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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 Authorized Person is the final authority as to what tests are to be performed on his or her parts and for what purpose
these tests are required. He or she is also the final authority for resolving any questions related to testing to this
specification and to authorizing any deviations to the equipment or procedures contained in this specification. Any such

deviation must be documented and included in the final test report.

Note: This specifi
compacted, or soli
if this specification

Grip applications v
terminal supplier h
information or mak
the wiring supplier
an acceptable crim
harness supplier.

defined by this spe

New or revised terr

All grip applications
department.

Electrical tests in th
the requirements ir
Power Current Cyc
quality, inadequate|
SAE/USCAR-2 ang
largest wire size. T

This specification defines basic test methods and requirements for solder-less crimped connec

tion was developed for use with stranded automotive copper wife."Wire ty

s applicable.

s the primary responsibility for testing and selection*of crimp tooling and to

p as defined by this document, the responsibility for testing to this specificat
Setting approval from the customer with appropriate test data showing that
cification also lies with the wiring harness supplier.

hinals shall be designed to meet this specification.

shall meet this specification;Deviations must be approved by the custome
is specification have-been proven by past experience to ensure that crimpe
SAE/USCAR-2 and"SAE/USCAR-20 by including Thermal Shock, Temper4
ing. Testing ahd-electrical acceptance criteria will detect defects in crimp tq

strand distribution in the grip, or cable stranding. Grip applications that hayj

herefore;-grips within the production crimp height range may not necessarily

core construction or other core materials (clad, steel core, et¢)-need to be

lidated to this specification supersede any crimp information on the comp

b crimp tooling available to the wiring assembly supplier actually doing the p
Heviates from this information, the information is ‘not available, or the informLtion does not produce

ions.

pes using compressed,
reviewed to determine

pnent prints. The
supply detailed crimp
roduction crimping. If

on lies with the wiring
e grip will function as

engineering

H connections will meet
ture Humidity, and
oling geometry, plating
e passed

SAE/USCAR-20 normally have only passed the nominal crimp height and yisually only with the

pass this test.
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6.

Procedures included within this specification are intended to cover performance testing and development of electrical

terminal grips 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.

well as eyelet or battery terminals.

1.1

111

Crimping Parameters

The Crimped connection performance is characterized by:

Mechanical performang
Electrical performance

1.1.2 The geometry

Conductor crimp heigh
Conductor crimp width
Insulation crimp height
Insulation crimp width
Cut-off

End of conductor

End of insulation
Bellmouth (flare)

Burr (anvil flash) dimen
Step between the core
Crimp tooling geometny

2. REFERENCED DC

H ol ok H L4 2l 4 Dl Ot
T IS TTICAasSUrCTUu Uy 1TTiimiar tU CUTTUULIUT T Uinm=uUut 1 UTUT.

s measured by terminal-to-conductor Resistance and or Voltage Drop.
of a conductor crimp is characterized by:

(CCH)

CCW)

(ICH)
ICW)

sion on the base of the conductor grip
and insulation tools

CUMENTS

SAE/USCAR-2 Perfornpance Specification for Autamotive Electrical Connector Systems

SAE/USCAR-20 Field
2.1 Document Hierarg

To claim conformance
be traceable to a passs

Correlated Life Test Supplement to SAE/USCAR-2

hy

o this specification, the tooling and process settings used to crimp a termin
d USCAR-21 test using the same settings. The tooling and process used t

Therefore, the settings

very likely to be diﬁererﬁt

than what is listed on a terminal drawing or process sheet developed per
raceable to USCAR-21 must supersede all documentation to the contrary (

information on the part|dfawings) in order to claim compliance.

These procedures are applicable to terminals used for in-line, header, edge board, and device connector systems as

meet USCAR-21 are
nother specification.
ncluding crimp

Illwire application must
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In the event there is a conflict between performance specification, part drawings, and other related standards or
specifications, it first must meet the SCOPE 1.0 in paragraph 2 otherwise the requirements shall be prioritized as follows.

15 Applicable FMVSS

requirements and other applicable state and Federal requirements.

2" Applicable part drawings

31 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

2.2 Test Request/Order

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

2.3 Materials and P

Suppliers are expecteq
any associated drawing
Unless otherwise spec|
drawings, reference do

—Fype-and-Speecial-Fests

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

ocesses Specifications

to adhere to the appropriate Materials and Process that are referenced i
s and reference documents.

fied or required by law, suppliers are expected‘{o use the most recent ver
cuments, and standards.

2.4 Other Referenced Documents

SAE J1128: Low T
SAE J1127: Batter
JISC 3406: Low Td
ISO/DIN 6722 Low
AIAG: Measureme

bnsion Primary Cable
Cable
nsion Primary Cable
Tension Primary Cable
nt Systems Analysis Réference Manual

3.

3.1

SAE/USCAR-2 Pefformance Specification for Automotive Electrical Connector Systems
SAE/USCAR-20 Figld Correlated Life Test Supplement to SAE/USCAR-2

GENERAL REQUIREMENTS

Record Retentign

The supplier shall maintai’a central file for the storage of laboratory reports and calibration record

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

h this specification and

sions of any applicable

5. Such record storage

must be in accordance

with established ISO and AIAG policies and practices.
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3.2 Sample Documentation

All test samples shall be identified in accordance with the requirements of ISO and the AIAG PPAP.

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. It is permissible to include additional groups of crimp heights to insure
there at least 3 consecutive crimp heights (nominal and +/- 1 crimp height tolerance) will meet the requirements. Any
alternative sample sizefardformethodotogies mustbeapproved-by theAuthorized Persorm:

3.4 Default Test Tolerances

Default Tolerances, expressed as a percentage of the nominal value unless otherwise indicated:

A. Temperature = +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 specific test conditions are not given either in the product design specification, the test request/order or elsewhere
in this specification, thg following basic conditions_shall apply:

A. Room Temperaturg = 23+5°C
B. Relative Humidity = Ambient
C. Voltage = 14.0x0.1VDC

3.6 Equipment

Neither the list shown ip Tables3:6, nor the list in each test section is all-inclusive. It is meant to higllight specialized
equipment or devices With patticular accuracy requirements. Many other items of customary laboratory equipment and
supplies will also be retFuired.
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DESCRIPTI

ON

REQUIREMENTS

(Regulated)

DC Power Supply

= 0-20V ...200A or
= 0~20V current sized as required.

Micro-ohmmeter

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

(DMM)

Digital Multimeter

Capable of measuring the following:

= .001 - 50 Volts DC with an accuracy of 0.5% of full scale

= 0-10 MegOhms with an accuracy of 0.5% of full scale

Current Shunts

100 mA or as required with accuracy of + 1% of nominal

Chamber

Millivolt Meter GCapable—efmeasuring—0-100—mV—DBC—an—aeeuracy—-of 0.5 mV or
better

Thermocouples Type "J" or "T" as required

Force Testqr 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 shpck Chamber

Forced Air Qven =+85 13 °C

Temperature Chamber =-40 +/- 3°C

Temperature/Humidity =095 to 98% RH at +65 +/- 3°C

Note: Use of equipmen
met. The equipment ra
remain within the speci
specified as 0-50 volts,

3.7 Test Order and

Diagrams are provideg
must be performed in

Set-Up

t with a lesser range is acceptable for specific tests where the required rang
nge specified does not preclude use of\equipment with a larger range, but th
fied tolerance. For example, a DMM, with a range of 0-100 volts could be su
with the provision that the accuracy could be maintained as 0.25 mV or betfer.

Table 3.6 - Equipment

where necessary“to clarify the details of the various test procedures. Th
the order given unless otherwise specified in the test request/order. (

selected test fixtures and equipment are provided in each section.

3.8 Definitions and

Terms defined in the ¢

Glossary of Terms

definitions is provided in Appendix B. A glossary of terms is provided in Appendix C.

e for that test can be
e accuracy must
pstituted for one

b tests in each section
onstruction details for

e, PLR, etc.). A list of
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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 equipment used for test sample evaluation shall be calibrated and maintained according to the applicable standards
and requirements set forth by 1ISO and the AIAG publication Measurement Systems Analysis Reference Manual. Copies

of this Manual can be obtained from the AIAG by callmg (248) 358 3570 or wrltlng to AIAG, Dept 77839, Post Office Box

77000, Detroit, Ml 48
Docu

www.aiag.org .
specification.

A list of instruments an
included in each test re

H equipment used, date of the last calibration, and when the next calibration
port.

3.1 Conformance [Determination

Test conformance shall be determined by the performance requirements ‘of the test being condu
satisfy the performanc¢ requirements regardless of sample age, test cycles, or test temperature,
failure is specified.
Note: Additional samp
crimp height for a giver
tolerance) must meet t

e groups with alternate crimp heights may. be’tested to help determine thg

e requirements but all groups tested nged not pass.
4. TEST & ACCEPTANCE REQUIREMENTS

4.1 General Testing Requirements

The test procedures thpt follow were written as stand-alone tests and may be used as such. How
used in a sequential tegst format and commen“sense is required to overcome any redundancies in
in procedures. For exgmple, if samples have already been prepared for the preceding test in a
obvious that the sample preparation_step for that individual test (included so that test can be used
should be skipped. Should any conflicts or questions arise concerning procedures and/or req
Authorized Person. ny test(plan approved by the Authorized Person that shows compli
performance requiremgnts with-test data is acceptable.

Note: In this specification,-the test requirement for termlnals crimped on wire >5mm? has changed

at the AIAG web site,

{1 of this SAE/USCAR

is due is to be

cted. All samples must
except where a test to

nominal and min/max

terminal/wire combination. Three consecutive crimp height groups (Nominal, +1 tolerance, and —1

ever, they are normally
sample preparation or
sequence, it should be
as a stand alone test)
Lirements, contact the
ance to the minimum

from 4.5.2 (ENV) using

4.5.3 Dry Circuit resist

Note:

Previously validated high current terminations that meet the Acceptance Criteria 4.5.6.

od.

5 may be considered

compliant even if a different test method was used to establish those values. All new applications must be validated to the

latest revision level of this specification.
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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).

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 part may be submitted for test.

HEP~P~ K7 + + chbaould = | ffiad by A =< 1 t ' | A WIP-¥ lat
2. The samples submgtted-fertest-shoud-beidentified-by-deseriptionpartrumber-andrevisiongtter.

3. For validation testing, all parts are to be in their "as furnished for vehicle assembly" condition when testing begins. For
example, electrical|terminals typically have residual die lubricant on them when finally @ssembled into a vehicle. This
same condition mupt prevail for test samples.

4. Samples submitted for any test shall be prepared per Appendix E.
4.2 Visual Inspectign
421 Purpose
This test is used to document the physical appearance of test samples and to assist in the evaluation of the effects of
environmental conditiohing on test samples. A comparison can, then be made with other test samples. Examinations in
most cases can be acfomplished by a person with normal, of corrected vision, and normal colof sensitivity, under cool
white fluorescent lighting. Photographs and/or videos are encouraged as a more complete means$ of documentation. An
appropriately identified untested sample from each test'group must be retained for post-test ghysical comparisons if
photographs/video’s arg not taken.

4.2.2 Samples

1. The samples should conform to the reguitements of the specified conditioning and any additiorfal measurements that
are to be performedl.

2. For purposes of comparison and ‘especially when only subtle appearance changes are anticipated, it is desirable to
submit an additional sample toyserve as a control.

4.2.3 Equipment

Video/photography equipfrent
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4.2.4 Procedure

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.

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. The Authorized Person will need to provide an
additional sample for this purpose.

3. If the terminal supptie then the terminal

supplier specificatipns should be applied.
4. Return test samplep to requestor after all tests are completed and all necessary data have beep obtained.
4.2.5 Acceptance Cyiteria
1. General Appearan¢e — Refer to Figure 4.2.5. The crimping operation should, net affect the conjact, locking, connector

mating, or insertior| functions of the terminal. These characteristics are verified as part of USCAR -2 testing.

INSULATION CRIMPWIDTH (1S )

CONDUCTIR CRIMP WD TH (G CWNY
™ MEILATION

" CRIMP
=

| C ABLE
END OF CONDUCTOR END OF

CONDUBTOR CRIME IN SULATION
CONDUC TOR STRAHD S

BELUMO U
FROMT REAFR

—

COMDUCTOR CRIMP HEIZHT(C CH) )._ CUT-OFF

INSULATON CRIMP HEIE HTCIC H)

Figure 4.2.5: Appearance Acceptance Criteria
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2. End of conductor

The end of conductor must extend beyond the front edge of the conductor grip. 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 of the insulation must be visible in the window between the conductor grip wings and the insulation grip

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

4. Cut-off

a. The cut-off length shall not exceed 0.5 mm or 2 terminal stock thickness, whichever is gregter, unless otherwise
specified on th¢ component print.

b. The burr on theg cut-off must not exceed 0.3 mm on terminal stock thickness.<0.8 mm unlegs otherwise specified
on the compongnt print. The burr must not exceed 0.6 mm on > 0.8 mm,stock thickness unpless otherwise
specified on th¢ component print.

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

5. Bellmouth (Flare)

Single Stage Conductor Crimp

Theeonductor crimp (d.) shall produce a bellfnouth
Bellmouth|(Flare) {ftare) on the side of the grip nearest the insulation
crimp.
is required here.

The conductor crimp may also have a bellmopith
(flare) on the front edge of the conductor crimp,
nearest the terminal body.

Bellmouth (flare) on the insulation crimp (e.) g§hould
not exceed the insulation crimp tolerances.

Two Stage Conductor Crimp

Bellmouth (flare) not required on
second stage.
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6. Conductor Grip

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

7. Insulation Grip

a.

8. Cable Conductor A

a.

b.
9. Individual Cable Sq
Note: This specifid
variables. Itis nec

a.

b.

The purpose of an insulation grip is to add strain relief to the crimped conductor. This moves the stress riser
between the crimped and un-crimped wire strands out into the un-crimped portion of the wire core.

The crimped Insulation grip must contact the surface of the insulated cable in at least 3 locations around the
circumference of the cable (three point contact). Total contact is also acceptable.

The crimped In
The crimped In
The crimped In

The crimped in

Strands shall n
elongated.

Insulation shall

The seal must
The seal must

Seal designs W
insulation and

The cable insu

sulation grip dimensions are reference dimensions.

sulation grip must not interfere with any subsequent operations.

sulation grip must not interfere with seating of a terminal into a plastic conne
Sulation grip must not damage the cable (see Paragraph-4.3:5-3)
ppearance prior to crimping

bt be cut, missing, excessively nicked (strand area reduction which may affe

not be stuck or imbedded in strands.
al Grip.

pssary that individual cable seals be properly seated in plastic connectors tg
be firmly secured by the insulation grip.
show no signs of damage.

ith a neck and~or hub must have the end of the seal neck or hub visible in tH
he conductor grips.

ation“must be visible under the seal.

ctor cavity

ct pull-out force), or

ation does not include any requirements for seal sliding force due to the large number of

function.

e area between the
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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 grip 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 specimen for each crimp height shall be evaluated. Data shall be obtained and recorded for minimum,
maximum and nominal production crimp heights.

4.3.3 Equipment

Various specialized eqxipment exists for cross-sectioning samples. The choice of equipmehtiis uplto the supplier, but
should be capable of sg¢ctioning the grip with minimal disturbance to the terminal and cablée-stranding.

4.3.4 Procedure
1. Cross-section and photograph each specimen for analysis

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

3. Cross-sections shdll be performed between the serrations, as hear to the mid-point of the core|grip as possible.
4. Compare the specimens to paragraph 4.3.5, Acceptance, Criteria
4.3.5 Acceptance Criteria

Acceptance criteria for the cross-sectioned samples are described as follows:
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1. Cross-section views of crimped conductor grips

Crimped Conductor Grip 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

crimped Lonductor Grip attributes considered acceptable but not ideal.

Overlapping

wings Extreme,‘ram-horning

&

Crimped Conductor grip attributes considered unacceptable

One or both wings
(grips) penefrate
(“crash”) to the
terminal floof or wall

Open wings with
conductor exposed or
folded down into core
but not touching (not
locked)

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

No strand
compaction®

Terminal stock

cracked / broken One or bpth
wings folfed
back

BBE

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.

* Round strands in core grip are never acceptable.
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2. Burr on the base of grip

a. The width of an
thickness the W
is recommends

b. The burr must
seals.

3. Cross-section view]

Standard insulatior]

Some examples of

Refer to the termin
attributes.

Note: Some insula

BURR HEIGHT

BLEE "WIDTH

LOWEST POSITION OF

GRIP

0

0.1 mm max.

5 of insulation crimp

grip attributes considered ideal

» o«

non-standard.insulation grips include “tee-pee”, “tear drop”, “square”, or “tall B”.

y burr on the base of the grip must not exceed 0.1 mm for £.8 thick;terminal stock or >.8 stock
idth of the burr must not exceed .15X stock thickness. (For accurate crimp
d that the burr height does not exceed the lowest position of the grip)

height measurement, it

not cause damage to any subsequent operation. Special/care must be takeh when using mat

Symmetric crimp

No

Wings (grips) embrace
insylation to provide
adgquate strain relief

nsulation penetration

bl manufacturer's recommendations for acceptable/unacceptable non-stand

iormgrips serve as a functional part of the terminal/cavity retention system.

brd insulation grip
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Crimped insulation grip attributes considered acceptable but not ideal.

Insulation wings contact
conductor (no damage
to conductor)

Insulation extruded
outward between open
insulation wings

Less than
3-point contact

Crimped insulation|grip attributes considered unacceptable

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

I =

One or both wings
penetrate and

damage the
conductor*

i

Insulation Split

*Damage is defined as|severing strand(s)

No contact
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4. Cable Seals

Individual cable
seal

Mat Seal Sealin

4.4 Conductor Grip
441 Purpose

This procedure details
Note: Pull-out force te
used for mechanical gr|
purposes. Applications
vehicle assembly proce

442 Equipment

Terminal

Insulation grip

lnsulator

No nicks or cuts are
permitted in the seal neck
or in the sealing ribs.

not permitted to penetrate
into the seal neck.

wings are

Strand

g Rib

to avoid damage (s@c¢h“as nicks and cuts) t
sealing ribs wherninserting terminated lead
mat seals.

Crimped terminal and-wire attributes must e designed

b the
5 through

Pull-Out Force

h standard method toymeasure the retention capability of crimped connectio
5t will not be used to determine overall performance of the crimped grip app

may require additional protection to assure the crimped circuit survives the
SS.

hS.
ication. It is intended to be

p evaluation only: It will only be used to determine the mechanical limits of the application for handling

harness handling and

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

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

3. Force tester

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

1.

A minimum of 20 samples is required to be tested for each production crimp height (3 crimp heights minimum).
Additional conductor crimp heights may be included in the tests to help determine the nominal and +/- crimp heights.
See 4.4 .4, step 9: Additional samples may be required for grips with multiple wires of various sizes.

Note: Crimped samples may be used for electrical testing prior to tensile testing.
Note: Dimensional data shall be obtained, recorded and included in the test report. Measure the conductor crimp height
on all specimens under test. Measure conductor crimp width and insulation crimp height and width on 5 specimens
(minimum) from each conductor crimp height sample group.

4.4.4 Procedure

1.

2.

10. Calculate the meari

Pull-out force test s

Pull-out force test s
prevent incorrect te

Measure and recor
Appendix E, 6-8.

If the insulation grif

reflect only the crimpped conductor grip connection.

Visually inspect thq
any samples that h

Measure and recor

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

For double, triple, ¢
for a .35/.50 double

For double, triple, ¢
one of the largest ¢
.50/1 0/2 0 triple, p
2.0 mm? wires.) In

hall be performed on taut leads (i.e., remove slack in cable before performir
st results due to “jerking”).

d the conductor and insulation crimp heights and widths in millimeters for eg
is not already open, open it with a de-crimper or other, suitable tool so that
de-crimped area to ensure that none of the conductor strands have been d

ave damaged conductor strands.

d pull-out forces in Newtons for each sample.

, pull the .35 mm* wire)

r multiple wire gripsetups with conductor sizes more than one step apart, o
age size cables must be tested (e.g. for a .50/1.0 double, pull both wires in
Il the .50 mm?and the 2.0 mm? wires, for a .50/.50/2.0 triple, pull one of the
this case, 20:samples per wire size tested will be required.

and standard deviation using the following formulas:

hattbeperformed o teads with the msutation grip wings opemn (ot Crimpeqg).

g pull-out test to

ch sample. Refer to

he pull-out force will

pmaged. Do not use

r multiple wire gri setups with-conductor sizes within one step, pull the smallest conductor. (e.g.

he of the smallest and
:tlwdually, for a
.50 mm? and the
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22X
Mean (X) ==
n

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

SX -y

Standard Deviation (s) = 1/-=

n—1

Report minimum, n||aximum, mean ( X ), standard deviation (s), and the mean minus three stafidard deviations

(X -3s) for each ciimp height set.
11. Report any observations from visual examination.
4.4.5 Acceptance Cyiteria
1. The (X -3s) value pf the pull-out forces are specified in Table 4.4.5. The pull-out forces for unlisted conductor sizes
can be defined by ljnear interpolation, (i.e. read out from plotted values_in Table 4.4.5). Note: The tensile value
requirement on wirg sizes > 10 mm?is minimum value only and does_not require pull to failure.
App?cr’:l(mlgl)etrlc AWG® (X -3s)’And Minimum Pull-out Force (N)
<022 <24 40"
0.35 22 50 (Annealed Core)
0.35 22 70 (Hard Drawn Core)
0p 20 75
0B 18 90
10 16 120
16 150
20 14 180
25 210
30 12 240
40 265
50 10 290
6 320
8.0 8 350
10.0 450
>10 600"

Table 4.4.5 — Pull-out Force Requirements
@ < js intended to indicate smaller wire size (Larger number designation)
® Or as defined by responsible person.
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4.5 Electrical Performance Tests

4.51

4511 Purpose

Current Cycling of Electrical Terminations (ECC)

Current cycling is an accelerated aging test that emphasizes the effect of expansion and contraction of terminal interfaces
and conductor grips as a result of thermal cycling. This test is optional (See table 5.1). The Accelerated Environmental

Test (paragraph 4.5.2)

4.51.2 Samples

1. Any engineering d

“Power” applicatior]

2. Test data will be cd
maximum and nom
3. In cases where ma
should be a minimy
are then connected
4. Test sample termin
cut length of 150 m
sample to form a ¢
5. Doubles should be
soldered) to the oth
randomly tested.
4.51.3 Equipment
1. Power supply — AG
2. Cycle timer.
3. Ammeter or curren
4. Voltmeter.
5. Voltage sense lead

may be done in place of this test for Power applications. (See table 5.1)

1 4 bk ol ' 4 H 1 i 1 Lesbla ok ol el
VCIUPITITITTL, PTUULYPUT, Ul JTUOUULLUTT ITTTTITNAlr = pdrucuidiTy tUiuot T Iucu 14

s — may be submitted for test.

llected on 10 samples of each crimp height. Data shall be obtained-and reg
inal production crimp heights.

ling terminals are available, apply these to the opposite ends\of the test sa
m cut length of 150 mm. The terminal grips on the mating terminals may b
to form a continuous series circuit.

als that have no mating terminals should be applied-to one end only of the t
m). The opposite stripped ends of the samples are then soldered to box or
bntinuous series circuit.

terminated with the test terminal on ong end only. A mating terminal may bg
er end of the largest size cable. Whehntidentical size cables are doubled, ca

or DC current regulated capable of supplying the test current.

shunt/voltmeter

r high current or

orded for minimum,

ple cables. These
soldered. Samples

bst cable (a minimum
blade of the next

applied (with the grip
bles should be

<s0lid 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 grip (soldered sample/deduct sample).
4514 Procedure

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

2. Voltage sense leads are attached to the sample terminals per figure 4.5.1.4. The same location must be used for all

samples.
1] | B C D
75 +~3Imm 4)“' l
=K}

1t Val {Alternate Sense W 1~
Point)

MICRO-OHMMETER

(Note: The V + test lead may be connected to back of insulation wing if

wing does not touch the core)

Figure 4.5.1.4 — Test Lead Attachment

3. Sense leads are al$o attached to the test cable.at a point 75 £ 3 mm from the rear edge of the gonductor grip.

4. Samples are then gonnected in a series circuit:

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

6. The series test circpit is connected\to the ammeter / current shunt and a timer-controlled power supply. Include the
soldered test sample (4.5.1.3-8)'in the circuit. The test duration shall be a minimum of 200 + 8hours with the test

current cycling on fpr 45 minutes + 2 minutes and off for 15 minutes + 2 minutes.

7. The typical test curfents-are listed in table 4.5.1.4 unless otherwise specified.
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Cable Size* | AWG | Amperes with Cable rated to +55°C

0.05 mm? 30 1

0.08 mm? 28 2

0.13 mm? 26 4

0.22 mm? 24 6

0.35 mm? 22 10
0.5 mm?2 20 14
0.8 mm?2 18 18
1.0 mm? 16 22
2.0 mm* 14 a0
3.0 mm? 12 40
5.0 mm? 10 65
8.0 mm?2 8 100

*The test currents for c
values).

10.

11.

12.

13.

If test currents are
Attach thermocoup|
or epoxy is permisg
a. Apply 75% of t

b. Allow the circu

under test changes less than 2° C in 5 minutes;

c. Measure the t¢
If the temperat
whichever is lo

The current at whid
is lower, is reached

An acceptable alte
USCAR-2.

bnductors sizes not listed above can be defined by linear interpolation (i.e. r
Table 4.5.1.4 Test Current for CurrentCycling

hot known, then, at room temperature:

es to samples at a point on the under-side and just in front of the crimped ¢
ible.

he estimated current to the circuit.

t to come to steady state temperature. The temperature is stable when the ¢
mperature, and calculate the temperature rise.
ire rise is less than theimaximum temperature rise recommended by the ter

wer, then increase the'current in 0.50 Amp steps until that temperature is re

h the maximum.témperature rise recommended by the terminal manufactur
is the test current.

native ta a, b, and c above is to perform the “Maximum Test Current Capab

pad out from plotted

bnductor grip. Welding

rip on the sample

minal supplier or 55°C,
hched.

pr or 55°C, whichever

lity” test identified in

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)

Measure the voltage drop across the soldered sample.

Conductor grip/wire voltage drop is equal to the voltage drop recorded in step 11 less the soldered sample value

measured in step 1

2.
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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. Observations.

4.5.1.5 Acceptance Criteria

1.

All samples within
conductor crimp hdight tolerances of Appendix E, Table E-1 must satisfy one of the following t\
upon completion of the electrical current cycling test (ECC)

a.

b.

C.

Maximum allowable resistance = Per table 4.5.6.5 or 0.011x(p++p2)/(2d) milliOhms, whiche
11 times the in

Allowable resistance Change = Per table 4.5.6.5 or 0.0099 x (p1+p2)/(2d) milliohms, which
9.9 times thei

Where p;

P2

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

The resistivity of the conductor in micro-ohm-mm=3%mm

The resistivity of the base terminal material in micro-ohm-mm>2/mm

The diameter of a circle with'the same area as the total cross sectional

B consecutive crimp heights representing the lower, nominal, and upper spe

tial calculated crimp resistance)

hitial calculated crimp resistance)

For copper conductor, p1 = 17.2 micro-ohm-mm?/mm per the
nternational Annealed Copper Standard)

area of the conductor in mm:
p1+p2)/2d = TheoreticahCrimp Resistance based upon geometry and
esistivity of terminal"and cable.

cification limits per the
0 acceptance criteria

ver is greater. (Allows

pver is greater. (Allows

ys.
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4.5.2 Accelerated Environmental Exposure Test

4521 Purpose

This procedure describes the testing of electrical components when subjected to sequential environmental exposure.
4.5.2.2 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

Humidity chamber.
Forced air.

Temperature champer.
An automatic tempgrature/humidity cycling chamber may be used as an alternative t0items 2, B, and 4 above.

PN~

45.24 Procedure

Complete the test procedure per figure 4.5.2.4 (Flow diagram)
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Visual inspection per section 4.2
and
Dry circuit resistance per sectlon 453
for wire size <5 mm?
or
Voltage drop per sectlon 456
for wire size>5 mm?

|

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

A\ 4

Dry circuit resistance per sectlon 4:5.3
for wire size < 5 mm?
or
Voltage drop per sectlon 4.5.6
for wire size>5.fm?

Temperature Humidity per section 4.5.4
4 Cycles

16'hrs + 5 min. @ 95-98% R.H. @ +65° +3°C

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

4 hrs £ 5 min. @ +23° £ 3°C

lled

l

Dry circuit resistance per sectlon 453
for wire size <5 mm?
or

\Icll-nnn drop-barcaction /1 |~

Oy T UTropPPTToTTuomT T 0T

for wire size > 5 mm2
and
Visual inspection per section 4.2

Figure 4.5.2.4: Accelerated environmental test sequence [ flow diagram ]

*optional
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4.5.3 Dry Circuit Termination Resistance of Static Contacts

4.5.3.1 Purpose

1.

not alter that resistance by breakdown of insulating films or softening of contact asperities.

This procedure covers measuring the termination resistance of static contacts under dry circuit conditions, which will

Dry circuit 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.
Note: For dry circuit evaluation on grips containing multiple wires, perform the resistance measurement on the smallest

wire in the grip.

453.2 Samples:

1. A minimum of 10 s
minimum, maximur
to be used as the d

no effect on the crifnped grip during processing and handling of samples{The same length sha

2. A sample length of
samples under tesf
3. Prepare resistance
the terminal condu
4. Apply solder to me
453.3 Equipment

Micro-ohmmeter
4.5.3.4 Procedure
1. Perform a visual in

2. Measurements sha

3. Relative movemen

h and nominal production crimp heights. Prepare at least 1 additienal sampl
educt sample in 4.5.3.4 — 4.

150 mm is recommended. However, any sample length>75 mm is accept3
as well as for the deduct sample.

measurement points on the test samples at a point on the cable 75 + 3 mm
Ctor grip.

bsuring point C, figure 4.5.3.4 (stripped-eénd of wire) to obtain consistent rea

spection of components per paragraph 4.2.
Il be made on thoroughly dry samples without cleaning or rinsing of corrosio

of samples should be minimized to reduce effects of movement on measuri

bmples of each crimp height shall be submitted for test. Data shall be ‘6btained and recorded for

b of each crimp height

ble as long as there is
| be used for all

from the rear edge of

jings.

n products.

ed values.
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4. Measure and record the resistance of a sample with a soldered grip. The measurement is made at a point 75+ 3 mm
from the rear edge of the terminal conductor grip.

5. Measure and record the resistance between the cable measuring point C and point B on the terminal, just in front of
the conductor grip (see Figure 4.5.3.4).

6. Calculate and record the crimped grip resistance. The crimped grip resistance is equal to the overall resistance
measured in step 5, less the soldered sample resistance measured in step 4.

4.5.3.5

1. All samples within
satisfy one of the fq
Note: See Appendix E,

a.

a B C D
75 +~Jmm

Acceptance

Maximum allow

0.01 1X(p1+p2)/

Allowable resigtance change.='0.33 milliOhms, or
0.0099 x (p1+p2)/(2d) milliehms, whichever is greater. (Allows 9.9 times the initial calculatg

Where p; =

(For ¢

S B

A
|t T2l (Alternate Sense L' I

Puoint)

.

MICRO-OHMMETER

Figure 4.5.3.4: Dry Circuit Measurement Points

(Note: The V + test lead may be connegted to back of insulation wing
wing does not touch:the core)

Criteria
llowing two acceptance criteriaiupon completion of the Accelerated aging te
Table E-1 and note for crimp:height tolerance.

able resistance = 0.55'milliOhms, or
2d) milliOhms, whi¢hever is greater. (Allows 11 times the initial calculated c

The resistivity of the conductor in micro-ohm-mm?mm
bpper-conductor, py = 17.2 micro-ohm-mm?/mm per the International

if

B consecutive crimp heights representing the lower, nominal, and upper spegification limits must

st (ENV).

[imp resistance)

d crimp resistance)

Annegled/Copper Standard)

P2
d

The resistivity of the base terminal material in micro-ohm-mm?/mm
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 geometry and
resistivity of terminal and cable.
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Refer to Appendix D, Table D-1 and D-2 for the calculated values for typical referenced alloys.

Note: Smaller wire sizes or alternate wire core materials may require using the formulas in paragraph 4.5.3.5 a. &
b. to establish acceptance criteria.

Note: Terminals crimped on wire sizes >5 mm?, use 4.5.6.5 for Voltage Drop Acceptance Criteria
4.5.4 Accelerated Temperature / Humidity Cycle Conditioning — 24 hour cycle
4541 Purpose

1. This procedure defines an accelerated version of temperature/humidity cycle conditioning.

2. Accelerated tempefature/humidity cycling conditioning may be used to determine the effect of gequential exposure to
high humidity and kigh and low temperature environments on electrical and electronic componegnts.

3. High and low tempgrature and high humidity environments may promote corrosion of metals, degrade properties of
other materials, angl establish electrical bridging between circuits.

4542 Samples
Prepare samples per paragraph 4.5.3.2.
Note: The same sets of samples shall be consecutively exposed to the T/S-and T/H conditioning apd be measured by
either the dry circuit or poltage drop procedures described in this specification.
4.5.4.3 Equipment (Recommendations only)

1. Humidity chamber.
2. Forced air oven.

3. Temperature champer.

4. Automatic temperafure/humidity cycling-chamber. This equipment may be used as an alternatiye to that listed in
paragraphs 1, 2, and 3 above.
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4544 Procedure

1.

Expose test samples to temperature/humidity cycling as follows:

+3°C.
+3°C. Humidity not controlled

+3°C.

olata toamoorat evela

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

a.
b. 2 hours @ —40
c. 2hours @ +85
d. 4hours @ +23
e.
f.  Maximum trans
cycle is 1 hour
g. All time periody
h. Four cycles of
test.
4545 Acceptance

This is a conditioning p

Note: Use Dry Circuit A
sequence.

This constituteg-ere-eem

ralbiuoaidibg
OTrC—CoOmMPTICTC e TP CTatarC/ T o iaty - Ty ©reT

fer time of samples from one environment to the next during the defined.ten

listed in the defined cycle have a tolerance of + 5 minutes

Criteria
rocedure only. There are no acceptance criteria.

cceptance Criteria 4.5.3.5 or Voltage Dfop Acceptance Criteria 4.5.6.5 follo

4.5.5 Test procedure - Thermal Shock Conditioning

4551 Purpose
This test specification g
when subjected to alte
tests the component’'s

4.5.5.2 Samples

1. Make certain that t

etails the procedure-for testing the functional reliability of electrical and elec
nating high and low-temperature environments. Rapid transfer between the
bility to withstanddrastic temperature changes.

ne cable insulation can withstand the rigors of the test conditions.

nperature/ humidity

he environmental exposure described above constitutes’a complete temperature/humidity cycling

wing 4.5.2.4 test

fronic components
two environments

[

2
z

2. Prepare samples

452
oI,

T pClIClUIGVI T-

Note: The same set of samples shall be consecutively exposed to the T/S and T/H exposure and be measured by either
the dry circuit or voltage drop procedures described in this specification.

4.5.5.3 Equipment

Thermal shock chamber or separate hot and cold chambers.
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4.5.54 Procedure

1. Perform visual examination per paragraph 4.2.

2. Perform dry circuit resistance, per paragraph 4.5.3.

3. Set controls 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 that the test samples cannot jam the transport mechanism.

6. Start the test programperfigure-4-5-5-4-

—tz] |<— 4 Minutes max.
1254 t
o 5 Minutes max.
=-40°C — [
lett——— 30 Minutes o S k11| Minutes—:‘
==t 1 Cycle

Figure 4.5.5.4: Thermal Shock Programming and Operation
7. When test program is complete, shut off the thernial shock chamber and remove samples.
8. Perform visual examination per paragraph:4.2.

9. Include in the repott:

e Operating temperatures, dwell times, and number of cycles tested
e Report on evalliation tests/ if performed.
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455.5 Acceptance

This is a conditioning p

Criteria

rocedure only. There are no acceptance criteria.

Note: Use Dry circuit 4.5.3.5 or Voltage drop 4.5.6.5 Acceptance Criteria following 4.5.2.4 test sequence.

4.5.6 Voltage Drop Test for Crimped Grip Connections

Note: This test is intended to be used for terminals crimped on >5 mm? wire size.
Note: 4.5.1 may be used to validate crimped terminal/wire, power combinations in lieu of 4.5.6.

45.6.1 Purpose

1. This procedure def]

conditions. ltis to 4

The current throug

nes measuring the termination voltage drop, of static crimped contacts, un

h the specimen will be applied at a level per table 4.5.6.5. This current is ap

under test so voltage drop of the termination can be measured. Power supply voltage will be al

this test.
Note: For multiple wire
level will be based on t

4.5.6.2 Samples:

1. Aminimumof 10 s
recorded for no les
heights may be inc
drop requirements.
exposure and volta
recommended) to t
“Deduct” samples
test. These “Dedug
except the termina
deduct value for th
Note: See Appendix E,
2. A minimum samplg
as there is no effeg
necessary if the sa

grip, high current evaluation, perform the mVD measurefment on the smalle
ne wire selected for the mVD measurement.

bmples of each crimp height under test shalltbe’submitted for test. Data shg

r high energy

e used to validate terminal/wire combinations where the wire core cress-segtion is >5 mm?.

lied to the sample
owed to float during

5t wire. Test current

Il be obtained and

5 than 3 consecutive (minimum, maximum and nominal) production crimp h

vill be soldered and the voltage’drop will be measured in the same manner

t” samples will be identicakin length, wire type and terminal type to the othe
grip will be soldered. WUse the average voltage drop measured on these 3 “Il
S test.

Table E-1 for crimp-height tolerance.

length of 150" mm is recommended however, any sample length >150 mm
t on the cfimped grip during processing and handling of samples. Longer wi

sample as for thos¢ samples under test.

ights. Additional crimp

uded in the test to assure there will be@tleast 3 consecutive crimp heights that meet the voltage
These samples may also be used forithe tensile test samples after the accglerated environmental
ge drop measurements are made.(Brepare 3 additional samples (proposed hominal crimp height
e used to determine the deducti.voltage drop as required in 4.5.6.4 - 7. The|grips on these

s the samples under
samples under test
Deduct” samples as the

S acceptable as long
e length may be

Mmples, are~powered in series for this test. It is important to use the same length for the deduct
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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 grip.

4. Apply solder to measuring point C, figure 4.5.6.2 (center strip or stripped end of wire) to obtain consistent readings.

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.

— 1':, g — 75+4/-3mm A}_J'

& (illernale Sense LY. —
Paint)

“— Digital Multi Meter —

DC power Supply S|

Note: The V + test lead may be connected to back*ofiinsulation wing if the
wing does not touch the wire conductor core.

Figure 4.5.6.2 Voltage drop power hook up and measurement points
456.3 Equipment

1. DC Power supply (0~20V. (200A min recommended)) or 0~20 V current as required.
2. Digital Volt meter

4.5.6.4 Procedure
1. Perform a visual inspection of.components per paragraph 4.2.
2. Relative movement of samples should be minimized to reduce effects of movement on megsured values. This is

an open air bemch test.In-an effort to maintain repeatability, care should be taken to avoid frafts from HVAC,
open windows,|etc

3. Apply current ('\AQP(‘I an wire Qi7p) per table 4 5 6 5 at pninfc AandD

4. Allow the temperature of sample(s) to stabilize (with current applied) as follows:

Use a thermocouple or non contact thermometer to measure the temperature of the terminal grip under test.

The temperature is stable when the grip on the sample under test changes less than 2°C in 5 minutes.
Note: Applying the current load in series to all samples under test is recommended and requires only one stabilization
interval.
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Measure and record the voltage drop of the 3 samples with soldered grips. The measurement is made at a point

75+ 3 mm from the rear edge of the terminal conductor grip. The average voltage drop value of these 3 samples

Note: If the samples are connected and powered in series, include the soldered samples with the samples

n front of the conductor grip. (see Figure 4.5.6.2).

5.
will be used in step 7.
under test.
6.
terminal, just i
7.

Measure and record the voltage drop on each sample between the cable measuring point C and point B on the

Calculate and record the crimped grip voltage drop: The crimped grip voltage drop is equal to the overall sample

voltage drop measured in step 6, minus the average voltage drop of the 3 soldered grip samples measured in

step 5.

Note: Samples may b
are accessible and do

terminals crimped to bg

more terminals for the
current in series to all

4.5.6.5

Maximum allowable V
values shown in table

a. Maximum allow
calculated crim
b. Allowable resis

calculated crim

Acceptance

e/ connected in series and powered up all together as long as the “B” and “C’
not interfere with measurement points on any other samples wired in this.se
th ends of the sample under test are acceptable methods to for applying cu
purpose of using voltage drop to validate the crimping process on¢% mm* ¢
damples at once will reduce set-up, measurement and environmental errors
Criteria

Itage Drop for terminal/wire combinations using > 5 fdm? wire shall be equa
5.6.5-o0or-

able resistance = 0.011x(p4+p2)/(2d) milliOhms;\Whichever is greater. (Allo
p resistance)

(o
4

tance change = 0.0099 x (p1+p2)/(2d) milliohms, whichever is greater. (Allo
p resistance)

measurement points
ies. Split bolts or

rent in series to 2 or
Bble. Applying the test
br differences.

to or less than the

vs 11 times the initial

s 9.9 times the initial

Where p; = [Theresistivity of the conductorih-micro-ohm-mm?mm
(For cppper conductor, py = 17.2-micro-ohm-mm?/mm per the International
Annedled Copper Standard)
p2 = [Theresistivity of the base terminal material in micro-ohm-mm?2/mm
d = [The diameter of a circle with the same area as the total cross sectional
area of the conduyctor in mm.
p1+p2)/2d = Theoretical Crimp Resistance based upon geometry and
resistivity of terminal and cable.
mm? Wire size Test current Maximum Maximum
mV/A mV/A (mQ)
(mQ) Change
<5 Use dry circuit resistance of static contact method 4.5.3
>5 <13 50A 0.15 0.09
213 <19 75A 0.11 0.07
>19 <32 100A 0.08 0.05
232 <40 100A 0.06 0.04
240 <50 100A 0.05 0.03
250 <62 100A 0.04 0.02
262 <103 150A 0.03 0.02
Table 4.5.6.5

Note: 1mV/A = 1mQ
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5. VALIDATION REQ
5.1

5.1.1

UIREMENTS FOR CRIMPED TERMINALS - SUMMARY

Validation Test Requirements

5.2 Special Applications and Exclusions

5.21
cross-sections

5.2.2
establish and
temperature. B
applications.

5.3 Other Crimp Va

5.3.1 Reference [RH
circuit and/or ¢
5.3.2 “Sameas"isd

terminal stock thick
material (alloy and

the same terminal ¢
the same conducto
the same insulation
The “same as” wire cq
individual basis.
Note: SAE, ISO, and J
and must be validated

5.3.3 Cables with the
for crimped co
section require

5.3.4 Previous Elect

Special applications and variances from this specification require customer approval.

the same terminal plating

[PTX] are required for all validations.

ase metal and platlng must be considered when selectlng a component for

idation Methods

F] - The application is the "same as" another similar application already
istomer requirements

pfined as having the same:

ness
emper)

onductor wing dlmensmns and features[serrations, etc.]
r core cross sectional area’

outside diameter

nductor is limited to 7 and 19 strand construction. Other stranding options n

S wire types with the same_size designation will have different conductor co
hs separate wire sizes:

same conductorcore construction, but differences in the insulation may be
nductor grip validation purposes. The crimped Insulation grip must be revi
ments for fipal\validation.

fical Validation (PEV): Previously validated high current terminations that

Criteria 4.5.6.5

All new applicaItions must be validated to the latest revision level of this specification.

may be considered compliant even if a different test method was used to

The validation requirements listed in Table 5.1 shall be conducted to demonstrate the design intent is met.

Pull-out force testing and

This speC|f|cat|on is mtended to valldate onIy the crlmpmg process It is the termlnal suppller s responsibility to

as in elevated
Ise in extreme

validated to meet the

nust be tested on an

re cross sectional area

considered the “same
bwed against the cross

meet the Acceptance
establish those values.
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Requirement . L
Section or Dc_aslg_n 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
Tfarmina_l, Cable, and crimp tool N Appendix E
dimensions usually controlled by specific 1-2 ’ Y 100%
part numhers 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 4.25-4 Y 100%
- bellmouth 4.2.5-5 Y 100%
- conductof grip 4.2.5-6 Y 100%
- insulatior] grip 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 100 %
and width {CCH, CCW, ICH, ICW) 6-8
- cross-segtion requirements 4.3 100%
Mechanical performance
- Pull out fprce* 4.4 Y Meap-3s>Limit
(Final OENI’s quality assurance approval
form procgss validation may be reéquired.)
Electrical performance 4.5
For Power|Applications: Use-ECC or ENV
- Electricalltesting Current'Cycling — (ECC) 4.5.1 Y 100%
or
- Accelerated environmental testing (ENV) 45.2 Y 100%
For Low Energy.Applications:
- Accelerated’Environmental testing (ENV) 45.2 Y 100%
For Low Impedance Applications:
Validation must be done on bare copper
wire to optimize grip parameters even if
production is on tinned wire.
- Accelerated Environmental testing (ENV) 45.2 Y 100%

* 4.4 may be performed after 4.5.1. or 4.5.2. when the same samples are used for both electrical and

mechanical testing.

Table 5.1 Tests to be used for validation
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APPENDIX A: GRIP 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.

B. Grip Engineering G

The following guide
based upon previo

1.

2.

The terminal syipplier determines double application términals.

Core wings tha
results. Sharp

Tin or silver plz
steel or gold in
should provide
electrical testin
(i.e. O, sensor

Optimum 10 yg
This maintains
relaxation due

Terminal Wing/Cable
Loading Ranges
Cable Range| SAE | DIN
0.05-0.08 X X
0.13-0.22 X X
0.35 - 0.90 X X
0.75-1.25 X X
1.5-25 X

2.0-3.0 X
4.0-6.0 X X

Table A-1: Recommended Wing/Cable Loading
uidelines

lines are intended only to assist in passing the-requirements of this specific
Is experience from terminal suppliers:

t have features to break oxides and’minimize cable strand movement will gi
cornered serrations are preferred.

ting is the optimum design*for 10 year/150K life. Use caution when specifyi
core wings since use.of.these materials may result in high crimped grip resi
for adequate free tin“at end of life. Nickel plated high temperature wire also
g and may require specific changes in acceptance criteria based upon circu
circuits)

ar/150K.life’is obtained with similar alloys, tempers used for spring member
grip wing hormal force with time and temperature. It also provides strength
o movement and stresses applied during vehicle life.

btion and are

e better electrical

ng nickel, stainless
stance. The design
may not pass this

t application sensitivity

5 and contact arms.
to resist grip wing

Wing blank wi

monitors.

th 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

Crimped grip 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 grip. Grips 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. Usually the best electrical performance is on
the tight side of the pull vs. crimp height curve (ref. Figure A-1). Both over and under compaction can result in
poor electrical and or mechanical performance.

8. The preferred insulation grip 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. Where possible, grip 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 crimped grip developed and
validated to a terminal/wire combination with one wire specification cannot be used to approve the same terminal with a
different wire specificatior—Example—alidated-Grimp-dimensiensfera>o0terminat-erimped-en-a.5 SAE wire cannot be
used to validate a crimped grip on the same XXX terminal with a .5 JIS or .5 ISO wire. Moving from| a wire constructed to
one wire specification tp a wire constructed to a different specification will require crimp re-validation even when they both
have the same size degignation. Example: SAE .5 (.508 mm? min) wire does not have the same crpss sectional area as
ISO .5 wire (.4647 mm{min (calculated from max. resistance requirement)).

10. A typical mechgnical/electrical vs. crimp height curve is shown in Figure A-¥.

1 - W
] | £
g Pull 2
g - | =
= =
Y - -
% (Min) P e
= / | o ”~ - %
ol M 0
i | = g
\ Environmental / ><"- MI‘ 14

== Power :
D | | | 0-0

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

Core Crimp Height

This graph is shown as an example only.
Figure A1
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C. Crimp Validation Analysis and Decision Tree

Receive Crimp
Validation Request

"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.

Is the other application
validated based on the
appropriate testing? (see table
5.1)

Is the terminal/wire
combination (the application)
the same as another already
validated application?

In order for an application to be "similar to" another
application, the differences in the dimensions, features,

and materials mentioned above myst be such that any
\/ testing applies. For example, tinngd conductor cable
crimped to a tin plated brass termingl will always function
at least as well as unplated ¢epper ¢onductor crimped to
the same tin plated terminal} Therefgre, testing on copper
conductor wire would, apply to a finned conductor

No application.
I s the application similar to
Validate based on another already validated
reference application?
valjdation ("REF")
Redesign the
crimp and/or the
Yes termlnal_ as
appropriate
=
Yes
Is thg other application
Ye-No validgqted based on the

appropridte testing? (see table

5.1)

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

“

Reject the validation (do
t validate). Replace
he application with
angther that will pass the
test.

idate based on
reference
dation ("ENJ")

>

Is it necessary to use the

application, and is it
acceptable for the specific
vehicle requirements?

Test as appropriate:
see table 5.1

Yes

Does the testing
pass?

Does the customer
agree and approve the
application?

Yes

v

Document
validation
("ECC" or "ENV")

Yes
v

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



https://saenorm.com/api/?name=573534289aecbc6a8d5a359263460d3d


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


