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1. SCOPE

IMPORTANT NOTICE: In any intended vehicle application, if the products covered by this
specification are, or may be, subjected to conditions beyond those described in this document,
they must pass special tests simulating the actual conditions to be encountered before they can
be considered acceptable for actual vehicle application. Products certified by their supplier as
having passed specific applicable portions of this specification are not to be used in applications
where conditions may exceed those for which the product has been satisfactorily tested.

The Authorizé
parts and for
resolving any
to the equipn

documented and included in the final test report.

1. This spec
connectio
attachme
applicabili
Engineer.

Crimp apq
GM, or D4
responsib
informatio
the produ
available,
customer
circuit lies

New or re

All new cr|

what purpose these tests are required. He or she is also the,fina
questions related to testing to this specification and to authorizing &
hent or procedures contained in this specification. Any such' devig

fication defines basic test methods and requirements for solder-less
ns. Some sections of this document may also be@pplicable to other
t methods such as sonic or electrical welding. orsoldering. In these
y of the procedures in this document shall be determined by the Res

lications validated to this specification\supercede any crimp informat
imlerChrysler component prints. The terminal supplier has the prima
lity for testing and selection of crimp tooling and to supply detailed cr

ction crimping. If the wiring(supplier deviates from this information or
then the responsibility fortesting to this specification or getting appro
with appropriate testidata showing that the crimp will function in it’s in
with the wiring harness supplier.

vised terminals.shall be designed to meet this specification.

mp applications shall meet this specification. New crimp applications

as termins

l/wire, crimp combinations not previously specified on Ford, GM, or

bd Person 1S the final authority as to what tests are to be performed]|on his or her

authority for
ny deviations
tion must be

Crimped
erminal
cases,
ponsible

on on Ford,

ry
mp

h or make crimp tooling available to the wiring assembly supplier actdially doing

it is not
val from the
tended

b are defined

5 may be

rysler’vehicle wiring harness assemblies. Existing crimp application

Electrical tests in this specification have been proven by past experience to ensure that

crimps will meet the requirements in SAE/USCAR-2 and SAE/USCAR-20 by including
Thermal Shock, Temperature Humidity, and Power Current Cycling. Testing and electrical
acceptance criteria will detect defects in crimp tooling geometry, plating quality, inadequate
strand distribution in the grip, or cable stranding. Crimp applications that have passed
SAE/USCAR-2 and SAE/USCAR-20 normally have only passed the nominal crimp height
and usually only with the largest gauge size. Therefore, crimps within the production crimp
height range may not necessarily pass this test.
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6. Procedures included within this specification are intended to cover performance testing and
development of electrical terminal crimps that are part of the electrical connection systems
in low voltage (0 - 48 VDC) road vehicle applications at ambient temperatures of 125°C
maximum. The OEM customer must approve use of these test procedures for use at

voltages and temperatures beyond these limits.

7. These procedures are applicable only to terminals used for in-line, header, edge board, and

device connector systems.

1.1 Crimpirjg Parameters

1.1.1 The Crimp connection performance is characterized by:

Mechanical performance is measured by terminal to conductor Pull-Out®orce.
Electrical performance is measured by terminal-to-conductor Crimp Resistance.

1.1.2 The gpometry of a conductor crimp is characterized by:

Conductor crimp height (CCH)
Conductor crimp width (CCW)
Insulation crimp height (ICH)
Insulation crimp width (ICW)
Cut-off
End of condugtor

End of insulation

Bellmouth (flgre)

Burr (anvil flagh) dimension on the base of the conductor crimp
Step between the core and insulation tools

Crimp tooling|geometry

2. REFERENCED DOCUMENTS

SAE/USCAR4{2 Performance Specification for Automotive Electrical Connector Systems

SAE/USCAR{20 Field Correlated Life Test Supplement to SAE/USCAR-2

2.1 DocumentHierarchy

In the event there is a conflict between performance specification, part drawings, and other
related standards or specifications, the requirements shall be prioritized as follows:

15 Applicable FMVSS requirements and other applicable state and Federal requirements.

2"9-Applicable part drawings
3" - Applicable product design specification(s).

4™_Automotive Industry Action Group (AIAG) Production Part Approval Process (PPAP)

5"_Applicable USCAR/EWCAP performance specifications
6™-Other applicable standards and specifications
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2.2 TestRe

221

quest/Order

Samples, Test Type and Special Tests

The laboratory test request/order shall provide location and documentation of test samples,
identify the type of test to be performed (development, validation, special purpose, etc.) and
describe any special tests that are not a part of this specification. Any required revisions to, or
deviations from any tests in this specification must include detailed instructions for each change.

2.3 Materia

Suppliers are
in this specifiq
Unless othery
versions of ar

2.4 Other Referenced Documents

[ ]

o JISC 3404
e [SO/DIS §
e AIAG: Me
e SAE/USC
e SAE/USC
3. GENERA
3.1 Record
The supplier s

records. SucHh
and practices

3.2 Sample

SAE J1128: Low Tension Primary Cable

S and Processes Specirtications

ation and any associated drawings and reference documents:
vise specified or required by law, suppliers are expectedo use th¢
y applicable drawings, reference documents, and standards.

: Low Tension Primary Cable

722 Low Tension Primary Cable

asurement Systems Analysis Referefnce Manual

AR-2 Performance Specification for Automotive Electrical Connector
AR-20 Field Correlated Life Test Supplement to SAE/USCAR-2

. REQUIREMENTS
Retention

bhall maintain.a‘eentral file for the storage of laboratory reports and ¢
record storage must be in accordance with established ISO and AIA

Documentation

expected to adhere to the appropriate Materials and Process that gre referenced

b most recent

Systems

hlibration
G policies

All test samp
PPAP.

esS shall De I1dentified In accoraance with the requirements or 1SV

nd the AIAG
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3.3 Sample Size

Minimum sample sizes are given for each test in this specification. A greater number of samples
may be required by the test request/order. However, no part or device may be represented as
having met this specification unless the minimum sample size has been tested and all samples
of the group tested have met the applicable Acceptance Criteria for that test. It is never
permissible to test a larger group, then select the minimum sample size from among those that

passed and represent that this specification has been met. Any alternative samp
methodologies must be approved by the Authorized Person.

le size and/or

3.4 Default|Test Tolerances

Default Tolefances, expressed as a percentage of the nominal value unle
indicated:

A. Temperatre = +3°C
B. Voltage = 5%
C. Current = +5%
D. Resistance = +5%
E. Length = 5%
F. Time = 5%
G. Force = +5%
H. Relative Humidity = +5%

3.5 Test Default Conditions

When specifi¢ test conditions are not_given either in the product design specific
request/order|or elsewhere in this specification, the following basic conditions shal

A. Room Temperature = 28+5°C
B. Relative Humidity = =_‘Ambient
C. Voltage 214.0+£ 0.1 VDC

3.6 Equipment

ss otherwise

htion, the test
apply:

Neither the ligtshown in Table 3 6 _nor the list in each test section is all-inclusive |

L is meant to

highlight specialized equipment or devices with particular accuracy requirements. Many other

items of customary laboratory equipment and supplies will also be required.
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DESCRIPTIO

N

REQUIREMENTS

AC or DC Power Supply

(Regulated)

0-20V
0-100 A

Micro-ohmmeter

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

Digital Multimeter

Capable of measuring the following:

(DMM) 0-50 Volts DC with an accuracy of 0.5% of full scale
0-10 MegOhms with an accuracy of 0.5% of full stale
Current Shunts 100 mA or as required with accuracy of + 1% of\nominal
Millivolt Metef Capable of measuring 0-100 mV DC an aecuracy of 0.5mV or
better
Thermocouplés Type "J" or "T" as required
Force Tester Capable of an accuracy of <1% of measurement
Data Logger As Required
Temperature Cycling -40°C to 125°C
and/or 0% to 98% RH

Thermal shod

k Chamber

Forced Air Oyen +85+3 °C

Temperature Chamber -40 +/- 3°C

Temperature/Humidity 95 to 98% RH_at+65 +/- 3°C

Chamber

Note: Use of ¢quipment with a lesser range is acceptable for specific tests where the required

range for that
equipment wi
example, a D
volts, with the)

3.7 TestOr

der.and Set-Up

test can be met. The equipment range specified does not preclude u
h a larger range, butithe accuracy must remain within the specified tc
MM with a range 6f)0-100 volts could be substituted for one specified
provision that the accuracy could be maintained as 0.25mV or better.

Table 3.6 - Equipment

5e of
plerance. For
as 0-50

Diagrams are

provided-where recessary to clarify thedetaits of thevarious test pr

cedures. The

tests in each section must be performed in the order given unless otherwise specified in the test
request/order. Construction details for selected test fixtures and equipment are provided in each

section.

3.8 Definitions and Glossary of Terms

Terms defined in the definitions or glossary are capitalized (i.e. Room Temperature, Steady
State, PLR, etc.). A list of definitions is provided in Appendix B. A glossary of terms is provided
in Appendix C.
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3.9 Measurement Resolution

Unless otherwise specified, meters and gages used in measurements of the test sample(s) shall
be capable of measuring with a resolution one decimal place better than the specified value. For
example, even though a wire diameter specified as 0.1 mm might actually be the same as one
specified as 0.10 mm, calipers capable of 0.01 mm resolution may be used to measure the first

wire but a micrometer with 0.001 mm resolution is required to measure the second wire.

3.10 Test Repeatability & Calibration

All equipmen
the applicabl
Measurement

used for test sample evaluation shall be calibrated and maintaineg
e standards and requirements set forth by ISO and the) AlA
Systems Analysis Reference Manual. Copies of this Manualcan be

the AIAG by
Detroit, M| 48
web site, ww

calling (248) 358-3570 or writing to AIAG, Dept. 77839,Rost Offic
277-0839, Attn: Customer Service. Information may also‘be obtaine
w.aiag.org . Documentation is to be recorded and retained in acq

Section 4.1 of

A list of instru
calibration is
3.11 Confa
Test conform

conducted. A
test cycles, of

4, TEST&A

4.1 Genera
The test prog
However, the
overcome an
have already

this USCAR/EWCAP specification.

ments and equipment used, date of the last calibration, and when the
Hue is to be included in each test report.

rmance Determination

ance shall be determined by the performance requirements of t
| samples must satisfy the performance requirements regardless o
test temperature, exceptwhere a test to failure is specified.
CCEPTANCE REQUIREMENTS

Testing Requirements

edures thatdollow were written as stand-alone tests and may be U
y are nermally used in a sequential test format and common sense

/ redindancies in sample preparation or in procedures. For examp,
been-prepared for the preceding test in a sequence, it should be ob

according to
5 publication
pbtained from
e Box 77000,
d at the AIAG

ordance with

next

ne test being
sample age,

sed as such.
is required to
e, if samples
vious that the

pd as a stand

sample prepa

ration step for that individual test (inrludpd so that test can be use

alone test) should be skipped. Should any conflicts or questions arise concerning procedures
and/or requirements, contact the Authorized Person. Any test plan approved by the Authorized
Person that shows compliance to the minimum performance requirements with test data is
acceptable.

4.1.1 Dimensional Characteristics

Part construction shall conform to the dimensions, shape, and detail attributes specified on the
latest revision of the applicable part drawing(s).
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4.1.2 Material Characteristics

All material used in each test sample shall conform to the material specifications on the latest
revision of the applicable part drawing(s).

1.

Any engineering development, prototype, or production parts may be submitted for test.

bly" condition
die lubricant
revail for test

2. The samples submitted for test should be identified by description, part number, and
revision letter.

3. For valida}ion testing, all parts are to be in their "as furnished for vehicle assem
when testing begins. For example, electrical terminals typically have residua
on them when finally assembled into a vehicle. This same conditionymust p
samples.

4. Samples submitted for any test shall be prepared per Appendix E.

4.2 Visual Inspection

421 Purpgse

This test is U
evaluation of
be made with
with normal

lighting. Pho
documentatio|
retained for p

assist in the

sed to document the physical appearance of test samples and to
the effects of environmental conditioning on test samples. A compa
other test samples. Examinations'in most cases can be accomplish

ison can then
by a person

br corrected vision, and normal color sensitivity, under cool whife fluorescent

tographs and/or videos:.(are encouraged as a more comple
h. An appropriately idéniified untested sample from each test gr
bst-test physical comparisons if photographs/video’s are not taken.

means of
oup must be

hnd any

ges are

4.2.2 Samples

1. The samples should{cenform to the requirements of the specified conditioning
additional|measurements that are to be performed.

2. For purpopes'\of comparison and especially when only subtle appearance chan
anticipatet, it is desirable to submit an additional sample to serve as a control

4.2.3 Equipment

Video/photography equipment.
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4.2.4 Procedure

1.

2.
sample fo

3. Ifthe term
below, the

4. Return tes
been obtained.

4.2.5 Acceyf

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. When
specified in the test request/order, take photographs and/or video recordings of
representative samples to be tested and keep a properly labeled control sample.

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

conditionimwmmmm?m
any differgnces in the test report. The Authorized Person will need to provide a

General Appearance — Refer to Figure 4.2.5. The crimping operation should n

contact, Ig
characteri

[ this purpose.

inal supplier's appearance requirements are more strict than’those s
n the terminal supplier specifications should be applied.

t samples to requestor after all tests are completed'and all necessar

ptance Criteria

stics are verified as part of USCAR-2 testing.

IM U La TIO M
" CRIMP

AF

IN SULA TIEHNG Ribd PO ID TH (IS0
CONDUCTOR CRIMP WD TH (T CW% \

N
END OF EDNDUCTDH%|

CONDUCTOR CRIME

C ABLE

£

= END OF
INSULATION

CONDUC TOR STRANDS

cking, connector mating, or insertign functions of the terminal. Thes¢

5, recording
n additional

pecified

data have

pt affect the

D

BELMOIITH
FROMNT REAR

& it

CONDUCTOR CRIMPHEIZHT(C CH) CUTOFF

———

INSILATON CRIMF HEIGHTCIC H)

Figure 4.2.5: Appearance Acceptance Criteria

-10 -
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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 (plug through seals) must not be damaged by the core, and may
require core depressors and strip length control to depress the core in front of the core wing.

3. End of insulation

The end dfthe nsutation mustbe visibie N the window between the conductoricrimp 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.

4. Cut-off

a. The ciit-off length shall not exceed 0.5 mm unless otherwise-specified on the component
print.

b. The buirr on the cut-off must not exceed 0.3 mm unless otherwise specified|on the
compgnent print.

c. The culit-off and burr must not affect the insettion function of the terminal intp the
connegtor.

5. Bellmouth (Flare) The conductor crimp (d.) shall have g bellmouth

(flare) on the side of the grip nearest fhe insulation
crimp.

Bellmouth (Flare) is
refuired here. The conductor crimp may also have a bellmouth
(flare) on the front edge of the condugtor crimp,

nearest the terminal body.

Bellmouth (flare) on the insulation crifnp (e.) should
not exceed the insulation crimp tolergnces.

Two Stage Conductor Crimp (Flare not
required on second stage)

D)

-11 -
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6. Conductor Crimp

All individual strands must be enclosed in the crimp. Crimps with strands lying outside the
crimp or broken off before the crimp, are not permitted.

7. Insulation Crimp

a. The purpose of the insulation crimp is to add strain relief to the conductor crimp.

b. The Insutationm Crimp mustcontact the surface of the nsutated cabte imatgast 3
locatigns around the circumference of the Crimp (three point contact).

c. The Insulation Crimp dimensions are reference dimensions.
d. The Insulation Crimp must not interfere with any subsequentoperations.

e. The Insulation Crimp must not interfere with seating of atérminal into a plastic connector
cavity

f. The Insulation Crimp must not damage the cable (see Paragraph 4.3.5-3)
8. Cable Comductor Appearance prior to crimping

a. Strands shall not be cut, missing, excessively nicked (strand area reductionf which may
affect pull-out force), or elongated.

b. Insulation shall not be stuck of imbedded in strands.
9. Individual|Cable Seal
Note: Thig specification:does not include any requirements for seal sliding force due to the

large number of variables. It is necessary that individual cable seals be proper|y seated in
plastic copnectors to/function.

a. The sTal must be firmly secured by the insulation crimp.

b. The seal must show no signs of damage.

c. The end of the seal neck must be visible in the area between the insulation crimp and
the conductor crimp.

d. The cable insulation must be visible under the seal.

12 -
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4.3 Cross-Section Analysis

4.3.1 Purpose

Cross-sectional analysis is used as a diagnostic aid in determining why a crimp passes or fails a
portion of this test. Failure to pass an electrical test may be due to uneven strand dispersion,

inadequate wing closure, voids, wings bottoming out, etc.

4.3.2 Sample Size

At least one sample for each crimp height to be evaluated. Data shall be obtained|and recorded
for minimum, maximum and nominal production crimp heights.

4.3.3 Equipment
Various speciplized equipment exists for cross-sectioning samples.“The choice of equipment is
up to the supplier, but should be capable of sectioning the crimp'with minimal disturbance to the
terminal and ¢able stranding.
4.3.4 Procedure

1. Cross-seqtion and photograph each sample forsanalysis

2. Cross-sedtion analysis shall be performed.on all conductor crimp applications gt each crimp
height setfing (nominal, min. and max, tolerance).

3. Cross-sedtions shall be performed_between the serrations, as near to the mid-pgoint of the
core crimp as possible.

4. Compare fthe samples to the acceptance criteria of paragraph 4.3.5.
Acceptange Criteria

4.3.5 Acceptance Criteria

Acceptance cfiteria for the cross-sectioned samples are described below.

1. Cross-section views of conductor crimp

-13 -
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Conductor crimp attributes considered ideal

Symmetric

Compaction of all strands

Wings touch only conductor

Terminal stock free of cracks / breaks

Core wings "Locked" (No Gap) at top of crimp

Conductorecrimn-attribiitoc concidarad rindacirahln
OO CtoT— STttt ot reaurnatomantc

Overlappin
wings PPing @ Extreme “rapn-horning”

Conductor crimp attributes considered. unacceptable

Open wings with Onejor both wings
conductor exposed or (gripls) penetrate
folded down into core (“crash”) to the

but not touching (not termjnal floor or wall
locked)

One|or both wing
(grip|) details do not
capture strands

No strand
compaction

—\ Terminal stock
cracked / broken

®ne or both wings
olded back

-14 -
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Note: With OEM customer approval, the above attributes listed as unacceptable may be
considered acceptable if it can be shown that all other requirements of this specification are
met and past production experience has shown them to be functional in the intended
application.

2. Burr on the base of crimp

BURR HEIGHT

LOWEST POSITION OF
CRIMP

BLIEE WIDTH
0.1 mm max.

T_

a. The wjdth of any burr on the base of the crimp.must not exceed 0.1mm. (Fgr accurate

crimp height measurement, it is recommended that the burr height does nof exceed the
lowes{ position of the crimp.)

b. The blirr must not cause damage t6-any subsequent operation. Special cafe must be
taken when using mat seals.

3. Cross-sedtion views of insulation crimp

Standard |nsulation crimp-attributes considered ideal

= Sympmetric crimp

= No ipsulation penetration

= Wings (grips) embrace
insulation to provide
adequate strain relief

Some examples of non-standard insulation crimps include "tee-pee” (“tear drop”), "square”,
and "tall B”.

Refer to the terminal manufacturer’'s recommendations for acceptable/unacceptable non-
standard insulation crimp attributes.

-15-
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Insulation crimp attributes considered undesirable

Insulation wings contact
conductor (no damage to
conductor)

Insulation extruded outward
between open insulation
wings

Insulation|crimp attributes considered unacceptable

One or both wings (grips)
penetrate (“crash”) to the
terminal floor or wall

Ong or both wings
(grips) penetrate and
damage the conductor

(;:J m Less than 3-point
i G @ contact
Insulation $plit

|
"':\\. '\1 No contact
I
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4. Cable Seals

Individual cable seal Terminal

No nicks or cuts are
permitted in the seal neck
or in the sealing ribs.
Insulation crimp wings are
not permitted to penetrate
Mo the seal neck.

Strand

Mat Seal Sealing Rib

Crimped terminal and wire attributgls must be designed
to avpid‘damage (such as nicks anfl cuts) to the
sealing ribs when inserting terminated leads through
mat seals.

4.4 Condugtor Crimp Pull-Out Force
441 Purpgse

This procedute details a standard method to measure the retention capability of crimped
connections.

application. Itjwilkenly be used to determine the mechanical limits of the crimp application for
handling purposes

Note: PuII-olforce test will not be used to determine electrical performance of the crimp
t

442 Equipment

1. Measuring device capable of measuring crimp heights and widths.

2. De-crimping tool, or other suitable means of opening insulation crimps without damaging the
cable conductor. (Note: it is acceptable to make the samples with the insulation crimp not
crimped to avoid this step.)

3. Force tester

4. Cable strippers, long-nose pliers and/or side cutters.
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4.4.3 Samples

1.

2.

A minimum of 20 samples is required to be tested for each production crimp he

ight. Data

shall be obtained and recorded for minimum, maximum, and nominal production crimp

heights.

Samples shall be applied to appropriate cable with overall length no less than 1

4.4.4 Procedure

1.

50 mm.

Pull-out fgrce test shall be performed on leads with the insulation crimp wings d
crimped).

Pull-out fgrce test shall be performed on taut leads (i.e., remove slackin cable
performing pull-out test to prevent incorrect test results due to “jerking”).

pen (not

before

Refer to Appendix E, 6-8. Measure and record the conductor erimp and insulation crimp

heights and widths in millimeters for each sample.

If the insulation crimp is not already open, open the insulation crimp with the de
other suitable tool so that the pull-out force will reflect only the conductor crimp

Visually inspect the de-crimped area to ensute that none of the conductor stran
been damaged. Do not use any samples.that have damaged conductor strand

Measure and record pull-out forces in_Newtons for each sample.

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

For doubl
smallest

, triple, or multiple crimp setups with conductor sizes within one step
nductor. (8-g. for a .35/.50 double, pull the .35mm? wire)
For doublg, triple;or multiple crimp setups with conductor sizes more than one
(e.

-crimper or
connection.

ds have
S,

, pull the

step apart,
). for a

one of thg smallest and one of the largest gage size cables must be tested.
.50/1.0d ires indivi '

2.0 mm? wires, for a .50/.50/2.0 triple, pull one of the .50 mm?and the 2.0 mm?
this case, 20 samples per wire size tested will be required.

2 and the
wires.) In
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10. Calculate the mean and standard deviation using the following formulas:

n

XX,

Mean (X) = -2,
n

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

SXinx

Standard Deviation (s) = |[-=

n-1

Report mihimum, maximum, mean ( X ), standard deviation(s), and the mean minus three
standard gleviations ( X -3s) for each crimp height set.

11. Report anly observations from visual examination.

4.4.5 Acceptance Criteria

1. The ( X -3s) value of the pull-out forces are specified in Table 4.4.5. The pull-qut forces for
unlisted cpnductor sizes can be definéd-by linear interpolation, (i.e. read out frgm plotted
values in Table 4.4.5).

APPr(OX- Metric | AWG (X -3s) And Minimum Pull-out Force (N)
mm

0.22 24 40

0.35 22 50 (Annealed Core)

0.35 22 70 (Hard Drawn Core)

0.5 20 75

0.8 18 90

1.0 16 120

1.5 150

2.0 14 180

25 210

3.0 12 240

4.0 265

5.0 10 290

6.0 320

8.0 8 350

Table 4.4.5 — Pull-out Force Requirements
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4.5 Electrical Performance Tests

4.5.1 Current Cycling of Electrical Terminations (ECC)

4.5.1.1 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 (see table 5.1). The Accelerated Environmental Test (paragraph 4.5.2) may be done
in place of thif Test for Power applications. (see table 5.71)

4.51.2 Sanmples

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

2. Test datawill be collected on 10 samples of each crimp height. Data shall be gbtained and
recorded for minimum, maximum and nominal production*crimp heights.

3. In cases where mating terminals are available, apply. these to the opposite endp of the test
sample cgbles. These should be a minimum cut.léngth of 150mm. The termingl crimps on
the mating terminals may be soldered. Samples are then connected to form a pontinuous
series cirquit.

4. Test sample terminals that have no mating terminals should be applied to one ¢nd only of
the test cgble (a minimum cut length.0f" 150 mm). The opposite stripped ends ¢f the
samples gre then soldered to box‘or blade of the next sample to form a continupus series
circuit.

be applieq (with the crimp-soldered) to the other end of the largest size cable. Vhen
identical size cables<are doubled, cables should be randomly tested.

4.5.1.3 Equjpment
1. Powersumwt

2. Cycle timer.

5. Doubles 3hou|d be terminated with the test terminal on one end only. A mating fterminal may

3. Ammeter or current shunt/voltmeter
4. \oltmeter.

5. Voltage sense lead — solid conductor .32 mm or smaller in diameter.
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6. Welder — Tweezer Weld TW-3 or similar device.

7. Terminal test board.

8. Sample with solder added to the conductor crimp (soldered sample).
4.51.4 Procedure

1. Perform a visual inspection of components per paragraph 4.2.

2. Voltage s¢nse leads are attached to the sample terminals per figure 4.5.1.4., The same
location must be used for all samples.

i} B C D
79 +~3mm
=2
|t el {Alternate Sense L' 1~
Point)

MICRO-OHMMETER

(Note: The V + test lead may be connected to back of insulation wjng if
wing doés not touch the core)

Figure 4.5.1.4 — Test Lead Attachment

3. Sense leads are also attached to the test cable at a point 75 £ 3 mm from the rear edge of
the condufctor crimp.

4. Samples are then.eohnected in a series circuit.

5. The samples are then loosely attached to a test board with a minimum of 35mm between
single terminals

6. The series test circuit is connected to the ammeter / current shunt and a timer-controlled
power supply. Include the soldered test sample in the circuit (4.5.1.3-8)
The test duration shall be a minimum of 200 * 8 hours with the test current cycling on for 45
minutes + 2 minutes and off for 15 minutes + 2 minutes.

7. The typical test currents are listed in table 4.5.1.4 unless otherwise specified.
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Cable Size* | AWG Amperes with Cable rated to

0.22mm? 24 6

0.35mm? 22 10
0.5mm? 20 14
0.8mm? 18 18
1.0mm? 16 22
2.0mm? 14 30
3.0mm? 12 40
5.0mm? 10 65
8.0mm? 8 100

*The test currents for conductors sizes not listed above can be defined by linear inferpolation
(i.e. read out from plotted values).

Table 4.5.1.4 Test Current for Current Cycling
8. If test curfents are not known, then, at room temperature;
Attach thgrmocouples to samples at a point on the under-side and just in front ¢f the crimp.
Welding gr epoxy is permissible.
a. Apply0.50 Amps to the circuit.
b. Allow the circuit to come to steady state temperature (At least 10 minutes.)
c. Measyre the temperature, and-calculate the temperature rise.
If the temperature rise is less than the maximum temperature rise recommegnded by the

termin@al supplier or 55°C, whichever is lower, then increase the current in 0.50 Amp
steps pntil that temperature is reached.

9. The currept at which the*maximum temperature rise recommended by the termjnal
manufactyirer or 55°C; whichever is lower, is reached is the test current.

10. An acceptable,alternative to a, b, and ¢ above is to perform the “Maximum Tes{ Current
Capability]’ test identified in USCAR-2.

11. Measure voltage drop after 2 hours £ 1 hour and at the completion of the test (200 hours + 8
hours). The samples should be energized for a minimum of 30 minutes to allow for
temperature stabilization. Measurements are taken between points B & C. (see Figure
4.5.1.4)

12. Measure the voltage drop across the soldered sample.

13. Crimp interface voltage drop is equal to the voltage drop recorded in step 11 less the
soldered sample value measured in step 12.
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14. Record:
a. All voltage drop measurements, and all calculated resistance values.
b. Average, low, and high resistance values for each data set.
c. Description of samples.
d. Conditions of test.
e. Instruments used, the date of last calibration, and when the next calibration is due.
f. Soldered sample resistance value if applicable.
g. Temperature rise on at least one part in the nominal CCH group
h. Obseryations.
4.5.1.5 Acceptance Criteria

1. All sample
specificati
satisfy on
cycling tes

a. Maxim
whichg

b. Allows
(Allow,

Where

s within 3 consecutive crimp heights representing the lower,"nominal

b of the following two acceptance criteria upon completion of the elec
5t (ECC)

jJum allowable resistance = 0.55 milliOhms, 0r.0.011x(p1+p2)/(2d) milli
bver is greater. (Allow 11 times the initial calculated crimp resistance

ble resistance change = 0.33 milliOhms, or 0.0099 x (p1+p2)/(2d) m

p1 = Theresistivity of the conductor in micro-ohm-mm?/mm

(For copper conductor, p4 = 17.2 micro-ohm-mm? mm per the
International.Annealed Copper Standard)

p2 = Theresistivity of the base terminal material in micro-ohm-mm?

d = Thediameter of a circle with the same area as the total cross
area of the conductor in mm.

resistivity of terminal and cable.

9.9 times the initial calculated crimp resistance), whichever is greatgr.

and upper

on limits per the conductor crimp height tolerances of Appendix E, Tgble E-1 must

frical current

Ohms,

jlliohms

mm

Kectional

(p1+p2)/2d = Theoretical Crimp Resistance based upon geomgtry and

c. Refer to Appendix D, Table D-1 and D-2 for the calculated values for typical referenced

alloys.
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4.5.2 Accelerated Environmental Test
4.5.21 Purpose

This procedure describes the testing of electrical components when subjected to sequential
environmental exposure.

4.5.2.2 Samples

| be obtained
and recorded|for minimum, maximum and nominal production crimp helghts Minirnum cable
length for sa

4.5.2.3 Equjpment

Micro-ohmmeter

Humidity ¢hamber.
Forced ai.
Temperature chamber.
An automatic temperature/humidity cycling chamber,may be used as an alternative to items
2, 3, and 4 above.

abrownN =

4.5.2.4 Prog¢edure

Complete the|test procedure per figure 4.5.2:4
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Visual inspection per paragraph 4.2,
and
dry circuit resistance per paragraph 4.5.3,
if specified and applicable.

v

Thermal Shock per paragraph 4.5.5
72 Cycles
30 £ 5 min. at +125° £ 3°C
30 £ 5 min. at—40° + 3°C

Dry circuit resistance per paragraph 4.5.3,
if specified and applicable.

Temperature Humidity per paragraph 4.5.4
4 Cycles
16.hrs £ 5 min. @ 95-98% R.H. @ +65° +3°C

4 hrs £ 5 min. @ +23° + 3°C

2 hrs £ 5 min. @ -40° £ 3°C
2hrs £ 5min. @ +85° + 3°C Humidity not controlled

l

Visual inspection per paragraph 4.2
and
dry circuit resistance per paragraph 4.5.3
if specified and applicable.

Figure 4.5.2.4: Accelerated environmental test sequence [ flow diagram ]
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4.5.2.5 Acceptance Criteria

1. All samples within 3 consecutive crimp heights representing the lower, nominal, and upper
specification limits must satisfy one of the following two acceptance criteria upon completion
of the Accelerated aging test (ENV).

a. Maximum allowable resistance = 0.55 milliOhms, or
0.011x(p1+p2)/(2d) milliOhms, whichever is greater. (Allow 11 times the initial calculated
crimp resistance)

b. AIIowa(taIe resistance change = 0.33 milliOhms, or
0.0099 x (p1+p2)/(2d) milliohms (Allow 9.9 times the initial calculated crimp resistance),
whichever is greater.

Wherg p; = Theresistivity of the conductor in micro-ohm-mm?/mm

(For copper conductor, p1 = 17.2 micro-ohm-mm?mm per the Intefnational

Annealed Copper Standard)

p2 = Theresistivity of the base terminal material in micro-ohm-mm¥mm

d = The diameter of a circle with the same’area as the total cross|sectional
area of the conductor in mm.
(p1+p2)/2d = Theoretical Crimp\Resistance based upon geométry and
resistivity of terminal and cable.

Refer fo Appendix D, Table D-1 and*D-2 for the calculated values for typical referenced
alloys

4.5.3 Dry Cjrcuit Termination Resistance of Static Contacts

4.5.3.1 Purpose

1. This procedure covers.measuring the termination resistance of static contacts dinder dry
circuit corlditions,.which will not alter that resistance by breakdown of insulating films or
softening pf confact asperities.

2. Dry circuif conditions require that the maximum voltage impressed across the test sample
be limited to 20 millivolts, and the maximum current through the sample be limited to 100
milliamperes. Performance at these levels is indicative of interface performance at any
lower level of excitation.
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4.5.3.2 Samples:

1.

4.5.3.3 Equjpment
Micro-ohmmefter

4.5.3.4 Prog¢edure
1.

2.

A minimum of 10 samples of each crimp height shall be submitted for test. Data shall be
obtained and recorded for minimum, maximum and nominal production crimp heights.

A sample length of 150mm is recommended. However, any sample length >75mm is
acceptable as long as there is no effect on the crimp during processing and handling of
samples.

Prepare r¢siStance measurement points on the test samples at a point on the gable 75 +
3mm fron the rear edge of the terminal conductor crimp.

Apply solder to measuring point C, figure 4.5.3.4 (stripped end of wire)4e obtaih consistent
readings.

Perform a|visual inspection of components per paragraph 4.2.

Measurements shall be made on thoroughly dry samples without cleaning or ripsing of
corrosion products.

Relative movement of samples should be minimized to reduce effects of movemment on
measured values.

Measure and record the resistance of a sample with a soldered crimp. The measurement is
made at g point 75+ 3mm-from the rear edge of the terminal conductor crimp.

Measure and recerdthe resistance between the cable measuring point C and point B on the
terminal, just in’frent of the conductor crimp (see Figure 4.5.3.4).

Calculate land record the crimp resistance. The crimp resistance is equal to the overall
resistance measured in step 5, less the soldered sample resistance measured in step 4.
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4.5.3.5 Acceptance Criteria

Maximum Dry Circuit Resistance shall meet the maximum allowable resistance shown in

Appendix D, Table D-1
11 B C D
- §£ ?5 +.-"‘3I'I'II‘I"I 4&

1 =

1 v (Afernate Sense 4] 1
Puoint)

MICRO-OHMMETER

(Note: The V + test lead may be connected toback of insulation wing if
wing does not touch the ceré)

Figure 4.5.3.4: Dry Circuit Measurement Points
4.5.4 Accelprated Temperature / Humidity Cycle Conditioning — 24 hour cycje

4.5.4.1 Purpose

1. This procg¢dure defines an accelerated version of temperature/humidity cycle cpnditioning.

2. Accelerate¢d temperature/humidity cycling conditioning may be used to determine the effect
of sequential exposure to high'humidity and high and low temperature environments on
electrical and electronic cemponents.

3. High and |ow temperature and high humidity environments may promote corrogion of
metals, degrade<properties of other materials, and establish electrical bridging petween
circuits.

4.5.4.2 Samples

Prepare samples per para 4.5.3.2.
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4.5.4.3 Equipment (Recommendations only)
1. Humidity chamber.

2. Forced air oven.

3. Temperature chamber.

4. Automatic temperature/humidity cycling chamber. This equipment may be used as an
alternativg 1o that fiSted i paragrapns 1,2,and 3 above.

4.5.4.4 Proc¢edure
1. Expose test samples to temperature/humidity cycling as follows:

a. 16 hoyrs @ 95-98 percent relative humidity at +65 + 3 °C. This is the only step where
humidjty is controlled.

b. 2hougs @ -40 +3 °C.
C. 2hous@ +85 +3 °C. Humidity not controlled
d. 4houts @ +23 +3 °C.

e. This cpnstitutes one complete temperature/humidity cycle.

f.  Maximum transfer time of samples from one environmental chamber to the jnext during
the defined cycle is 5 minutes.

g. All timg periods listed(in,;the defined cycle have a tolerance of £ 5 minutes

h. Four gycles of thé’environmental exposure described above constitutes a cpmplete
temperature/humidity cycling test.

4.5.4.5 Acceptance Criteria

This is a conditioning procedure only. There are no acceptance criteria.

4.5.5 Test procedure - Thermal Shock Conditioning

4.5.5.1 Purpose

This test specification details the procedure for testing the functional reliability of electrical and
electronic components when subjected to alternating high and low temperature environments.

Rapid transfer between the two environments tests the component’s ability to withstand drastic
temperature changes.
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4.5.5.2 Samples

1. Make certain that the cable insulation can withstand the rigors of the test conditions.
2. Prepare samples per para. 4.5.3.2.

4.5.5.3 Equipment

Thermal shock chamber or separate hot and cold chambers.

4.5.5.4 Prog¢edure

1. Perform vjsual examination per paragraph 4.2.

2. Perform dry circuit resistance, per paragraph 4.5.3.

3. Set contrqls to the necessary temperatures, dwell times, and\number of cycles
4. Allow the chambers sufficient time to achieve the programmed temperature.

5. Place the[samples in the transfer basket. Insure thatthe test samples cannot jgm the
transport mechanism.

6. Start the test program per figure 4.5.5.4.

— |<— H-Miniutes max.

125¢C T

~d0°c 5 Minutes max. o
lett———— 30 Minutes Lom-peit 30 Minutes ——m=
=t 1 Cycle o]

Figure 4.5.5.4: Thermal Shock Programming and Operation
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hstrate the

approval.

cally stable
based on

Cross-

ns where pull

7. When test program is complete, shut off the thermal shock chamber and remove samples.

8. Perform visual examination per paragraph 4.2.

9. Perform dry circuit resistance per paragraph 4.5.3.

10. Include in the report:

e Operating temperatures, dwell times, and number of cycles tested
o Reporf on evaluafion tests, if performed.

4.5.5.5 Acceptance Criteria

1. Samples shall meet the acceptance criteria of the Dry Circuit Test, Para. 4.5.3

2. Samples shall meet the acceptance criteria of the Visual Inspection, Para 4.2.3

5. VALIDAT|ON REQUIREMENTS FOR CRIMPED TERMINALS - SUMMARY

5.1 Validation Test Requirements

5.1.1 The validation requirements listed in Table.5:1 shall be conducted to demo
design intent is met.

5.2 Special|Applications and Exclusions

5.2.1 Special applications and varianges from this specification require customer
Solder, sonic weld, or other.processes that have proven to create an electri
applicgtion may be excluded from some or all of the crimp validation testing
experience and/or solind engineering judgment. Pull-out force testing and
sectiops [ PTX ] are'required for all validations except sonic weld applicatio
test only (PTO).iscacceptable.

5.3 Other GrimpValidation Methods

5.3.1 Reference|R he-application he—same-as—anothe

validated to meet the circuit and/or customer requirements

5.3.2 “Same as" is defined as having the same:

terminal s

the same
the same
the same

tock thickness

material (alloy and temper)

terminal plating
terminal conductor wing dimensions and features [serrations, etc.]
conductor core cross sectional area

lon already

-31-



https://saenorm.com/api/?name=412be7b44b632072dd89b0fbd99cc8c2

SAE/USCAR-21 Revision 1
PERFORMANCE SPECIFICATION FOR CABLE-TO-TERMINAL ELECTRICAL CRIMPS

Revised April 2004

Requirement Design Minimum
Test Paragraph Validation Conformance
Number. (Yes/No) to Tolerance
Cable/Terminal/Crimp Tooling Identification .
traceable to Performgnce Tegting Appendix E Y 100%
Compaction (Verified in production by
Tf-zrmin:_al, able, and crimp tool — Appendix E
dimensions usually controlled by specific 1-2 ' Y 100%
part numiers and traceable to validation
testing.)
Appearange 425
- end of conductor 4.2.5-2 Y 100%
- end of ingulation 4.2.5-3 Y 100%
- cut off 4.2.5-4 Y 100%
- bellmouth 4.2.5-5 Y 100%
- conductof crimp 4.2.5-6 Y 100%
- insulatior] crimp 4.2.5-7 Y 100%
- individual cable seal 4.2:5-9 Y 100%
- terminal hend and twist due to crimping Appendix E N 100%
Crimp gegmetry Appendix E
- Conductc r and insulation crimp height Appendix E, Y {00 %
and width {CCH, CCW, ICH, ICW) 6-8
- cross-segtion requirements 4.3 100%
Mechanical performance
- Pull out force 4.4 Y Meap-3s>Limit
(Final OENI’s quality assurance-approval
form process validation may:be required.)
Electrical performance 4.5
For Power|Applications:
- Electrica testing Current Cycling — (ECC
or accelergted en?/ironmentalytest?ng ((ENV)) 4510r452 Y 100%
For Low Energy Applications:
- Accelerated Environmental testing (ENV) 45.2 Y 100%
For Low Impedance Applications:
Validation should be done on bare copper
wire to optimize crimp parameters
(Production on Tinned Wire is optional)
- Accelerated Environmental testing 4.5.2 Y 100%

Table 5.1 Tests to be used for validation
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5.3.3 Cables with the same conductor core construction, but differences in the insulation may
be considered the “same” for conductor crimp validation purposes. The Insulation Crimp
must be reviewed against the cross section requirements for final validation

5.3.4 Customer Waiver Letter [ CWL ] - The customer has authorized the use of the terminal
crimp as specified in a waiver letter.

5.3.5 Engineering Judgment [ ENJ ] — Engineering Judgment may be used in lieu of validation
testing based upon past experience, knowledge, and/or testing. The basis of this
judgm : ' g accept
applicgtions that have failed crimp validation testing. All cases where Engineering
Judgment is used must be reviewed and approved by the OEM custaomer.
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APPENDIX A: CRIMP DESIGN RECOMMENDATIONS

A. Recommended Terminal Wing/Cable Loading for new terminal designs or revisions to meet
the performance requirements of this specification is shown in Table A.

Terminal Wing/Cable
Loading Ranges
Cable SAE |DIN
0.20-0.22 X X
035-050 X X
0.75-1.25 X X
1.5-2.5 X
2.0-3.0 X
4.0-6.0 X X

Table A-1: Recommended Wing/Cable Loading
B. Crimp Engineering Guidelines

The following guidelines are intended only to assistin passing the requirements of
this specification and are based upon previous experience from terminal suppligrs:

1. The tdrminal supplier determines double application terminals.

2. Core Wwings that have features to break oxides and minimize cable strand mjovement will
give bgtter electrical results. Sharp cornered serrations are preferred.

3. Tin or|silver plating is the optimum design for 10 year/150K life. Use caution when
specifying nickel, stainlgss-steel or gold in core wings since use of these materials may
result jn high crimp resistance. The design should provide for adequate freg tin at end of
life. l\IckeI plated high temperature wire also may not pass this electrical tgsting and
may require spegific changes in acceptance criteria based upon circuit application
sensitjvity (i.ex0Os sensor circuits)

4. Optimpm 10 year/150K life is obtained with similar alloys, tempers used for|spring
memblers—and-contact-arms—Fhis-maintains-crimp-wing-normal-force-with-time and
temperature. It also provides strength to resist crimp wing relaxation due to movement
and stresses applied during vehicle life.

5. Wing blank width should be designed to provide for uniform strand dispersion for the
gauge size recommended. This is necessary for optimum electrical strand contact,
pulls, and nuisance free use of crimp force process monitors.

6. Crimp electrical performance should be done separately from connector testing. This is
done so that a low and stable milli-ohm acceptance criteria can detect the loss of strand
contacts in the crimp. Crimps that meet this criteria must then be able to pass USCAR
tests in connectors.
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7. Pull testing must only be used to determine mechanical strength. The pull specification
must not be too high resulting in over compaction and poor electrical results. Usually the
best electrical performance is on the tight side of the pull vs. crimp height curve (ref.
Figure A-1). Insulation wings/grips must be designed to minimize insulation penetration
and provide for optimum crimp processability.

8. The preferred insulation crimp geometry is the traditional “F” or “B” crimp. Overlapping,
diagonal cut bypassing wings, or butting wings may be used, but may be sensitive to
crimp processing conditions. It is usually best to tool specific grip wings for heavy-wall,
regular-wall, thin-wall and/or Extra Thin Wall insulations.

9. Whereg possible, grip wings should be designed for European, US, and/or Asian cable
constructions.

10. A typi¢al mechanical/electrical vs. crimp height curve is shown in-Figure A-1.

i N Pull

(Min)

Pull (Newtons)
Resistance (MillOhms)

=)
S
o

-10 -05 Nominal +05 +.10 +15

Core Crimp Height

Figure A1
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C. Crimp Validation Analysis and Decision Tree

YeNo

Is the other application
validated based on the
appropriate testing? (see table
51)

Receive Crimp
Validation Request

Is the terminal/wire

"Same As" means the terminal stock thickness,
terminal material, the terminal plating, the
conductor crimp wing dimensions (wing length,
wing width), conductor crimp wing features

(serrations, knurls, etc.) , the

conductor cross

sectional area, and the conductor base material
and plating are all the same as another application.
The same crimp tool internal dimensions must be
able to be used.

combination (the application)

the same as another already
validated application?

Validate based on
reference
validation ("REF")

|p the other application
alidated based on the
apprppriate testing? (see table

5.1)

Validate based on
reference
validation ("ENJ")

In order far an apnlication ta

e "similar to" another

application, the differencesyin |
and materials mentioned aboy|
testing applies. For example,
crimped to a tin plated brass te
at least as well as_unplated cop
the same tin plated/erminal. Th
conductop-wire would apply
applicati

he dimensions, features,
P must be such that any
tinned conductor cable
Iminal will always function
per conductor crimped to
erefore, testing on copper
0 a tinned conductor

n.

s the application similar to
another already validated
application?

Test as appropriate:

A,

see table 5.1

Redesign the
crimp and/or the
terminal as
appropriate

=
Yes

Can the crimp and/or the
terminal be redesigned to
improve the test results?

“

No

Reject the validation (do
not validate). Replace
the application with
another that will pass the
test.

Is it necessary to use the
application, and is it
acceptable for the specific
vehicle requirements?

Does the testing
pass?

Yes

v

Document
validation
("ECC" or "ENV")

Does the customer
agree and approve the
application?

Yes
v

Validate based on
documented
customer approval
letter ("CWL")
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