminal condyctor wing dimensions and features [serrations, etc.].

¢ Insulation outside diameter.

e Conductor strahding, material, compression and cross-sectional area. Exception: cables wjith more than 80
strands can deyiate 3% in the strand count and be considered the same. Note: “Same as’| does not allow 7 and
19 strand consjruction for a given wire size to be called the same; they are different wires gnd users have found

different test relsults—S SO and-JHS a-tynes 8-S3 d different conductor core
cross-sectional area and must also be validated as separate wire sizes.

5.3.3 Reference Validation for similar cable core but not insulation

Cables with the same conductor core construction, but differences in the insulation may be considered the “same” for the
conductor crimp validation. However, the insulation crimp must be validated per the applicable cross-section requirements
for validation (cross section per 4.3.5-3 and the applied seal retention per 4.6).

5.3.4 (Deleted)

NOTE: In previous versions, 5.3.4 allowed for approvals using a “Previous Electrical Validation (PEV)” method in specific
cases for high power terminals. This was a very specific exclusion and it was useful only in the early years of this
spec. It is no longer allowed. As of this revision, no previous validations can be used. Any supplier requesting a
variance should contact and get approval from their OEM customer.


https://saenorm.com/api/?name=9edcecf32f800cc68c5eb67081f7632f

SAE/USCAR-21 REVISION 3

PERFORMANCE SPECIFICATION FOR CABLE-TO-TERMINAL ELECTRICAL CRIMPS

Revised 2014-11
- 33 -

APPENDIX A - TERMINAL CRIMP WING DESIGN RECOMMENDATIONS

A. Cable Loading: There is no preferred way to group wires so they can share a common terminal design. Any grouping
strategy (cable loading schedule) is acceptable. USCAR-12 has crimp design requirements that terminals must follow
that will help determine a preferred cable loading for a specific terminal.

B. Terminal Crimp Wing Engineering Guidelines

The following guidelines are intended only to assist in passing the requirements of this specification. They are
based on previous experience from terminal suppliers:

1.

2.

The terminal supplier determines double application terminals.

Core wings that have features to break oxides and minimize cable strand movement W
results. Sharpicornered serrations are preferred.

Tin or silver plgting is the optimum design for a typical vehicle life (15 year/150K): EWCAFH
that are recommended by USCAR (http://uscar.org/quest/teams/10/Electrical-Wiring-C

Il give better electrical

P-001 specifies platings
bmponent-Applications-

Partnership and click on terminal blades). Use caution when specifyingnickel, stainles
wings since use of these materials have been shown to result in high €rimp resistance.
perature wire @lso may not pass this electrical testing and may reguire specific changes
based upon cirfuit application sensitivity (i.e. Oz sensor circuits).

Optimum 15 year/150K mile life is obtained with similar alloys, tempers used for spring
arms. This majntains crimp wing normal force with time and temperature. It also provides
wing relaxation| due to movement and stresses applied.during vehicle life.

Wing blank width should be designed to provide for uniform strand dispersion for the gau
This is necessary for optimum electrical strand contact, pulls, and nuisance free use of cri
itors.

Crimp electricdl performance should be done separately from connector testing. This is
stable milli-Ohm acceptance criteria.can detect the loss of strand contacts in the crimp.
criteria must then be able to pass USCAR tests in connectors.

s steel or gold in core
Nickel plated high tem-
in acceptance criteria

members and contact
strength to resist crimp

ge size recommended.
mp force process mon-

jlone so that a low and
Crimps that meet this

Pull testing muyst only be used to determine mechanical strength and not used as a proxy for good electrical

performance. [UJsually thelgest electrical performance is on the tight side of the pull vs.
Figure A-1). Bgth over and’'under compaction can result in poor electrical and or mechanica

The preferred |nsulation crimp geometry is the traditional “F” or “B” crimp. Overlapping,

rimp height curve (ref.
|| performance.

liagonal cut bypassing

wings, or buttipg“wings may be used, but may be sensitive to crimp processing conditior

s. It is usually best to

design specific crimp wings for heavy-wall, regular-wall, thin-wall and/or extra thin-wall insu

lations.
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9. Where possible, crimp wings should be designed for European, US, and/or Asian cable constructions.

Note: Not all cable with the same size callout has the same cross-sectional area. SAE, ISO, JIS, DIN, etc. wire
types may have the same size designation but each will have its own core cross-sectional area. A crimp devel-
oped and validated to a terminal/wire combination with one wire specification cannot be used to approve the same
terminal with a different wire specification. Example: validated crimp dimensions for a XXX terminal crimped on a
0.5 mm?2 SAE wire cannot be used to validate a crimp on the same XXX terminal with a 0.5 mmz2 JIS or 0.5 ISO
wire. Moving from a wire constructed to one wire specification to a wire constructed to a different specification will
require crimp re-validation even when they both have the same size designation. Example: SAE 0.5 mm?2
(0.508 mm2 min) wire does not have the same cross-sectional area as ISO 0.5 mm?2 wire (0.4647 mm?2 min calcu-
lated from maximum resistance requirement).

10. A typical mechanical/electrical performance vs. crimp height curve is shown in Figure A-1.
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Authorized Person:

APPENDIX B - DEFINITIONS

Person responsible as the final authority for releasing a given part for production and/or for testing that part.

Cable:

An assembly made up of several strands of wire (the conductor) and its insulating covering manufactured to a
specific cable specification.

Compaction:

The reduction in cross-sectional area of the combination of the terminal and cable conductor caused by crimping

the terminal on

to the conductor.

Conductor (Core):
A part of a cab

Conductor (Core) Crir
Shapes in the
between the te

Core Cross-sectional
Strand count X

Crimp:
(noun) The co
cable in a man
(verb) The prod
wire insulation

Crimping:
The joining of &
using applicatog

Crimping Force:
The force app
stripped condu

Crimp Only:
An application
der, welding or

e which has the specific function of carrying electrical current.

hp Features:
onductor crimp wings, such as serrations or knurls, meant to improve the e
'minal and the conductor.

area:
the cross-sectional area of each strand.

nection between a terminal and a cable made by deforming the wings, wra
ner that creates a permanent electrical and/or mechanical contact.

ess of joining a wire to a terminal by bending the terminal crimp wings arou
Lising applicator tooling.

wire to a terminal by bending the terminal crimp wings around the wire corg
I tooling.

ied by the press through the crimping tools for the re-shaping of the tern
Ctor during the €rimping process.

termination technologies are used.

ectrical connection

bping them around the

nd the wire core and/or

and/or wire insulation

ninal wings around the

n which.the only method used to connect a terminal to a cable is the terminal crimp. No other sol-

Deduct:

An additional terminal-and-wire sample that has the crimp soldered. The resistance of the Deduct sample is
subtracted from test parts to remove the bulk resistance of the terminal and wire from the measured resistance.

Design Validation:

Tests that are conducted to demonstrate that the design intent is met. Manufacturing must be aware of the crimp
design parameters and maintain them in production.

Grip:

Used in previous versions to mean crimp as a noun. Term is not used in this version.

Insulation:

That part of a cable that electrically separates the conductor from the external environment. The purpose of the
insulation wings is to provide proper strain relief to limit/eliminate wire movement to the conductor crimp.
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