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**WARNING***

No electrical connector, terminal, or related component may be represented as having met
USCAR/EWCAP specifications unless conformance to all applicable requirements of this
specification have been verified and documented. All required verification and documentation
must be done by the supplier of the part or parts. If testing is performed by another source, it
does not relieve the primary supplier of responsibility for documentation of all test results and for
verification that all samples tested met all applicable Acceptance Criteria. See section 4.3.

1 SCOPE
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Guidance as to the recommended tests for selected purposes is given in the charts in Appendix
C and D. In the absence of contrary direction from the Authorized Person in the test
request/order, all electrical connectors and their associated terminals and other components are
required to meet all applicable portions of this document with the following exception:

Specific tests that are not required or additional test requirements as specified in any document

in the hierarch

y of Section 3.
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2 OUTLINE & GLOSSARY OF TERMS

21 GENERAL

Diagrams are provided where necessary to clarify the details of the various test procedures. 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 this
specification.

A glossary of tlerms is provided in Appendix B. Terms defined in the definitions or glossary are
capitalized (i.¢. Room Temperature, Steady State, PLR, etc.). A list of definitiens is provided in
Appendix A.

For the purpoges of this specification there are only two types of ele€trical connecjors: sealed
and unsealed.

3 REFERENCED DOCUMENTS REQUIRED

3.1 DOCUMENT HIERARCHY

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

1% - Applicableé FMVSS requirements and other applicable state and Federal requ{rements.
2" - Applicablg part drawings

3" - Applicablé product design spécification(s).
4™ - Automotivie Industry Actiofi Group (AIAG) Production Part Approval Process (PPAP)
5" - Applicabl¢ USCAR/EWEGAP performance specifications
6™ - Other applicable standards and specifications

Note: Conneclor.systems that have been tested to and met the requirements of previous
revision levels i r levels.

These components shall be considered to be compliant to the prevailing revision level at the
time of release of component part. Compliance to the current revision level of this document
may require testing and acceptance to the requirements of this revision.
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3.2

PART DRAWING

The part drawing for each connection system component should contain or reference:

All dimensional requirements (which must be in GD&T format).
Performance requirements.

Component part number.

Reference to applicable portions of this specification.

The quantity ahd part number of terminals used.

The typical mg
Maximum perr
for which the g

3.3 PROD{

The product dj
Instructions m
for the associd
requirements i

3.4 TESTH

3.4.1 Sam

The laboratory
identify the tyq
describe any {
deviations fron

h this document.

ting connector.
nissible Temperature Sealing, Vibration, and Ergonomic class\(per §
art is intended or has been successfully tested.

JCT DESIGN SPECIFICATION

bsign specification may or may not be an infegral part of the part dra
st be included in the product design specification for any special te
ted part and for any exceptions or modifications to the general sped

REQUEST/ORDER

ples, Test Type and.Special Tests

test request/order shall provide location and documentation of test
e of test to beperformed (development, validation, special purpose
pecial tests.that are not a part of this specification. Any required rey
n any tests in this specification must include detailed instructions for

section 5.1.4)

wing.
sts required
ifications and

samples,

etc.) and
isions to, or
each change.

3.4.2

TestRequest/Orderinstructions

Instructions must be included in the test request/order concerning applicable tests and the order
in which the tests are to be performed if different than outlined by this specification.

3.4.3

Performance and Durability Test Instructions

Instructions must be given in the test request/order concerning limits for performance and
durability tests, including definition of the conditions under which those limits apply, if they are
different than outlined in this specification.
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3.44 Development Tests

Development tests are frequently used to evaluate specific areas of the design. They are tools
for evaluating design alternatives, proposed improvements, cost reduction proposals, or
determining root causes of field problems.

3.4.5 Validation Tests

Validation tests or sample approval tests are acceptance type tests. Considération must be
given to the inherent repeatability or subjectivity of certain tests outlined by this specification
before designating it as a validation or compliance test.

3.4.6 Special Purpose Tests

Portions of thig specification may be useful for special purpose testing. For examplle, verifying a
process or material change may, in the judgment of the Authorized Person, requirg only one or

two specific tepts, or a portion of a test, to verify that no. adverse consequence resulted from the
change. Any portion of a test or any combination of tests contained in this specification may be

used individuglly or may be combined with other:tésting, described outside this spgcification, in

any phase of product development, productionstesting, or analysis of parts from the field.

3.5 OTHER REFERENCED DOCUMENTS

SAE/USCAR-20: Field Correlatéd)Life Test
SAE/USCAR-21: Performance.Specification for Cable-to-Terminal Electrical Crimps
SAE/USCAR-23: Road Vehicles — 60V and 600V single core cables
SAE/USCAR-25: Electrical Connector Assembly Ergonomic Design Criteria
AIAG: Measurgment.Systems Analysis Reference Manual
ISO TS16949

IEC 68-2-32 —|Basic Environmental Test Procedures — part 2
SAE J 1127 a : i

4 GENERAL REQUIREMENTS

41 RECORD RETENTION

The supplier shall maintain a central file for the storage of laboratory reports and calibration
records. Such record storage must be in accordance with established ISO TS16949 and AIAG
policies and practices.
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42 SAMPLE DOCUMENTATION

All test samples shall be identified in accordance with the requirements of ISO TS16949 and the
AIAG PPAP.

43 SAMPLE SIZE

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

4.4 DEFAULT TEST TOLERANCES

Default Tolerapces, expressed as a percentage of the.nominal value unless otherise indicated:

Temperature = +3°C
Voltage = + 5%
Current = + 5%
Resistance = +5%
Length = + 5%
Time = + 5%
Force = + 5%
Frequency = £ 5%
Flow Rate = + 5%
Relative Humidity = 1 5% (When controlled)
Speed = + 5%
Sound = +5%
Pressure = + 5%
Vacuum = + 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, the following basic conditions shall apply:

Room Temperature = 23+5°C
Relative Humidity = = Ambient (Uncontrolled as in lab ambient conditions)
Voltage = 14.0+£0.1VDC
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4.5 EQUIPMENT

Neither this list nor the list in each test section is all-inclusive. It 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.

ITEM DESCRIPTION REQUIREMENTS*
1 DC Power Supply = 0-20V
(Regulated) = 0-150 A
2 Micro-phmmeter = 0-20 mV
= 0-100 mA

Limits the open circuit voltage to 20 mV and-imits the|current applied
to 100 mA. The micro-ohmmeter must also use either{offset
compensation or current reversal methods to measur¢ resistance

3 Digital [Multimeter * Capable of measuring the following at an accurpcy of <0.5%
(DMM of full scale:

= 0-50 Volts DC
= 0-10 Megohms

4 Curreqt Shunts 100 mA or as required with accuracy of £ 1% of phominal
5 Millivolt Meter Capable of measuring 0-100 mVDC at 0.5% full scalg
6 Thermpcouples Type "J" or A" and as required
7 Insertion/Extraction Capable.of 1.0% accuracy, full scale
Force [Tester
8 Data Lpgger As Required
9 Tempgrature =1=40°C to +175°C or as required by Temperature Class
Chamber = 0% to 95% RH
10 Vibratipn Controller As Required
11 Vibratipn Table = 2640N (600 Lbs.) Sine Force
= 2200N (500 Lbs.) RMS Force
12 Vacuum As Required
13 Megohmeter Accuracy <5% of full scale
14 High Pressure-Spray See-table-5-84-3
Equipment
15 Decibel Meter +/- 1.5 dB “A and C” scale

Table 4.6.1: Equipment

NOTE: on requirements: Use of equipment with a lesser range is acceptable for specific tests
where the required range for that test can be met. The equipment range specified does not
preclude use of equipment with a larger range, but the accuracy must remain within the
specified tolerance. For example, a DMM with a range of 0-100 volts could be substituted for
one specified as 0-50 volts, with the provision that the accuracy could be maintained as £0.5%
of the 50 volts full scale, or 0.25 volts, not 0.5% of the 100 volt full scale of the substituted
equipment.
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4.6

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.

4.7

All equipment
the applicable
Measurement

TEST §

REPEATABILITY & CALIBRATION

standards and requirements set forth by ISO TS16949and the AIA
Systems Analysis Reference Manual. Copies of this Manual can be

the AIAG. (S¢g

retained in acq

4.8 CONF(

Conformance
samples must
temperature, €

49 DISPO

Should a prenm
determine if th
suspended or
determine the
in nature, con
sample appro
test must be s
Authorized Pe

ordance with Section 4.1 of this USCAR/EWCAP specification.

DRMANCE DETERMINATION

shall be determined by the specified-requirements of the test being
satisfy the requirements regardless of sample age, test cycles, or te
xcept where a test to failure, is specified.

SITION OF SAMPLES

ature non-confarmance occur during a test, contact the requesting

test is to be-continued to gain additional product experience or if t
erminated.{\When contact cannot be immediately made, the type of
disposition of the samples. If the test order indicates that the test is
nue ‘until the requesting party or parties are available. If the test org
ator validation, stop the test until the requesting party can be contg

rson must be contacted for concurrence before the test is restarted.

e Appendix B for contact information.) Documentation is to be reco

used for test sample evaluation shall be calibrated and maintained according to

5 publication
obtained from
rded and

conducted. All
st

pbarty to
psting is to be
test shall
investigative
eris for

cted. If the

, etc.) the
The test

request/order should always specify desired sample disposition at the conclusion of the
applicable testing.

410 PART ENDURANCE

Successful completion of all requirements of this specification is intended to demonstrate that
the design and construction of the components and connector systems tested are capable of

operating in th

eir intended vehicle environment and application.

-10 -
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5

5.1

TEST & ACCEPTANCE REQUIREMENTS

GENERAL

The tests detailed in this specification are qualitative in nature and are not expected to stress
any part beyond its anticipated application limit, except where tests to failure are specified.

The test procedures that follow were written as stand-alone tests and may be used as such.

However, they
appendix C ar
preparation or
preceding test
individual test
Should any co
Authorized Pe

5.1.1  Perf

All connection
as listed in Fig

5.1.2 Dim

Part construct
latest revision

51.3

Parts are inten

Material Characteristics

are intended to be performed in sequence as specified in 5.8.2 5
d D. Common sense is required to overcome any redundancies in

in procedures. For example, if samples have already been prepare
in a sequence, it should be obvious that the sample preparation stg
included so that test can be used as a stand alone test)'should be

hflicts or questions arise concerning procedures and/eprequirement
Fson.

ormance Requirements

systems must meet all performance tést requirements for the apprg
ure 5.1.4.

pnsional Characteristics

on shall conform to the dimensions, shape, and detail attributes spq
of the applicable part drawing(s).

ded to.be in their "as furnished for vehicle assembly" condition whe

begins, unless

specific instructions as to any pre-test "conditioning" are contained

8.8 via
sample

j for the

p for that
skipped.

s, contact the

priate Class

cified on the

h testing
in the test

request/order.

Forexampte,etectrical-terminatstypicatty tave residuatdietubricar

t on them

when finally assembled into a vehicle. This same condition must prevail for test samples unless
part cleaning is specified in the Test Request/Order.

All material used in each test sample shall conform to the material specifications shown on the

latest revision

of the applicable part drawing(s).

The material hardness specified for electrical terminals refers to the blank strip material and not
the finished product because the terminal manufacturing process can modify the hardness

values.

-11 -
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5.1.4 Classifications
5.1.4.1 Temperature Classification

Components to be tested must be assigned a class from the table below according to the
expected environment in their intended vehicle application. "Rise" is defined as the temperature
rise due to electrical heating caused by the maximum Steady State current flow expected for the
component under test. Care must be taken to ensure that the conductor and insulation selected
for the application or any test will itself withstand the maximum temperature for the class

selected witho

recommendati

Note also that
dissipate heat

current flow, tH

When "Maxim

temperature in

specified. If n
select the app
takes, it gener

possible Temg

5.1.4.2 Sea

ut exceeding the conductor manufacturer's maximum temperature
oNs.

more slowly, and thus experience a higher temperature "rise" with t
an terminals located on the periphery of a connector.

Im Temperature" is mentioned with respect to_Figure 5.1.4.1, the hi
the right column, "Ambient Temperature Range" is to be used unle
bt specified in the Test Request/Order, the Authorized Person is exf
ropriate Temperature Classification. Considering the cost of testing
ally will be best to qualify a given terminal and connector system to
erature Classification.

Ambient
Temperature
Range
-40°Cto +85°C
-40° C to +100° C
-40° C to +125°C
-40° C to +150° C
-40° C to +175° C

Class
1

2
3
4
5

Figure 5.1.4.1: Component Temperature Classes

terminals packaged such that they are surrounded by otherterminals will

ne same

phest ambient
5s otherwise
ected to

and the time it
the highest

Ing Classitication

Components to be tested must be assigned a class from the table below according to the
expected environment in their intended vehicle application.

S1:

Unsealed connectors are suitable for use in passenger compartment or other dry areas

on a vehicle such as the trunk. Note: some heavy duty and off road vehicles require

sealed
S2:

(S3) connectors within vehicle interiors.

environmental test sequence.

S3:
the req

uirements of 5.8.1, High pressure spray.

Sealed connectors must meet the all requirements of 5.9.7, the Sealed connector

Sealed (plus pressure spray) connectors must meet all of the requirements of 5.9.7 plus
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Class Application Type

S1 Unsealed

S2 Sealed

S3 Sealed plus pressure
spray

Figure 5.1.4.2: Component Sealing Classes

51.4.3 Vibrlation Classification

Components t
expected locaf

V1. Compot
engine s
54.6.4.

V2: Compol

figure §
V3: Compol

D be tested must be assigned a class from the table below accordin
ion in their intended vehicle application.

nents intended for use on sprung portions of the vehicle and not coy

.4.6.3.D and meet the requirements of 5.46.4.
nents intended for use in extreme vibration levels shall be tested to

profile figures 5.8.2.3.B and 5.8.2.3.C. and meet the requirements of 5.4.6.

j to the

pled to the

hall be tested to vibration profile figure 5.4.6.3 E;"and meet the requirements of

nents intended for use coupled to the engineé'shall be tested to vibration profile

ibration
5

Class Typical application
V1 Components on sprung -portions of vehicle not coupled to Engine.
V2 Components coupled to Engine.
V3 Components subject to severe vibration.
Figure 5.1.4.3: Component Vibration Classes
5.1.4.4 Ergonomic Classification

Components to be tested must be assigned an Ergonomic class from the requirements in
SAE/USCAR 25. This Class designation shall be documented in the test plan and listed on the
component drawing.
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5.1.5 Testing Headers & Direct Connect Components

Cases frequently arise where only one half of a connector, usually the female half, is available
and it mates directly to a Header or to a receptacle in an electrical component or device. This
presents special problems for testing. In order to completely test the electrical connection,
access must be gained to the terminals in the device or header. Great care must be taken in
these cases so as not to introduce leak paths that are not present in the vehicle application.
Where this risk is unacceptable, or making the necessary electrical connections is not feasible,
the tests normally required to verify connection integrity must be modified.

Another problem sometimes arises due to the length of the terminals or buss bars|in the device
or header when conducting electrical tests. The general rule is to connegt-éne of the millivolt
test leads at the point where the Header or device terminal attaches to the circuit board or
similar point in the device. The bulk resistance of the terminal "tail” is - measured and subtracted
during the connection resistance calculation.

However, if th¢re is more than one "tail" length involved, butthe bulk resistance pér unit length
is common, it may be more convenient to attach the millivolt'leads at a common distance from
the connectior] to be measured.

Therefore, in
connection ne
connects to th
convenient co

ituations where there is more than 50'mm from the point of contact jn the

rest to the Header or device to the point where the terminal "tail" of buss bar
device, these two options areiavailable. (1) Attach the millivolt lead at a

mon distance 30 to 50 mm’from the contact to be measured. Thern subtract the
of the selected comman length when calculating the resistance of the

der or device connection. (2) Measure bulk resistance of each individual Header
terminal or component buss bar from the connection to be measured to the point ¢f millivolt lead
attachment and subtract this resistance when calculating the resistance of the asgociated
Header or devjce connection,

When attaching millivolt leads, take care that the heat applied does not damage plating or
cause stress relaxationtin any connection component. Application of an appropriate heat sink
may be advisgbles-Refer to Figure 5.1.5.

Note: Placement of the T1 lead in Figure 5.1.5 may be modified as necessary to fit the
application. When using a dimension other than the 75+/-3mm it is important to measure the
resistance of a sample with an equal length of the same wire type and use that result as the
deduct value.
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Connector

Header
board ar

connecti

30-50mm Tz >I points

A

30— 50mm

A

30 — 50rmm 12

|

-~

TF

It may be that
withstanding tl
just the conne
connections fg
in order to test
appropriate, b

In any case, th
normal tests o

51.6 Tern

Terminals use
“Performance
characteristicq
respective terr

+

Printed circuit

device
on

3 mm

at3mm

Tz - milliwalt lead attach point

Figure 5.1.5: A - Method 1 - Milli-volt Lead Attachment (typical)

the electrical component or device being connected is not itself cap
ne tests to which the connector is usually subjected. In these cases
ctor receptacle portion of the device must'be obtained. Then the re
r testing can be made and sealed. Leak paths in devices may neeq
the integrity of mating connectors:Such modifications to the devic
It must be documented in the testreport.

e Authorized Person must be consulted and must approve any dev

f this performance specification.

ninal Sample Rreparation

d for testing shall be crimped to requirements as defined in SAE/US
Specification for Cable to Terminal Electrical Crimps” Crimp dimen
and<mechanical pull strength shall be within tolerance as it applies

Able of
samples of
nuired

to be sealed
P are

ation from the

CAR 21,
sion physical
to the

unless

hinal and wire gage. Crimp both the conductor and insulation grips

otherwise spe

STt

hificnd in tha individual tact neacadiirac llea tha Aannraneiata ~Aahin o
LLAAA IR INERIRAY IR IRAY IR AAV AV L@ I BE g wpe )y r-ll AYAYAVAV AV | B\ v e 7 Hl

AR R AN = =4

UpPTTatTcTCTaioTT u\:al as

applicable. Assemble insulation displacement type terminals per their manufacturer’s
recommended assembly criteria. When testing Header type connectors with mating connectors,
prepare samples only for the mating Female Connector (ref. Section 5.1.5). Record the crimp
height and width of a representative group of samples of each terminal (except for insulation
displacement type terminals) and number samples for tracking and later identification as
appropriate. Crimp information (tooling used to prepare samples, crimp dimensions, and wire
type) shall be documented in the test report.

The following note applies to wire harness fabricators: Production crimps shall be tested,
validated, and approved separately per SAE/USCAR-21 Performance Specification for Cable-
to-Terminal Electrical Crimps based on wire size, stranding, and insulation wall thickness.
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5.1.7

51.71

Connector and/or Terminal Cycling

Purpose

This procedure preconditions a connection system pair or terminal system pair prior to a test
sequence. Connectors may be subjected to repeated cycling due to in-plant and/or service

repair prior to

nd during the life of the connector. Complete this procedure only

conducted as

5.1.7.2 Equipment
None
5.1.7.3 Sample Preparation

No special pre

5.1.7.4 Procedure

Completely mate and un-mate each conpector or terminal pair 10 times.

When working
along terminal

On connectorq
contacts (conr
the resistance

Re-mate conn

part of a series of test as in section 5.9.

paration required.

bCtors or terminals for one last time in preparation for future test sed

with terminals only;.Use caution to assure that mating and un-matin

centerlines to prevent side pressure that may distort either terminal,

with Shorting*Bars, complete the Dry Circuit measurement across
ector unsmated) per section 5.3.1. Record the number for later use
change-as part of the Dry Circuit Test procedure.

follow directions in the respeciive procedure 1o follow.

5.1.7.5 Acceptance Criteria

None

nce when

g is done

he shorted
in calculating

uences or
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5.1.8

5.1.8.1

Visual Inspection

Purpose

This test is used to document the physical appearance of test samples. A comparison can then
be made with other test samples. Examinations in most cases can be accomplished by a

person with n

rmal or corrected vision, and normal color sensitivity, under cool wh

ite fluorescent

lighting. Photo
documentatior
retained for pg

518.2 Eq
= Camera

= Video Rec
= Magnificat

5.1.8.3

1. Visually eX
obvious m
specified i

represent

After testin
observablg
physical di
control sarf
report. The

uipment

Procedure

graphs and/or videos are encouraged as a more complete meansQ
. An appropriately identified untested sample from each test group
st-test physical comparisons.

brder
on Apparatus (as required)

amine each test specimen ptior to testing and/or conditioning, notin
pnufacturing or material defects such as cracks, tarnishing, flash, et

the test request/order, take photographs and/or video recordings @
tive samples to be tested and keep a properly labeled control samp

g and/or conditioning, re-examine each test sample and note in det
changes, sueh as swelling, corrosion, discoloration, contact plating
stortions¢eracks, etc. Compare the tested and/or conditioned samp
nples, thevideos, and/or the photographs, recording any difference
Authorized Person will need to provide an additional sample for thi

f
must be

g in detail any
c. When

f
e.

bil any
wear,

es to the

5 in the test
5 purpose.

Return tes
been obtai

1 £ L 1 (] (] L
samptes-torequestor-afteralt-testsare completedandattnecessa
ned.

5.1.8.4 Acceptance Criteria

y data have

The device under test must not show, any evidence of deterioration, cracks, deformities, etc.
that could affect their functionality. No base material on plated parts should be exposed due to
plating or coating wear through. Additional criteria are listed under each test.
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5.1.9 Circuit Continuity Monitoring
5.1.9.1 Purpose

Some procedures require continuous circuit monitoring of connectors during conditioning. The
purpose of circuit monitoring is to detect intermittencies caused by micro-motion and resultant
wear or build-up of non-conductive debris at the contact interface. Use this procedure when
specified in the_individual test

5.1.9.2 Equipment
= Continuity [Tester (CT)

5.1.9.3 Procedure

At least 10 indjvidual terminal and 5 connector pairs must be.monitored. Monitored terminal
pairs should be distributed as evenly as possible among the)connectors tested. Diistribution of
monitored pairs should be done per the following generalpatterns. The Authorized Person shall
determine the [final monitoring pattern. The pattern shall be documented in the tegt report.

X X
X | XX X

X X X X
X X
Figure 5.1.9.3:General Pattern for Circuit Monitoring

X1 IX] [X]

NOTE: An ‘X'|pattern is suggested if practical
NOTE: Monitgred terminals-shall not be the same samples used for subsequent Dry Circuit
readings for rgcord, sinee‘the monitoring equipment may cause the potential across the circuit
to exceed 20mvolts, Dty Circuit readings, however, may be taken as an aid in rogt-cause
diagnosis.

1. Solder the tonductorsfrommeachtermimatimthe €8T imseries tofornTonmecontinuous
current path with only two free ends. Solder one of the free conductor ends to a 2 watt,
120 + 1.2 ohm resistor. Solder the " — " (negative) lead to the free end of the resistor and the

"+" (positive) lead to the remaining free conductor end of the CUT. Connect the Continuity
Tester (CT) across the resistor, making sure that the negative lead of the CT is connected to
the negative side of the resistor. Adjust the power supply to provide 100 mADC to the circuit.
Set the CT to monitor the current through the resistor and record any instance where that
current falls below 95 mA. As an option, the CT may be used to monitor one or more
terminal pairs instead of the resistor. A reference illustration of the test set-up is shown in
Figure 5.1.9.3. Other suitable continuity monitoring equipment may be used. The test
fixtures, system layout, and test set-up must be approved by the Authorized Person prior to
testing.
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Ocp Suppl
Cortinuity Tester gl il

T[]
=
SEE P o Oo]

i

"f ResBEr
1 1:3 ﬁglt:lms j
f‘ﬁ: E:F | = o

Figure 5.1.9.3: Connector Environmental Test Set-Up

5.1.9.4 Acgeptance Criteria

Where continyity monitoring is required during any conditioning procedure, there must be no
loss of electrical continuity (any instance of the’resistor current dropping below 95|mA), for more
than 1 microsgcond. If one or more terminal-pairs are monitored, rather than the sgries resistor,
there must be [no instance in which theresistance of any terminal pair exceeds 7.0 Q for more
than 1 microsgcond. Figure 5.1.9.4 illustrates the acceptance criteria graphically.

Contact A

) Acceptable
Resistande P

Not

/ Acceptable
7.0hm \

o

Time

1us

Figure 5.1.9.4: Intermittency Measurement
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5.2

5.21

5.21.1

TERMINAL - MECHANICAL TESTS

Terminal to Terminal Engage/Disengage Force

Purpose

This test deter
and Female T¢
given connect
this informatio
disengagemer

521.2 Eq

= Insertion/B

= Polished Steel Gage(s) (optional)

5.21.3

Completely
male and 1
10 Female

uipment

Procedure

Fixture one¢ male and one Female Terminal so that proper alignment is achiev

brminal pairs. Determination of the number of terminals that canlbe
br design without exceeding allowable Mating Force limits is-largely
n. Note that this test is written so that only the first engagement and
t are recorded and used to verify compliance with the Acceptance (

xtraction Force Tester with peak reading feature

identify and number each:terminal to be tested. A minimum of 20 3
0 female) are required. If the optional Step 8 is to be used, at least
Terminal samples will be required.

b mating terminals at a uniform rate not to exceed 50 mm/min. The {
Fallel to the eenterlines of the terminals. Proper alignment of the ter
void side loads and binding which can adversely affect the force me

peak.force required to completely engage the terminal to its mating

this value foverify conformance to the Acceptance Criteria of Figure 5.2.1.4.

Mmines the engagement and disengaging forces associated with coanatibIe male

packaged in a
dependent on
the last (10"
Criteria.

amples (10
an additional

bd during

orce shall be

hinals is
asurement.
part and use

parallel to the centerlines of the terminals.

this value to verify conformance to the Acceptance Criteria of Figure 5.2.1.4.

2.
testing.

3. Engage th
applied pa
critical to 4

4. Record thg

5.
be applied

6.

7.

8.

Disengage the mated terminals at a uniform rate not to exceed 50 mm/min. The force shall
Repeat Steps 3 & 5 nine (9) more times and record the 10" disengage force reading. Use

Repeat Steps 2-6 for each pair (one male and one female) of sample terminals.
(Optional) Repeat Steps 2-7 except use the applicable gage in place of the Male Terminals.

Use new Female Terminals. The applicable gage is to be of polished steel made to within
.01 mm of nominal. Surface finish must be at least .076-.305 micro meters (3-12 micro
inches). Polish direction must be parallel to the blade/pin length. Test the additional 10
production Female Terminal samples to determine the force correlation between polished
gage and actual samples.
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5.21.4 Acceptance Criteria

Complete the Visual Examination per section 5.1.8

GAGE

TERMINAL (Optional) ACTUAL PART
Size Engage Disengage Engage Disengage
(mm) Type Max.(N) Min. (N) Max. (N) Min. (N)
0.64 | Square Post * * % *
1.50 | Blade * * * %
2.80 | Blade * * * *
6.35 | Blade * * * %

NOTE: A "+" denotes values to be inserted by the Authorized\Person pending des|gn completion

and prototype

5,22 Tern

5221 Pu

This test chec
breakage durif
size selected (
Since terminal
direction, only
each of three (

rpose

evaluation.

Figure 5.2.1.4: Engage/Disengage Forces

ninal Bend Resistance

s for at least aminimum level of terminal strength so as to resist bg
g crimping, @assembly, or service. Insufficient bend strength for the
an lead to‘a-high incidence of terminal damage during the assembl
material\thickness varies so widely, and the bending force can be &
minimum values have been assigned to this test. Actual bending fo
lirections are recorded and it is then up to the Authorized Person to

results and de

nding or
conductor

y process.
pplied in any
rce values in
evaluate the

ermine the si |i’r2hi|i’ry of the tested terminal for its intended nlnlnlir-n’ri

n.

Note: This test is not applicable to terminals where the wire attachment is at 90° to the direction

of insertion.

5222 Eq

uipment

= Special steel mounting fixture(s) appropriate to the terminal(s) under test.
= Linear Force Tester with peak reading feature or weights per figure 5.2.2.4.
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5.2.2.3

Procedure

1. From Figure 5.2.2.3-1, determine which design style most closely resembles the terminal

under test

(TUT).

Location “1"\ XLocation 2"

T

R

2. Prepare te
smallest g4
terminal to
Style "B" t4

applicable
4. Number e3

NOTE: Use at
5. Mount the
5.2.2.3-2.

to the design.
ch terminal.

STYLE "A"

Location "1"

STYLE "B"
Figure 5.2.2.3-1: Terminal Design Style
rminal samples per section 5.1.6, Terminal Sample Preparation, usi
hge size conductor with the thinnest insulation applicable to the des
be tested. For Style "A" terminals, prepare a taotalof at least 15 samples. For

brminals, prepare a minimum of 30 terminals, ih.order to test both bé
3. Repeat Step 2 except use the largest conductor gage‘size with the thickest ing

least 5 new samples for each test'sequence (Steps 6 - 9).

TUT in a fixture taking care-that location "1" is positioned as shown

ng the
gn of the

bnd locations.
ulation

in Figure

L Steel
Fixture
TUT

Figure 5.2.2.3-2: Terminal Bend Test

6. Apply force to the sample as shown in figure 5.2.2.3-2, then release. The required forces by
material thickness are listed in table 5.2.2.4.
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7. Inspect thq
any signs

Terminal Material Applied Force

Thickness (mm) (N)
<0.20 4.0
<0.30 10.0
<0.40 15.0
>0.40 20.0

Table 5.2.2.4: Material Thickness vs. Applied Bending Force

area around the bend using at least 10X magnification. Note in the test report
pf metal cracking or tearing. Straighten the terminal to its original paosition and re-
inspect thg terminal for cracks.

8. Select a new batch of at least 5 samples and mount them in the test fixture with the terminal

rotated 18

D° from the position shown in Figure 5.2.2.3.2. Repeat Steps —5-7.

9. Select a ngw batch of at least 5 samples and mount them in the test fixture with the terminal

rotated 90
are typical
directions.
ways. Con
For termin
such that |

10.

5.2.24 Ac

The TUT must
original positig
position.

5.3 TERMI

531 Dry

from the position shown in Figure 5.2.2.3.2. Repgat Steps —5-7. Si
vy symmetrical in this "side to side" direction, it is(hot necessary to te

sult the Authorized Person for guidance in-this regard.
b| style "B" designs (Figure 5.2.2.3.1), repeat Steps 5 - 9 with each ]
pcation "2" is firmly retained at the edge of the fixture.

ceptance Criteria

n during the test, it must not tear or crack when straightened to its @

NAL - ELECTRICAL TESTS

Circuit Resistance

hce terminals
st both

If the TUT is not symmetrical in this direction;it may be necessary fo test both

FTUT mounted

not tear when subjected.tfo the applied force. If the TUT was bent from its

riginal

53.1.1 Pu

rpose

This test determines the combined resistance of the two conductor crimps (or single crimp in the
case of a Header Connector) and the contact interface of a mated terminal pair under low
energy conditions. Since it tests for the presence of thin insulating films that may have
developed on the contact surfaces during field service or environmental type stress tests, it is
important that no other electrical test be performed on the samples prior to this test.
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5.3.1.2

Micro-ohmmet

5.3.1.3

NOTE: Take ¢

Equipment

er

Procedure

re to avoid any mechanical disturbance of mated terminal sample

this test. Such
contact surfac

NOTE: If for a
their mated co
Authorized Pe

NOTE: If the s
test, the purpg
contacted for 4
1. Prepare 2(
Sample Pr
applicable
Do NOT m
directed in
their conne
Measure a
For tests u
and measly

NOTE: For att
measured and

4. Choose th

disturbance could rupture any insulating film which may have deve
£S.

Ny reason the terminals, when submitted for this test, are already co
nnector housings, do not disconnect them unless otherwise directeq
rson. For terminals in mated connector housings, omit.steps 1 and §

amples submitted for this test have already been’subjected to any g
se of this test has likely been defeated and therAuthorized Person n
pproval before proceeding.

(at least 10 male and 10 female) terminal samples per section 5.1,
eparation, using the largest gage size conductor and insulation thick
to the design of the terminal to be tested.

ate the terminal pairs until afterthe millivolt leads have been attach
Step 5. For terminals that liave been subjected to prior testing, do 1
bctor housings or remove any terminal from its housing.
nd record the resistance across 150mm of the conductor to be used
sing a Header terminal as one half of the test connection, refer to S
re only 75 mm (recommended length for most applications) of the ¢

bchment points exceeding 75mm per side, the extra wire resistance
subtracted per step 8. Record the conductor resistance.

b preférred method of taking measurements (e.g. soldered sense le

submitted for
oped on the

ntained in
| by the
b - 7.

ther electrical
nust be
6, Terminal

ness

bd, as
ot disconnect

for the test.
ection 5.1.5
onductor.

shall be

ad or probe)

and docun

ent the method chosen. In either case, the sense point T4 (Figure }

p.3.1.3) must

be soldered for all stranded cable. For Header type connectors, T, is attached to the
Header terminal per Section 5.1.5. All millivolt leads must be no larger than 0.22 mm? (24

AWG).
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T1 Tz
M le— Pl
T 75+ 3 mm Y s s 3mm

Figure 5.3.1.3: Typical Connection Resistance Millivolt.Lead Locatjons

5. For purpoges of this test, the Male Terminal must be inserted-{0 a precise depth into the
female. Standard practice is that, in the worst case, there must be at least 1mm of excess
insertion between the rearmost contact point with the Female Terminal and the start of any
lead-in tapger on the Male Terminal, as illustrated in Figure 5.3.1.4. This dimension is to be
calculated [from the terminal drawings by the Autherizéd Person, taking into agcount the
worst-casq tolerances. Each Male Terminal is to be suitably marked so test pgrsonnel can
make the ¢ne and only mating of the test terminal pairs to the correct depth. Sgore marks or
any other marking that might introduce contaminants or alter the strength or conductivity of
the Male Tlerminal or the interface are not.permitted.

SINGLE SPRING MEMBER EXAMPLE

Female Terminal

/
¥
T
r T A Male Terminal
5T
| \\\\\\:i.’ Entr}ﬁEnd
1.0mm <
TN Point of contact
Nearest entry end

— Start of Taper

MULTIPLE SPRING MEMBER EXAMPLE

Female Terminal ——————— Leaf Sp!iﬂgﬂ
f}’ TR

Male Terminal —— > - Y —d
ﬂ'?‘f A A
Entry End —F
<«—» 1.0mm

minimum

Point of contact
Mearest entry end

Start of Taper

Figure 5.3.1.4: Terminal Insertion
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Prior to mating the test terminal pairs, provision must be made for mounting them on an

electrically non-conductive surface in such a manner that the mechanical stability of the
male to female interface can be maintained.

Carefully mate the test terminal pair to the appropriate depth, as specified in Step 5 above.

Use caution to assure that mating is done along terminal centerlines to prevent side
pressure that may distort either terminal. Secure the TUT to the mounting surface so that
the correct insertion depth is maintained throughout the test.

Using the appropriate equipment, measure and record the resistance between T, and T,, as

shown in Figure 5.3.1.3. Then deduct the conductor resistance to find the total connection

Dry Circuit

9. Verify conf

Note: Both init
are for infd
to computd

5.3.1.4 Ac|

The Total Con

section 5.3.2.4.

For connector
while in the “si
purpose of the

5.3.2 Volt

53.21 Pu

This test dete

crimp(s) and
used to calcul

5.3.22 Eq
= Digital Mul
= DC Power
= Current sh

resistance.
ormance to the Acceptance Criteria of Section 5.3.1.4.

al and after test dry circuit resistance measurements are suggested
rmation only and do not have pass/fail requirements. These values
 resistance change.

ceptance Criteria

hection Resistance calculated in Step 8.must not exceed the values

5 with Shorting Bars, the change in connection series resistance of |
norted” position shall be <40m&:” Other requirements may apply de
shorting circuit.

age Drop

pose

ines‘the voltage drop associated with the electrical resistance of t

. Initial values
can be used

listed in

both contacts
bending on

he conductor

ntact interface regions at nominal current conditions. This voltage

uipment

timeter (DMM)
Supply (0-20 VDC @ 0-150 A)
unts

Hrop is then
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5.3.2.3 Procedure

Prepare 20 (at least 10 male and 10 female) terminal samples per section 5.1.6, Terminal
Sample Preparation, using the largest gage size conductor and insulation thickness

applicable to the design of the terminal to be tested.
Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 if not already
performed on the sample set.
For purposes of this test, the Male Terminal must be inserted to a precise depth into the

female. Standard practice is that, in the worst case, there must be at least 1mm of excess

insertion b
lead-in tap
calculated
worst caseg
make the f

either term
unsealed,
testing. Th
collected f
Prior to m4
electrically
male to fer
Carefully ny
Use cautio

Dr various terminals.

hale interface can be maintained:
nate the test terminal pair to the-appropriate depth, as specified in

btween the rearmost contact point with the Female Terminal and the start of any
er on the Male Terminal, as illustrated in Figure 5.3.1.4. This dimension is to be
from the terminal drawings by the Authorized Person, taking-into account the

tolerances. Each Male Terminal is to be suitably marked.so test personnel can
nal mating of the test terminal pairs to the correct depth. Score marks or any
other marking that might introduce contaminants or alter the-sttength or condulctivity of
inal or the interface are not permitted. Do not use the connector hoysings, even

o control terminal insertion since the housings:will alter heat dissipe
s will compromise test repeatability and will\invalidate comparisons

ting the test terminal pairs, provision must be made for mounting th
non-conductive surface in such a-manner that the mechanical stab

n to assure that mating is .done along terminal centerlines to preven

N

tion during
of data

em on an

lity of the

ep 4 above.
side

pressure that may distort either terminal. Secure the TUT to the mounting surface so that
the correctinsertion depth is maintained throughout the test.

Assemble the test circuit showniin Figure 5.3.2.3, Current Resistance Test Se
the power supply to provide ‘the required test current of 5A per square millimet
conductor gross section forthe conductor selected in Step 1. Refer to SAE Stg
and J1128[or USCAR=23 for the cross sectional area of the conductor selecteq
one terminal pair may be tested in series. Refer to Figure 5.3.1.3: Connection
Millivolt Lepd Locations, for placement of the millivolt test leads. Record the te

used.

-Up. Adjust
er of

ndards J1127
1. More than
Resistance

5t current
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Current
Shunt

DC Power Supply

7. Measure a
type to be
Header typ
mm of the

NOTE: For att
measured and

T4

g 3 W HH] EEF ¢ Y

4+— |
752 mm 752 mm

Figure 5.3.2.3: Typical Current Resistance Test Set-Up

nd record the millivolt drop across 150mm of'the conductor size ang
used during the test, using the test current-determined in Step 6. Fg
e connectors, refer to Section 5.1.5 and*measure the millivolt drop
conductor used.

hchment points exceeding 75+/~3mm per side, the extra wire resistg
subtracted per step 10.

b preferred method of taking measurements (soldered sense lead o
the method chosen:In either case, the sense point T, (Figure 5.3.1
r all stranded cable. For Header type connectors, T, is attached to
br Section 5.1:5.-All millivolt leads must be no larger than 0.22 mm?

ver supply forthe current determined in Step 6 and wait 30 minutes|
the test'Current stabilizes at the appropriate value. Allow sufficient

other test ¢quipment to warm and stabilize per the manufacturer's recommend

8. Choose th
document
soldered fd
terminal pd

9. Set the po
ensure tha

10.

Using the testselrfent determined in Step 6, measure and record the millivolt d

insulation
r testing
across only 75

nce shall be

r probe) and
.3) must be
the Header
24 AWG).
minimum to
time for all
ations.

rop (mVD)

readings between test points T4 and T,. Use these values in the equation belg

w to calculate

the voltage drop across the entire connection, including the crimp(s) and terminal interface.
In the case of Header type connectors, T, is attached to the "tail" of the Header Connector
per Section 5.1.5.

mVD Entire Connection = mVD (T4 - T,) - [mVD Conductor (Step 7)]

Total Connection Resistance = mVD Entire Connection + Test Current

Use these results to verify conformance to the Acceptance Criteria of Section 5.3.2.4.

NOTE: These values apply to both before and after environmental conditioning such as
Thermal Shock, Temperature/Humidity Cycling, etc. or on field samples.

-28 -



https://saenorm.com/api/?name=c939151af11c62e8bf664caa94f3e032

SAE/USCAR-2

Revision 5

Revised 2007-11

PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

53.24 Ac

NOTE: The "A
5.3.2.3 less th
— tail” (T4 to T4

Note: Values
Terminal sizeg
terminals shal
Resistance ex

5.3.3 Max

ceptance Criteria
Nominal Total
Male Connection
Terminal Resistance (mQ)
Size Maximum®®
0.64mm 20.0%)
1.5mm 10.0
2.8mm 5.0
6.35mm 1.5
> 6.35 1.5

™" As defined by the male blade portion (width}:of the TUT

A: Definitions)
® 1mQ = 1mV/A
@) Maximum allowable mVD = 50

Figure 5.3.2.4: Maximum resistance Values

\fter Test" values are for "crimp - to-="crimp" measurements (T4 to T
b appropriate conductor resistance). For headers, the values are th
in Figure 5.1.5) less the appropriate conductor resistance).

for other terminal sizes between 0.64 and 6.35 are calculated by int
outside of this rangé.are usually for specialized use. The requirem
be set by the Responsible Engineer. In no case may the Total Con
ceed 20 mQ.

mum Test Current Capability

5.3.31 Pu

) 10mQ Max for terminals with precious métal"contacts. (s6

be Appendix

in Figure
e “crimp —to

brpolation.
ents for these
nection

rpose

This test is used to determine the maximum test current at which a terminal system can operate
in a Room Temperature environment before excessive thermal degradation and/or resistance
begins to occur. Temperature Rise (Y axis) vs. Current (X axis) shall be plotted for each
applicable conductor size. These graphs are NOT to be used for actual terminal application in a
vehicle (see Appendix F). This test is conducted on terminals alone, thus eliminating the
variation that may be introduced by variations in the heat dissipating characteristics of differing
connector housing designs and sizes.

NOTE: A draft free environment is necessary to get accurate measurements.
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5.3.3.2

4338030

1.

Digital Mult

Equipment

imeter (DMM)

DC Power Supply (0-20 VDC @ 0-150 A)
Current shunts (Size as required, + 1%)
Thermocouples (Type "J" or "T")

Data Logger (As required)

5.3.3.3 Prlcedure

Prepare 2(
Sample Pr
applicable
Complete

performed
Measure a
test, using
conductor

Assemble
terminal p4
or probe) 3
5.3.1.3) m
pairs to for
as shown i
high tempe

eparation, using one of the conductor gage sizes and insulation thig
to the design of the terminal to be tested.

on the sample set.
nd record the voltage drop across 150mm of the conductor to be us|
the expected Maximum Current Capability, of the TUT in combinatio
Size and insulation type. For testing Header type connectors, refer t
5.1.5 and measure the millivolt drop across only.¥5mm of the conductor used.
the circuit shown in Figure 5.3.3.3;ifYa draft free enclosure. Use at |

st be soldered for all stranded cable.
m one continuous series circuit and attach the thermocouples to ea
n Figure 5.3.3.3. Attach. the circuit to a non-conductive surface, suc
rature plastic, leaving a minimum of 50 mm between test samples.

(at least 10 male and 10 female) terminal samples per segtion 5.1,

he Connector and/or Terminal Cycling procedure/pér section 5.1.7

irs. Choose the preferred method of taking measurements (soldere
nd document the method chosen. In either case, the sense point T
Attach conductor ends of th

Power .Supply
I:I Current

Shunt

[—— DMV
5@ o280 O
—

00 @&

——=Thermocoup les.

Millivolt :
Leads °
! S— v
| |
S | i | S | _
Terminal Pair # —«—— Non-conductive

Mounting Plate

Figure 5.3.3.3: Set-Up for Maximum Test Current

6, Terminal
knesses

f not already

ed for the

n with that

b Section

past 10

d sense lead
, (Figure

e
ch mated pair
h as wood or

terminal
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No

Test the sample terminal pairs at 23°C +/- 5°C (Room Temperature). The ambient
temperature sensor must be placed on the same plane as the test samples, 30 to 60 cm
from the nearest sample.

Adjust the power supply to zero amps output and then turn on the supply and the DMM's.
Slowly increase the power supply output until it is providing no greater than 50% of the
expected Maximum Current Capability of the TUT.

Wait at least 15 minutes for the circuit temperature to reach Steady State. Then record the
ambient temperature, the temperature of each terminal pair interface, and the millivolt drop
across each terminal pair (T, to T, in Figure 5.3.1.3, less the millivolt drop of the conductor

Increase

the TUT &
Repeat S
Continue

Capability
For samp
conditions

10.
11.

12.

as detern]

he current by no more than 10% of the expected Maximum Current
nd repeat Step 8.
ep 9 until 80% of the expected Maximum Current Capability_of the 7

of the TUT, repeating Step 8 after each incremental increase.
es to be used in subsequent tests, repeat Step 11.until one of the ft
OCCUrs:

a. The teqperature of any terminal interface exceeds a:65°C rise over ambie

b. The Tqg
Accept
The maxi
conductof
an exact (
condition
As an opt
used in sy
Maximum|
samples ¢
statistical
Repeat S
TUT.
Graph the
conductor

13.

14.

15.

16.

NOTE: That th

tal Connection Resistance of any terminal interface exceeds the "Af
ance Criteria listed in Section 5.3.2.4.

mum test current of the specific combination of the terminal and the
gage and insulation type used is then determined to be the current
br interpolated value of 55°C rise in'the first increment in which eithe
described in 12 a or 12 b abové.was achieved, less 10% of that vall
onal step, at the discretion ofthe Authorized Person for samples th
ibsequent tests, continueto increase the current in steps of 5% of tf
Current Capability of the”TUT until the thermal stability of any one ¢
an no longer be achieved. Data from this test to failure step may be
purposes or for estimating safety margins.

eps 1 — 13 or 14-for each conductor size and insulation type applicg

data withtemperature on the Y-axis and current (in amps) on the X
sizes<and insulation types tested.

Ined In step o). I'hen calculate the resistance of the terminal palr interface.

Capability of

[UT is met.

to increase the current in increments of 5% of the expected’Maximum Current

bllowing

nt.
ter Test"

wire
that produces
r the
Ie.
at will not be
e expected
DI more
useful for

hble to the

-axis for all

the TUT, see

issdata is NOT to be used as guidance for any actual application of

APPENDIX F.

5.3.3.4 Acceptance Criteria

Used to establ

1.

ish "Maximum Test Current" for the TUT:

55°C rise over ambient minus 10% of that current = Maximum test current or:
2. The current at which any sample exceeds the "After Test" Acceptance Criteria of Section

5.3.2.4. mi

nus 10% of that current = Maximum test current.

The current required to raise the measured or interpolated temperature of the terminal to
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5.3.4

5.3.41 Pu

1008 Hour Current Cycling

rpose

This test simulates the main function of the terminal over the expected life of the vehicle.
Current cycling is an accelerated aging test which electrically heats terminal interfaces and core

conductor crimps, then allows them to cool under no current conditions, causing expansion and

contraction that may affect connection resistance due to wear, oxidation, inter-niefallic growth

and stress relaxation.
5.3.4.2 Equipment

= Digital Multimeter (DMM)

= DC Power|Supply (0-20 VDC @ 0-150 A, timer controlled)

= Current shunts (Size as required, £ 1%)

= Thermocouples (Type "J" or "T")

= Data Logger (As required)

5.3.4.3 Procedure

1. Prepare 6( (at least 30 male and 30-female) terminal samples per section 5.1.6, Terminal
Sample Preparation, using one of the conductor gage sizes and insulation thigknesses
applicable [to the design of the_terminal to be tested.

2. Attach the [millivolt leads in_positions T1 and T, as shown in Figure 5.3.1.3. ForfHeader type
connectorg, T, is attached\to the Header terminal per Section 5.1.5. All millivolf leads must
be no larggr than 0.22 mm? (24 AWG).

3. Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 |f not already
performed|on the.sample set.

4. Measure and récord the voltage drop across 150mm of the conductor to be used for the
test, using|thie,maximum test current previously determined (Section 5.3.3.3, Step 13) for
the combirtatiomofthatconductor-size,insutationtypeand-theTUT+Fortesting Header type

connectors, refer to Section 5.1.5 and measure the millivolt drop across only 75mm of the

conductor

used.

NOTE: For attachment points exceeding 75 mm per side, the extra wire resistance shall be
measured and subtracted per step 10.

5.

Assemble the circuit shown in Figure 5.3.3.3 in a draft free enclosure, except use a timer

controlled power supply. Set the power supply to provide 45 minutes 'ON' and 15 minutes
'OFF' at the maximum test current previously determined (Section 5.3.3.3, Step 13) for the
combination of that conductor size, insulation type and the TUT. Also connect a data logger
to the voltage drop and thermocouple leads.
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Test the set of sample terminal pairs at 23°+/- 5°C. (Room Temperature). An ambient

temperature sensor must be placed on the same plane as the test samples, 30 to 60 cm
from the nearest sample.

® N

Turn 'ON' the power supply, DMM's, and data logger.
After 30 minutes into the first 'ON' cycle, record terminal crimp and interface millivolt drop

readings (T4 to T, in Figure 5.3.2.3) as well as thermocouple readings for each terminal pair.

Cycle for 1008 hours taking readings at least once daily or as specified by the test

request/order, 30 minutes into the 'ON' cycle, and at the conclusion of the test, 30 minutes
into the final "on" cycle. mV drop readings should be taken at maximum test current.

10.

5.3.44 Ac

1.

2. The calcul
Criteria in

5.4

5.4.1

5411 Pu

This test is to

than the colun

For each s
the condud
and dividin
11. Allow the 4
12. Verify conf

The tempeg
time during

CONNIJ

Tern

et of data, calculate and record the Total Connection Resistance by
tor millivolt drop reading (Step. 4) from the T4 to T, millivolt drop red
g the result by the test current (Step 5).

amples to cool to ambient, then complete the Voltage Dropdest seq
ormance to the Acceptance Criteria of Section 5.3.4.4.

ceptance Criteria

rature of any terminal interface must not exéeed a 55 °C rise over a
the test.

pted Total Connection Resistance must not exceed the "After Test"
he table in Section 5.3.2.4 for any. data set.

ECTOR - MECHANICAL TESTS

ninal - Connector-lnsertion/Extraction Force

rpose

bnsure that the Insertion Force of a terminal into its connector cavity
n_sirength of its associated conductor and is also low enough to all

subtracting
ding (Step 8)

tion 5.3.2.

mbient at any

Acceptance

is not greater
bw easy and

consistent pro

A R . e \ , Y : .
ductiomassembty—Extractiontestingistoensure-thattheterminat+s retained in

its housing with sufficient strength to withstand the rigors of the wiring harness and vehicle
assembly processes.

5412 Eq

uipment

= Insertion/Extraction Force Tester with Peak Reading Feature
= Temperature/Humidity Chamber capable of 95 to 98% RH at 40°C
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5.4.1.3 Procedure

A. INSERTION FORCE:
Un-sealed Connectors and Sealed Connectors with Individual Cable Seals

1. Prepare terminal samples per section 5.1.6, using the largest gage size conductor and
insulation thickness applicable to the design of the terminal to be tested. For connectors
with 1q or more terminal cavity locations, use a minimum of 3 connectorshgusings and
prepare at least one terminal for each cavity location. Test each terminal cavity location
in the CUT at least once. For connectors with 4 ~9 terminal cavity logations, use a
minimym of 3 connector housings and prepare enough terminal samples t¢ test each
cavity lpocation in each CUT. For connectors with 3 terminal cayity locations$ use a
minimym of 4 connector housings and prepare enough termifial samples t¢ test each
cavity lpcation in each CUT. For connectors with 1 or 2 cavity locations us¢ enough
connegtor housings to obtain at least 10 data points and test all cavity locations an equal

number of times. See table 5.4.1.3.1
Note: Use thegse sample sizes and cavity requirements for‘insertion, extraction, fofward stop,
and after condjtioning force measurements.
# of Terminal Minimum # Minimun# of Cavity Locations Minimum # of
Cavity Locations of CUTs Terminal\Samples Tested Data Points
10 of more 3 = # of Terminal Cavity Each location at least = #|of Terminal Cavity
kocations once Locations
4109 3 = #0of Terminal Cavity Each location 3 times = #|of Terminal Cavity
Locations X # of CUTs or =# of CUTs or Lochtions X # of CUTs
Each location an equal
number of times
3 4 = # of Terminal Cavity | Each location an equal 12
Locations X # of CUTs number of times
2 5 10 Each location an equal 10
number of times
1 10 10 Each location an equal 10
number of times
Table 5.4.1.3.1

2. Repeat Stel:p 1\using the smallest conductor size and insulation type applicabIT to the

design.

3. Number each connector terminal cavity and, if applicable, each connector.

4. Secure the connector shell in an appropriate fixture.
5. Secure the terminal sample in the force tester by gripping the conductor a minimum of

20mm behind the insulation grip.

6. Adjust the force tester to insert the terminal straight into the connector at a uniform rate not
to exceed 50 mm per minute. Upon reaching the forward stop, continue applying force until
a minimum 50N of force is exerted or the wire buckles. Use a fresh terminal sample for
each insertion and test each terminal cavity location until all terminal samples prepared in
step 1 have been used.

7. Record the force required to insert the terminal into the connector for each terminal sample
to be tested and verify conformance to the Acceptance Criteria of Section 5.4.1.4.
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8. Repeat Steps 4 - 7 using the set of samples with the smallest conductor size and insulation
type. Itis not necessary to test the forward stop function per step 6 with the small gage

samples.

Connectors with Multi-Cavity (Mat) type seals

1.
2.
3

Complete steps 1 — 3 above, except prepare at least one additional set of samples.
Complete steps 4 and 5 above.
Adjust the force tester to insert the terminal straight into the connector at a uniform rate not

to exceed

terminal ca
applying fq
sample leg
distortion d
For conne
the first co
been used

b0 mm per minute. USE a iresh terminal sample for each insertion and test each

hnector has been tested and continue until at least<0 terminal sam

Use the extra set of samples prepared in Step 1 above. Using the force tester

above, loa
inserted. B
located as
number, th
Record the
tested and

j each terminal into a separate cavity without-removing samples pre
erform the test in such a sequence that the last cavity to be tested i

e Insertion Force and the order in which the cavities were tested.

verify conformance to the Acceéptance Criteria of Section 5.4.1.4.

Repeat St

ps 4 - 5 using the set of samples with the smallest conductor size 3

type appropriate to the design.

. EXTRACT

Prepare te

ON FORCE:

rminal samples ‘per section 5.1.6, using the largest gage size condu

insulation {hickness applicable to the design of the terminal to be tested. For g

with 10 or
prepare at
the CUT a

more terminal cavity locations, use a minimum of 3 connector housi
least one terminal for each cavity location. Test each terminal cavity
leastience. For connectors with 4 ~9 terminal cavity locations, use

vity in the connector at least once. Upon reaching the forward stop|, continue

rce until a minimum 50N of force is exerted or the wire buckles, “Each test

d may be removed after its cavity is tested. This is to preventpossible seal

r compression that might affect test results if neighboring seal holes remain filled.
Ctors with less than 10 cavities, use a new connector after each terminal cavity in

bles have

as in Step 3
viously
5 as centrally

possible. In addition to the data required'in Step 5 below, record the¢ cavity

force required to insert the terminal into the connector for each terminal sample

nd insulation

ctor and

onnectors

hgs and
location in

a minimum of

3 connectd

rchgusings and prepare enough terminal samples to test each cavit

y location in

each CUT.For connectors with 3 terminal cavity focations use a minimum of 4 connector
housings and prepare enough terminal samples to test each cavity location in each CUT.
For connectors with 1 or 2 cavity locations use enough connector housings to obtain at least

10 data po

ints and test all cavity locations an equal number of times.

See table 5.4.1.3.1

Solder may be added to terminal crimps to assure accurate extraction readings. Connectors
are to be tested in “dry as molded” condition and should be protected from high humidity
and heat levels between the time they are molded and the time they are tested.

Number each connector terminal cavity in each connector housing so there are no duplicate

cavity num

bers among the housings used.

Install a terminal sample into each cavity in the connector being tested. For connectors with
less than 10 cavities, use a new connector after each terminal cavity has been tested and

continue until all 10 terminal samples have been used. Do not install the terminal lock (PLR,
TPA, Wedge, etc.).
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4. Secure the connector shell in an appropriate fixture.

5. Secure the terminal sample in the force tester by gripping the wire behind the back edge of
the terminal.

6. Adjust the force tester to pull the terminal straight back from the connector. Straight back
extraction is critical to avoid side loads and binding which can affect force measurements.
Increase the pullout force at a uniform rate not to exceed 50mm/min, until pullout occurs.

7. Record the force required to pull the terminal out of each terminal cavity along with the
cavity number and the connector number. If the conductor breaks or pulls out of the terminal
grip before the terminal is pulled from the connector, record this force together with a note
as to what[happened-

8. Verify that|the forces obtained in Step 7 above conform to the Acceptance,Criteria of
Section 5.4.1.4 for each cavity tested.

9. Using an gdditional set of new (moisture conditioned *) connectors, repeat Steps 1-8 above

except insfall the terminal lock (PLR, TPA, Wedge, etc.). Begin the €xtraction fest after one
hour at ambient condition. Complete the test within eight hours of beginning the extraction
testing.

Note: Sam
storage) b{
In any cas

ples may be sealed in non-moisture transferable)plastic (Zip-lock ty
hgs after moisture conditioning if the testing cannot be completed w
b testing must be completed within 24 hrs ofimoisture conditioning.

be food
thin 8 hours.

*Parts are broyught to their practical limit of moisture-content by exposing “dry as molded parts”
to 95-98% Relative Humidity at 40°C for 6 hours'followed by one hour at room ampient
temperature apd humidity.

5.4.1.4 Accpptance Criteria

Insertion:

1. The maximum Insertion -Force for a terminal is 30 Newtons.

2. Neither thg conducton nor the terminal may buckle during the test.*

3. The forwand stopmust withstand a push-through force of 50N or the column sfrength of the
largest applicable’conductor size, whichever is smallest.

4. The Forwdrdstop must withstand a force greater than the force required to ingert the

terminal into its cavity.

Note: The column strength of the wire is defined as the point where the wire buckles.

Note: Where wire buckling and operator sensitivity cause problems in obtaining test
repeatability, terminals may be crimped to a gage pin or other metal dowel material and used to
measure terminal insertion or forward stop push through. Samples prepared in this manner
require additional connector samples and cannot be used for terminal to connector extraction
tests.

*The following alternative method of verifying insertion effort and forward stop strength
requirement may be used as necessary: Cut the wire off the CUT near the insulation grip and
use a rod with a diameter similar to the cut off wire. Push directly on the wire stub.
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Extraction:

The minimum Extraction Force of a terminal from its cavity shall meet the values shown in the

table 5.4.1.4:
Primary and Secondary Lock?
(Newtons) per step Primary and
Terminal Max. Blade | Primary Lock 5.4.1.3.-B 9,10. Secondary Lock
o . (Newtons) after
Size Width (mm) (Newtons) .
N N ¢ After Nemp/Humidity
Moisture (pection 5.6.2)
Conditioning
0.64
1.2 30 60 50
1.5 1.8 45 70 50
2.8 3.0 60 90 50
6.3 6.5 80 120 50
9.5 9.7 100 150 50
>9.5 >9.7 100 200 50
Table 5.4.1.4: Terminal-Connector Minimum Extraction Force
' USCAR terminal sizes. Use maximumm blade width to determine minimum extracfion
requirement
2 Includes conhectors not designed for use with secondary lock.
Note: Following is the purpose for the various values of terminal extraction force.
e Primary lock only:(minimum value) is a harness manufacturing requirement.
e Primary and sécondary lock (minimum value) is a vehicle assembly requirement.
o After tgmperature humidity cycling (minimum value) is an end of life requirgment.

5.4.2

5.4.21 Purpose

Connector-Connector Mating/Unmating Force (Non-mechanical Assist)

This test determines the mating/Un-mating Forces associated with manual mating and un-
mating of complete connector assemblies. Mating Forces are an important consideration in
determining the suitability of a given connector design for use in production. Un-mating Forces
are important in determining serviceability of the design and ensuring the connection will stay
mated for the service life of the vehicle.
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5.4.2.2 Equipment

= Insertion/Extraction Force Tester.

5.4.2.3 Procedure

A. MATING FORCE

1. Using any fapplicable conductor size and insulation type, prepare enough/samples of male
and Female Terminals to fully populate a minimum of 15 connector assémblie$ per section
5.1.6, Terminal Sample Preparation. (atleast 15 male and 15 female-halves)

2. Completely assemble (but do not mate) all connector halves (both. male and fgmale) using
all applicalble components such as terminals, wedges, and seals:

3. Number egch connector assembly.

4. Secure thg connector halves (one male and one female) in¢the appropriate fixtures of the
force testef. Adjust the force tester to insert the Male Connector straight into the Female
Connector| Straight-in engagement is critical to avoid, side loads and binding which can
affect forcg measurements.

Force -
(Lock Overtravel)

{Forward Stop Contacted)

Decreasing

Combined Mating
Forees of Seal, 4\ Force Value
Lock, Terminals
. : B | I {Lock-up Oecurs)
M L I |
| o (Recoprizabe Trave
8 | Distance)

(Totul Distance of Travel)

Figure 5.4.2.3: Typical Connector Mating Force Curve

NOTE: If appropriate equipment is available, a continuous graph of applied Mating Force vs.
Insertion distance is highly recommended. A properly designed connector (and sealing system
where applicable) should produce a graph showing a smooth rise to a single peak force, then a
fall off until the connector is fully mated. If the graph shows more than one force peak, the
potential for a false lock condition exists.
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5. Increase the Mating Force at a uniform rate 50+/- 10mm/min. until complete mating occurs.
Test all samples.

6. Record the force required to completely mate each set of connector halves into their locked
position and use these values to verify conformance of each connector pair to the
Acceptance Criteria of Section 5.4.2.4.

B. UNMATING FORCE

1. Prepare an additional 15 connector pairs by mating the male and female connectors. This
test will be[conducted without terminals or wires .

2. Five sampl|es are to be tested with the connector primary locking mechanism-(without CPA)
fully engaged. For this group, completely un-mate the connector halves by‘applying a
uniform forice parallel to the centerlines of the fully mated connector halyves. The force tester
must be cagnfigured to apply the Un-mating Force directly to the connector halyes. Straight-
out un-mating is critical to avoid side loads and binding which canyaffect force
measurements. For connectors with lock arms that protrude@above the protegtive ribs and
have no protective bridge, run this test with the lock arm deflected to make it Igvel with the
protective fibs.

*** CAUTION 71**

The following
must be emplq

step will result in sample breakage. Adequate shielding and personr
yed to ensure the safety of persons and property in the vicinity of th

el safeguards
e test.

3. Increase the Un-mating Force at a uniferm rate not to exceed 50mm/min. until[complete
separation|occurs. Test all samples-in-the first group.

4. Record theg force required to completely separate the connector halves and veyify
conformanice to the Acceptanee Criteria of Section 5.4.2.4.

5. Repeat Steps 2, 3 and 4 abave using 5 samples except completely remove/digable the
primary cohnector locking mechanism(s).

6. For the remaining 5 samples , apply a force of 70N to the lock mechanism and

attempt to [un-matethe connection. This force is applied at the appropriate po

the mated ¢onnegctor halves (or a connector mated to a device) could be unma
intended mannerdith no damage to any component. Note whether the connec

nt such that
ed in the
tion can be

successfully|unsmated. Record results and verify conformance to the appropria‘e

Acceptance Criteria of Section 5.4.2.4.
Note: substitute force values from the part drawing when available.

5.4.24 Acceptance Criteria

NOTE: The maximum mating effort is meant to simulate assembly in a vehicle when the
assembler's body position and access to the connector being mated is not physically restricted.
This specification will cover most operations, but not all conditions of vehicle assembly and

connector location can be anticipated.
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NOTE: The forces specified in the Acceptance Criteria must be met regardless of the moisture
content of the connector housing material. Consult the test request/order to determine if any
conditioning of the test samples is required prior to testing.

NOTE: The acceptance criteria of this section varies with the available contact (grip) area of the
connector being tested. Reference SAE/USCAR-25 Electrical Connector Assembly Ergonomic
Design Criteria for details of the acceptance criteria.

1. Mating (engage) force shall meet the requirements of SAE/USCAR-25.
Un-mating[Force must be < 75 Newtons with the primary connector lock completely
disengagef/disabled.

3. Un-mating|Force must be > 110 Newtons with the primary connector lock\fullylengaged. A
CPA devicp, if provided for, must NOT be engaged during this test.

4. The force o completely disengage the primary connector lock must.meet the yalue shown
on the part print. If no value is given, the force to disengage thedatch is < 70N without the
CPA engaged in its fully seated position.

Note: Conneclor designs where it is difficult to apply pressuredo'the latch while urf-mating the
connectorg it is permissible to visually confirm the latch will clear the locking fgature with
70N appligd to the locking provision.

54.3 ConEector to Connector Mating and Un-mating Forces (Connectors with
Mechjanical Assist)

5.4.3.1 Purpose

This test covers mating and un-mating forces for Mechanical Assist connectors such as lever
and slide lock.| USCAR-25 Ergonemic guidelines should be used as a further refefence.

5.4.3.2 Equipment

= Force test¢r
= Fixtures fof holding‘connectors as required.

5.4.3.2.1 Samples

Tests A, B, and C: Using any applicable conductor size and insulation type, prepare enough
samples of male and Female Terminals to fully populate connector assemblies per section
5.1.6, Terminal Sample Preparation.

Prepare connector samples with the full compliment of wires, terminals, and secondary pieces
as specified in the design and intended for the production application. A minimum of 10
samples is required to be tested in each section below. Samples may be used for multiple
tests.

Test D: Prepare 6 connector pairs by mating male to female housings without terminals or
wires.
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5.4.3.3

A.FORCE TO

1.

Procedure

ENGAGE TO PRE-LOCK POSITION

Using the force tester, engage each connector fully to its pre-lock position. The pre-lock

position is defined as the point where the connector is positioned on the mating part and the
mechanical assist is ready to be activated. Connectors are normally held in the pre-lock
position by detents.

2. Reverse tHe direction and measure the force required to un-seat the connectof from the pre-
lock positign.
3. Verify conformance to the acceptance criteria of section 5.4.3.4-1 and'2.
B. FORCE TQ RELEASE LATCH FROM PRE-STAGE POSITION
Note: Connectors may be required to be shipped as part-of a wiring assembly with
levers pr mechanical slides locked in the “open” or “pre-stage” position. This eliminates
un-necessary operations at the vehicle assembly plant. This part of the test procedure
measufes the ability of the connector mechanical assist to remain open during shipping
and handling.
1. Using the inmated lever connector, place lever,or slide in its shipping (open) position.
2. Using the force tester, gradually apply a force of 50N in a direction so as to mave the lever
toward the|lock position.
3. Verify conformance to the acceptance-criteria of section 5.4.3.4-3.
C. LEVER AQTUATION/REMOVAL FORCE
1. With the connector in its pre~stage condition, measure the force required to fully actuate and
close the lever. Force shall’be applied perpendicular with the contact surface pf the lever or
slide as ndarly as possible.
2. For designs with a secondary release mechanism, without disabling or releasing this
feature, gradually=apply a force of 60N to the lever in the release direction.
3. Disable or|release any existing release mechanism (if applicable) and record the force
required tgd move the lever from the locked position to the open position.
4. Verify conformance to the acceptance criteria of section 5.4.3.4-4 and 5.
D. CONNECTOR TO DEVICE OR CONNECTOR TO CONNECTOR LATCH RETENTION

FORCE.

Mount the mated connectors in a fixture so as not to distort the housings or any of their

associated parts. With connector to connector locking feature enabled, pull the connectors
apart at a rate of 50mm/minuite +/-10mm/min using a suitable force tester and measure the
peak force required to separate the connectors. CPAs and or secondary locks shall be
disabled for this test. Repeat on 4 additional samples. (Test 5 samples) Verify conformance
t0 5.4.3.4-6
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Mount one mated connector in a fixture so as not to distort the housings or any of their

associated parts. With connector to connector locking feature disabled, pull the connectors
apart at a rate of 50mm/minuite using a suitable force tester and measure the peak force
required to separate the connectors. CPAs and or secondary locks shall be disabled for this

test. Verify

5434 Ac

conformance to 5.4.3.4-7

ceptance Criteria

Note that the acceptance criteria of this section varies with the available contact (g
the connector peing tested. Reference SAE/USCAR-25 Electrical Connector/Assé
Ergonomic Degign Criteria for details of the acceptance criteria.

rip) area of
embly

1. The force fo engage the connector to its pre-lock position shall meetthe requifements of
SAE/USCAR-25.
2. The force required to un-seat the connector from its pre-lock-position shall be $15 and <75.
3. The force required to move the lever or slide from its shipping position while the connector is
not in its pre-lock position shall be 50N minimum.
4. The force required to move the lever to and from the lIocked (engaged) position shall meet
the requiregments of SAE/USCAR-25.
5. The minimum force to release the assist feature without depressing the release mechanism
(if applicaljle) shall be >60N for a fully mated connector
6. Un-mating|Force must be > 110 Newtons with the primary connector lock fullylengaged. A
CPA devicg, if provided for, must NOT bé.engaged during this test.
7. Un-mating|Force must be < 75 Newtons with the primary connector lock completely
disengagefl/disabled.
5.4.4 Poldrization Feature Effectiveness
5.441 Purpose
This test ensufes-that the polarization feature(s) is adequate to meet its intended purpose of
preventing incerfeetmating of-aconnectot hotsing-with-itsintended-mate;and-preventing

mating of a connector housing with any unintended mate. It also tests the adequacy of the
polarization feature(s) in preventing terminal damage during incorrect assembly attempts. In
addition to this objective force test, a jury evaluation shall be conducted among knowledgeable
individuals trying "hands-on" mis-mating. This jury will focus on tilting, torqueing, and mis-
aligning during mating to evaluate the effectiveness of the polarization features.

5442 Eq

uipment

= Insertion/Extraction Force Tester with Peak Reading Feature
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5443

Procedure

Two factors must be considered: attempting to incorrectly mate two connector halves, or a

connector half and a header that are supposed to mate if properly oriented, and attempting
to mate a connector with an incorrect mate.

one sample set for each selected mis-orientation or mis-index.

Sample size varies depending on the number of incorrect orientations tested. Test at least

No terminals are required for this test of the polarizing feature(s). However, a suitable

mechanicg
into the oth
Terminal W
Orient the

orientation
parts shou
a. Theco
b. The ing
Secure thd
appropriatg
Male Conrl
Engage th
force spec
of 150 N o
indication

5444 Ac

The connectio
the average v4
connector thaf]

If sufficient mis
any position in

as installed.

5 chosen by the Authorized Person as most likely to defeat the pola
d be tested as follows, using a fresh sample of each half for each o
Frect orientation, but with the wrong index

orrect orientation

b fixtures of the force tester. Adjust the forcetester to attempt insert
ector into the Female Connector in the orientation selected in Step
b connector halves at a uniform rate not'to exceed 50mm/min. until
fied in the part drawing is applied. If’no value is specified, apply a
3 X (minimum) the average value of properly mated connectors. N
bf the penetration detection deviee installed in Step 3.

ceptance Criteria

h system must withstand either a minimum mis-mating force of 150
lue measuredon a fully loaded, properly mated connector without g
would prevent subsequent proper mating.

5-mating is achieved to allow contact with any properly installed Mal
its ‘connector housing, the polarizing feature(s) is considered to be

| or electrical means must be devised to detect penetration of one half of the CUT
er to a depth sufficient to contact any Male Terminal in any position if that Male

CUT with any possible mate in the same family in one or more incofrect

ization. The
rientation:

connector halves (or connector and header){one male and one fefqale) in the

on of the
3.
he maximum
aximum force
pbte the

N or 3 times
lamage to the

e Terminal in
inadequate.

5.4.5

5451 Pu

Miscellaneous Component Engage/Disengage Force

rpose

This test is to ensure that connector assembly components such as TPAs, PLRs, CPAs, Locator
Clips, etc. will be sufficiently retained, yet allow easy and consistent assembly and removal for

service where

necessary.
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5.4.5.2

Equipment

= Insertion/Extraction Force Tester with Peak Reading Feature

5.4.5.3

ENGAGE

Procedure

ENT FORCE

Completely
required tg
The same
All compor
is maintain
loads and
Engage e3
rate not to
Record the

this value fo verify conformance to the Acceptance(Criteria of Section 5.4.5.4.

B. DISENGA(

*** CAUTION
The following
safeguards mt

test.

1. With the cq

identify and number each component to be tested. A minimum)of 1
be tested for each of the applicable conditions found in the accepta
samples may be used for various phases of testing.
ents to be tested and their mating parts must be fixtured'so that prg
ed during testing. Straight-in engagement and extraction is critical t
binding which can affect force measurements.

ch component to be tested, with its retaining mechanism(s) in placq,

exceed 50 mm/min. Test each applicable condition per table 5.4.5.
force required to completely engage the component with its mating

5ING FORCE

e %

step may result in sample breakage. Adequate shielding and persor
st be employed to ensure the safety of persons and property in the

uniform rat
the compo
measurem
componen

pmponent fullysinstalled and properly fixtured, disengage the compo
e not to exceed 50mm/min. The force must be applied parallel to th
ent being/tested to avoid side loads and binding which can affect f

part: Test each appllcable condition per table 5. 4 54.

0 samples is
nce criteria.

per alignment
b avoid side

at a uniform
A,
part and use

nel
vicinity of the

nent at a
b centerline of
brce

nts/The direction must be opposite to the direction of normal insertion of the

value to verify conformance to the Acceptance Crlterla of Section 5 4, 5 4

and use this

For locator clips only, repeat Step 1 above in each of the three directions 90°, 180°, and

270° from the initial insertion direction. Then repeat Step 1 in a direction orthogonal to the
plane of the first four tests. Do not exceed a force of 110N for any of these subsequent

tests.

Note: Use fixture identified in Figure 5.7.2.3-A&B
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5.4.5.4 Acceptance Criteria

Insertion/Extraction Forces shall meet the values indicated on the part print. If no value is
specified, the force shall meet the values shown in table 5.4.5.4.

Force (N)
Insertion Removal
Lock to
Device Insert to lock Pre-set to lock pre-set Remove
Component 60 max N/A N/A 110 Mihimum
with positive (Also see
retaining section 5.7.2),
feature such as Connegtor
locator clip, mountipg
wire dress, etq. feature
mechahical
strength.)

CPA 60 Min 60 Min 10 Min. 60 min

(w/connectors (w/connectors 30 Max.

un-mated) un-mated)

22 max 22 Max

w/connectors w/connectors

mated (loose pc. | mated

CPA)
TPA/PLR 60 Max 60 Max 60 Max 25 Min

(w/terminals (w/terminals (w/terminals

installed in installed in installed in all

all available all available available

cavities ) cavities ) cavities)

15 Min( w/o 18 Min after
terminals) initial removal

156le 545 4: Misc. O : bly/Dis- bly
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5.4.6

5.4.61 Pu

Vibration/Mechanical Shock

rpose

This test subjects a connector system to variable vibration simulating accelerated exposure to
actual vehicle conditions. Vibration and shock can cause wear of the terminal interfaces,
intermittent electrical contact and failure of mechanical components of the connector system.

mounted every
vibration profil
optional test a
vibration "profi
according to th

Since unseale

compartments
Sealed conne
engine/transm

NOTE: This se
vehicle, such &

require specia
application.

54.6.2 Eq

= Vibratiq
= Vibratig

= Accele
Map each tabl

Typical mappi

Step 1.

ansmission and vibrate with it. The second (5.4.6.3-E) is for comp
where else on the Sprung portion of the vehicle. The third (5.8.2:3-

le" is specified in the test request/order, the appropriate.profile mus
e intended location of the CUT on the vehicle.

d connectors are not suitable for use outside the‘passenger and lug

they would normally be tested only to the non-engine/transmission
ttors may be used in applications requiring-direct attachment to the
ssion, so they should normally be qualified to the harsher vibration

ction does not apply to components'mounted on un-sprung portion

uipment

bn Table
bn Controller
rometers

b /cube-orhead expander combination.

ng-procedure, Set up note:

"profiles" are available. One (5.4.6.3-D) is for components

b that should be considered for sealed systems only. Severe vibratig
nd may be specified in the test plan by an authorized person. Unles

s the wheel hub. Components mounted on un-sprung portions of th
testing to ensure they can survive and function properly in the intel

actually
ectly attached
bnents

A\) is a severe
bn is an

s a special
be used

gage
profile.
profile.
5 of the

e vehicle
nded

YWhensettingup to performmthe vibratiomandmechanicat strock tes

the

placement of the control accelerometer will be determined as follows.

With the table, cube and or head expander to be used in this test in place, create a

map of the vibration equipment by measuring the equipment resonance in at least 5
places as far apart as practical. (see figure 5.6.4.2) No additional mounting features
or brackets will be on the equipment for this mapping step.

Step 2
the
Step 3.

points of lowest measured resonance.

Determine the point of lowest resonance. This is defined as the mid point between

The control accelerometer shall be mounted at the point of lowest resonance.

Note: Other mapping procedures and control locations are acceptable but must be
documented in the test report and must be approved by the authorized person.”
* See scope statement regarding authorized person.

- 46 -



https://saenorm.com/api/?name=c939151af11c62e8bf664caa94f3e032

SAE/USCAR-2 Revision 5 Revised 2007-11
PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Other requirements:
= Use tri axis accelerometer or sequentially rotate single axis accelerometers for the

mapping process.

The on
The ma
frequen

4434

The cross axis resonance must be no greater than 30% of the control resonance.”

axis resonance measured in step 1 must not vary more than 15%.
pping procedure used shall be documented in the test report and will include
cy, acceleration, profile (random or sine sweep), and accelerometer locations.

*See Appendix A: Definitions

Typical mapping|accelerometer locations

2/1/\\3

v

Typical Table, Cube, Axis of vibration
or head expander

5.4.6.3 Procedure

Figure 5.4.6.2 Typical Mapping Accelerometer locations

1. Using the largest.applicable conductor size and insulation type applicable to the design,

prepare erj

oughdnale and Female Terminals to fully populate a minimum of 1Q connector

assemblies per section 5.1.6, Terminal Sample Preparation. Prepare each sample by

assembling aft applicableparts-and-bundiing (vvith tape;convolute,scrott; ctu.) the

conductors
5.4.6.3 for

. Consult the Authorized Person for details on intended bundling. Refer to Fig.
examples of test mounting arrangements. Mounting position A is for in-line type

connectors. Position B is for connectors that will mate to an electrical device. At least 10
samples are required unless otherwise specified in the test request/order.

2. Complete t
performed

he Connector and/or Terminal Cycling procedure per section 5.1.7 if not already
on the sample set.

3. Verify conformance of each sample connector assembly to the Acceptance Criteria of the

Dry Circuit
distributed

Resistance test, Section 5.3.1.4. Measure at least 10 terminal pairs randomly
among the connector sets.
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4. Construct a suitable mounting apparatus using the following design criteria:
See set up note in section 5.4.6.2 for control accelerometer placement.
a. The mounting apparatus must be constructed and secured to minimize added effects

rmonics, dampening, resonance, etc.).

For In-Line Connectors, mount the mated connector pair directly to the Mounting

Bracket using the connector feature provided for mounting. Refer to Figure 5.4.6.3-A.
Do not use a "Christmas Tree" or any other type of mounting device. Instead, the
Mounting Bracket itself must be constructed so as to include a direct mounting
feature to mate with the mounting feature (Dovetail) on the mated connector pair.

ure 5.4.6.3-B. Use the normal device mounting feature(s) usedto's
ice in its intended vehicle location. Do not use any interveningibrac
unting device. Instead, the Mounting Bracket must be fabricated to i
perating features necessary to mount the device directly.to"it.

The conductor attachment points must be 100mm +/-10mm from the rg

nector body. See figure 5.4.6.3-C
application arise that does not lend itself to either situation describe

he CUT as directly and firmly as possible toxthe Mounting Bracket ¢
bd vehicle mounting.

Device Connectors, mount the device directly o the Mounting Bragket. Refer to

cure the
Ket or
nclude any
ar of the

d above,

Authorized Person. It is his or her responsibility to devise a suitabl¢ method for

bnsistent with

tach the conductor bundle ends to the mounting fixture such that thereisa 10 +

5 mm sag relative to the bisecting plane of the-attachment points. See Figure

(ha

b.
c. For
Fig
dey
mo
cod

d.
cor
5. Should an
consult thg
attaching t
the intende
6. Securely a

7.

measurem
group shal
connectord
connectorg
samples, W
distributed

Divide the test samples into two groups of 5.\The first group shall be used for ¢

nt at the end of the vibration @nd mechanical shock exposure. The
be set up and monitored continuously for discontinuity per section
with up to 10 cavities, all\cavities shall be monitored on the 5 samg
with more than 10 cavities, all terminal cavities must be representg
ith a minimum of 5@.terminals monitored. The chosen cavities shall
across the connectors.

e

hedile

b.4.6.3-C.
iry circuit
second
65.1.9. On
les. On
dinthe 5
be evenly

Muunﬁng E@EFEI [Moun I 1
Shaller StmkET
A B

Figure 5.4.6.3- A & B: Mounting Positions

NOTE: It is vital to secure the conductors to their respective connector housings. Terminals
"float" in their cavities and will wear rapidly if the associated conductors are allowed
unrestrained movement relative to the connector housing. See 5.4.6.3-C
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10.

11.

12.
13.

Conductor
Attach Point

ICunductnr Sag

10mm? 5mm CuTt

1 -
T_“ - —{ CuT

* A Wounting Bracket &,

.{rCunduﬂnrs must not \
comtatt bracket

([l
Y Zipties/zip locks/
plastic straps/
|—L plastic ties
$,<§ Tape
‘\@
m Clamping w/
N protective
C) media for wires
A\
100 +10 mmﬂ<—ﬂ kﬂ_mo +10 mm

Figure 5,4.6:3-C continued: Typical wire attachment Test Set-uf

The test fixturesy system layout, and test set-up must be approved by the Authorized Person
prior to testing!
Subiject th iti i HH ion at 35 Gs
force) in each of the three mutually perpendicular axes. Mechanical shock and vibration
testing may be completed in sequence for each axis before proceeding to the next axis.
Unless otherwise specified in the test request/order all CUTs mounted directly to the engine
or transmission shall be vibrated for 8 hours in each of the three mutually perpendicular
axes (X,Y,Z). Vibrate the CUT using the vibration profile in Fig. 5.4.6.3-D.

CUTs mounted anywhere else on the Sprung portions of the vehicle, including the engine
compartment (but not directly on or to the engine or transmission) use Figure 5.4.6.3-E.
Vibration shall be 8 hours in each of the three mutually perpendicular axes (X,Y,Z) unless
otherwise specified in the test request/order.

Age the samples for 48 hours at ambient conditions.

Record the results, inspect the CUT, and verify conformance to the Acceptance Criteria of
Section 5.4.6.4.
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Power Spectral Density
Frequency (Hz) (g°/Hz)
60.0 0.00100
200.0 1.50000
210.0 0.10000
1200.0 0.10000
Grms = 12.1

Figure 5.4.6 3-D All Sprung Portions of Vehicle Coupled to Engine

10

-

=[]

.01

.001

10 100 1000 10000
Figure 5.4.6.3-D (cont.): For Components Coupled to Engine (Vibration|class 2)
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Power Spectral Density
Frequency (Hz) (g°/hz)
5.0 0.00200
12.5 0.24800
77.5 0.00320
145.0 0.00200
200.0 0.01180
230.0 0.00032
10000 0.00002
Grms = 1.81
Figure 5.4.6.3-E: All Sprung Portions of Vehicle Not Coupled t0 Eng
1
A A
.01
7 7
001 -/ ‘
;
.0001 \
.00001
1 10 100 1000

Figure 5

5464 Ac
At the conclus
connector ass
Monitoring) an

1.

4.6.3-E (cont.): Components Not Coupled to Engine. (Vibration

ceptance Criteria

on of the test, verify conformance of each terminal pair and each sz
embly,-as appropriate, to the Acceptance Criteria of section 5.1.9.4

jine

class 1)

mple
Continuity

dto'the following tests:

After 48 hours at ambient conditions, terminals must meet the Acceptance Criteria of the Dry

Circuit Resistance test of Section 5.3.1.4. Measure at least 10 terminal pairs randomly

distributed

among the connector sets.

erminal pairs as in step 1 above.

Terminals must meet the Acceptance Criteria of the Voltage Drop test, Section 5.3.2. Check

The connector assembly must not show, with the aid of 10X magnification, any evidence of

deterioration, cracks, deformities, etc. that could affect its functionality or severely degrade

2.

the same t
3.

its appearance.
4.

The terminals must not show, with the aid of 10X magnification, any evidence of

deterioration, cracks, deformities, excessive plating wear, etc. that could affect their
functionality.
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54.7 Con

54.71 Pu

nector-to-Connector Audible Click

rpose

Studies show that assembly plant technicians depend on audible queues that indicate full
seating of electrical connectors regardless of background noise. This test measures the level of

noise generat
rather than be

ambient sound

test should on

5.4.7.2 Equipment
= dB meter
5.4.7.3 Procedure

16 sample pai
connector cav

auxiliary piece

1.

Locate the
Mate the c
generated

2.
3

as they arg
Repeat Steps 1 through 3 using the group 2 connectors, post moisture conditi
are brough
elalative Humidity at 40°C for 6 hours (minimum), then completing the

95-98% R
minutes.

5474 Ac

Measure a
ambient nq

d when two connectors are mated. Connectors are mated by han

for this test

ng clamped into a fixture which could dampen or amplify the sound

y be used to compare connectors or connector families to other cor

s are required. (2 groups of 8) Samples are to be production intent
ties shall be not be populated.with terminals. Include all TPAs, seal
S as applicable.

Ind record the dB (A) level of the ambient sound within the test envin
ise level must be between 30 and 50 dB (A)..
sound measuring device or microphone 600+/-50mm from the conr
pnnectors in group 1 by hand and measure the dB (C) level of the s
as the lock.engages. Do not bias the connectors toward or away fr
e engaged:

t to_their practical limit of moisture content by exposing “dry as molg

Because

conditions vary between or within vehicle assembly locations the fesults of this

nectors.

. The
5, stuffers and

onment. The
ector.
pund

bm the latch

bning. Parts
ed parts” to

test within 30

ceptance Criteria

The values measured in this test shall be documented in the test report. These values should
be considered for information only and are used to compare connector designs or to assist in

the connector

selection/wire harness design process.
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548 Con

nector Drop Test

5.4.8.1 Purpose

This test evaluates the ability of the connection to withstand impact due to dropping on a hard
surface. This test does not apply to headers or any other connector not designed for use in a
wiring harness.

5.4.8.2 Equipment

No specific eq

5.4.8.3 Procedure

1. 10 sample
application
2. Drop each
concrete s
time. The
the design

5484 Ac

Samples shall

549 Cav

Lipment is required.

5 are required. Assemble connectors with all parts to be used in the
(CPA, TPA, PLR, etc). Do not insert leads or terminals
sample 3 times (or as agreed upon by ‘the supplier and user) onto &

Responsible Engineer may direct specific orientations in order to ex
that may be vulnerable to damage.

ceptance Criteria

meet the Acceptance Criteria of section 5.1.8, Visual Inspection.

ty Damage  Susceptibility

5491 Pu

intended

horizontal

Lirface from a height of 1 meter, orienting the sample in various dire¢tions each

pose areas of

{pose

This test is intended to demonstrate resistance to damage when the connector TPA/PLR is
forcefully inserted on a connector with one or more terminals in the incorrect (un-seated)
position. The cavity and other plastic and metal parts must subsequently be able to be
assembled correctly and retain full function following such an event. This procedure does
not apply to connectors where the TPA is designed to push the terminal into its seated and
locked position or to TPAs that are designed such that their mating direction interferes or is
perpendicular with a terminal that is unseated.

5492 Eq

Force tester

uipment

-53 -



https://saenorm.com/api/?name=c939151af11c62e8bf664caa94f3e032

SAE/USCAR-2

Revision 5

Revised 2007-11

PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

5.4.9.3

and five le

Pro

cedure

ads terminated with each terminal size in the connector.

Samples consist of five connectors with terminal secondary locks in the un-seated position

2. Randomly select one cavity of each terminal type from each sample for testing.

3. Determine the force to be applied to the secondary lock by adding 40N to the maximum
force required to seat the device when all terminals are located properly (section 5.4.5.3 A,
step 4). The minimum force is 80N for 21.5 nominal size terminals and 60N for <1.5
terminals.

4. Partially ingert a terminated lead into the selected cavity. The terminal should |be inserted
until it is just short of locking into position. While holding the terminal inhis pgsition, apply a
force as determined in step 3 to the terminal secondary lock in the direction of{normal
seating. Record whether the TPA seated and locked.

5. Remove the force and seat the terminal in its normal position. ,S€at the seconfary lock.

5.4.9.4 Acgeptance Criteria
1. When|the force in step 4 is fully applied, the TPA must not seat in its final[position.
2. Verify that terminal retention meets the extraction forces in table 5.4.1.4. | Moisture
conditioning is not required.
5.4.10 Termjnal/Cavity polarization test
5.4.10.1 Purpose

This test is conducted to ensure’ that the design of the cavity and terminal polarization features

will prevent ingertion of thexterminal in any incorrect orientation. This procedure ig not required

for multi-directjonal (round) or other designs where the terminal is meant to plug ahd lock in any

(360°) orientatjon.

Note: Mecharical‘equipment may not simulate the action of an operator to finess¢ terminals

and connectorsduringassembty—Therefore, imadditiontothisprocedure;ajury€valuation

shall be conducted and documented to show that it is not reasonably possible to incorrectly
assemble terminals to connectors. A summary of the results shall be included in the test report.

Note: Surrogate data may be used to fulfill the requirements of this test. If surrogate data is
used, the design of the cavity, terminal, cable, and all materials (except terminal plating) shall
be identical. Other factors such as connector wall thickness, double or single row, etc. may also
influence the test outcome. The Responsible Engineer shall determine the need for individual

testing in such

cases.
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5.4.10.2 Equ

ipment

Insertion Force Tester with peak reading feature and fixtures or jigs as necessary.

5.4.10.3 Procedure

1.

By analyzing the cavity and terminal design, choose the incorrect terminal orientations to

be tested. At a minimum, each incorrect orientation in increments of 90° must be tested.
Rectangular designs where improper insertion at 90° from horizontal is clearly not

possib

e do not need to be tested at these positions. It is permissible to te

st these

design
determ

5 in 180° increments. The Responsible Engineer is the final authgri
ining the positions to be tested.
e enough terminated leads to test each orientation selected istep
Prepare leads per section 5.1.6, Terminal Sample Preparation, usir]
ze conductor and insulation thickness applicable to the.design.
b connectors sufficient to test each incorrect orientation’determined
D times using a fresh cavity for each test. Use noless than 3 conne
r each connector and each cavity.

the connector shell in an appropriate fixture.« Fhe fixture shall not ¢
state, shape, or geometry of the connector or the terminal cavities
the terminal sample in the force tester.by gripping the conductor a
behind the insulation grip.
the connector holder and force tester to insert the terminal in one of]
ect” orientations chosen in step 1. Adjust the force tester to insert th
I into the connector at a uniformrate not to exceed 50 mm per minu
bt force is 1.5 times the maximum force recorded in step 5.4.1.3-7 (1
ctor Insertion Force) or 15N, whichever is greater.
he terminal into the cavity until the force determined in step 7 is rea
results (terminal seated in cavity, terminal inserted but did not seaf]
mate depth, termjnal did not enter cavity, cable buckled, etc.).
steps 4 through 9 using fresh terminals and cavities/connectors un
ations determined in step 2 have been tested.
pte the visual examination of the terminals and connectors per secti

pptance Criteria

y for

1 atleast 10
g the largest

in step one at
ctors.

istort the
minimum of
the

e terminal
te.

'erminal-

ched.
and to what

til all

bn 5.1.8.

Terminals inserted in any incorrect orientation shall not fit or lock into a connector cavity

beyond the insulation wings (grips) or cable seal (See Figure 5.4.10.5) at a force 1.5
times the normal insertion force, 15N, or the column strength of the largest applicable
wire size, whichever is greater.

2. Prepar
times.
gage s

3. Procur
least 1
Numbe

4. Securg
natural

5. Securd
20mm

6. Adjust
“incorré
straigh

7. The teg
Conne

8. Insert{

9. Record
approx

10. Repea
combir

11. Compls

5.4.10.4 Acc

1.

2.

There shall be no visible damage to either the terminal or connector that would prevent

subsequent correct insertion and function following any attempt at incorrect insertion per
this procedure.
3. The jury evaluation shall be completed and documented.
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Connector Body

N

/

Terminal Insulation Grips
and/or cable seal must be

visible

W

U U

Figure 5.4.10.5 — Incorrectly Plugged Terminal, Maximum allowable Insertion Into

5.5

5.5.1

CONNIJ

Isolation Resistance

5.5.1.1 Purpose

This test verifi
will be sufficie
passing throug
stress tests to
are not sufficig
connector typ4

5.5.1.2 Eqr.lipment

Connector Cavity

ECTOR - ELECTRICAL TESTS

bs that the electrical resistance between any two cavities in a conngctor system
nt to prevent detrimental electrical conductivity between the various
h that connector system. This test is typically done after other environmental
ensure that any. contaminants that may have entered the connector|during testing
nt to create an unintended electrical path. This test shall be performed on all
s both sealed and unsealed.

circuits

= Megohmeter
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5.5.1.3

Procedure

NOTE: This test is typically used only in conjunction with another test that subjects the
connector to the chance of some form of moisture or other contaminant intrusion. Test the same

samples used

for the related test.

NOTE: For un-sealed connector pairs, the test samples shall rest in ambient environment for 23
hours prior to measuring isolation resistance after any prior environmental conditioning.

NOTE: When Bealed Connector systems are to be tested following exposure-to nLoisture or
other contamimants (except fluid resistance test) it is important that this Isolation Resistance
test be performed on each sample within one hour of concluding the assgtiated tgst. Otherwise,
particularly where samples are exposed to elevated temperatures in the_preceding test, any
contaminant that might invade the samples may dry to the point of b&€ing undetectable by this
Isolation Resigtance test.

1. If this test s to be performed to check isolation resistance.of a new connector housing,
prepare cut leads as specified in Section 5.1.6, Terminal Sample Preparation

2. Connect the Megohmeter, set to 500 VDC, to the bared conductor ends as illustrated in
Figure 5.5]1.3 so that adjacent cavities have opposite polarization. For special applications,
the test voltage may be reduced or increased with the approval of the AuthoriZled Person.

3. Use the Mggohmeter to measure the resistance between the adjacent terminals: Apply the
test voltage, allow for meter to stabilize. x:Test both halves of the connector system (if
applicable [for new connector housings.~Test the mated connector assembly for those
samples that have been subjectedto prior stress testing.

4. Record thg minimum resistance measured and verify conformance to the Accgptance
Criteria of Bection 5.5.1.4

O—
u

AR

Figure 5.5.1.3: Method of Connecting Leads for Isolation Resistance Test

5. For connectors with Shorting Bars, take the isolation resistance measurement between the
two terminals designed to be shorted together by the Shorting Bars (Shorting Bars “open”)
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5.5.1.4 Acceptance Criteria

The resistance between every combination of two adjacent terminals in the CUT must exceed
100 MQ at 500 VDC. This includes terminals that may be separated by one or more vacant
terminal cavities.

5.6

CONNECTOR ENVIRONMENTAL TESTS

5.6.1 The

5.6.1.1 Pu

This test subjg

and contractio
produce accel

56.1.2 Eq

= Temp. Chd

* As required |

5.6.1.3

Using lead
connectord
and insula
(TPAs, PL
Complete

performed

'mal Shock

rpose

cts the connector assembly to extreme temperaturé/cycles that cau
h of the various materials used in the connector-system. This is inte
erated wear at the terminal-to-terminal interface.

uipment

mber(s) (-40° C to +175° C *)

y the Temperature Class selected from Figure 5.1.4.

Procedure

s prepared per section 5.1.6, assemble a minimum of 10 pairs of fu
(at least 10_male and 10 Female Connector halves). Leads may b
ion type appropriate to the TUT. Assemblies must include all appliq
Rs, etc.),\Seals, etc. Number each mated connector pair.

he Connector and/or Terminal Cycling procedure per section 5.1.7

on the sample set.

Verify conf

Se expansion
nded to

ly populated
e of any size
able Wedges

f not already

ormance of each sample connector assembly to the Acceptance Cr

teria of the

Dry Circuit Resistance test, Section 5.3.1.4. Measure at least 10 terminal pairs randomly

distributed

among the connector sets.

Divide the test samples into two groups of 5. The first group shall be used for dry circuit

measurement at the end of the thermal shock exposure. The second group shall be set up
and monitored continuously for discontinuity per section 5.1.9. On connectors with up to 10
cavities, all cavities shall be monitored on the 5 samples. On connectors with more than 10
cavities, all terminal cavities must be represented in the 5 samples, with a minimum of 50

terminals monitored. The chosen cavities shall be evenly distributed across the connectors.

across and around the samples, and the samples are not touching each other.

Place the samples in the chamber so that there is no substantial obstruction to air flow
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6. Determine the Temperature Class for the intended application of the connector system from
Figure 5.1.4. Then set the Temperature chamber to the minimum ambient temperature for
that class. Allow the chamber to stabilize, then cold Soak the samples an additional 30 min.

7. At the conclusion of the 30 minute cold Soak, transfer the samples to another chamber set
to the maximum ambient temperature for the Temperature Class selected in Step 6. Itis
important to complete the transfer of all samples from the cold to hot chamber (or,
optionally, to transition one chamber from the coldest to the hottest extreme) in less than 30
seconds. Allow the samples to heat Soak for 30 minutes.

8. At the conclusion of the 30 minute heat Soak, transfer the samples to another chamber set
to the mini p 6. Itis
important fo complete the transfer of all samples from the hot to cold chamber|in less than
30 secondsk. Allow the samples to cold Soak for 30 minutes.

9. Repeat Steps 7 and 8 ninety nine (99) more times.

10. Measure the Dry Circuit resistance (section 5.3.1) of the same terminhal pairs selected in
step 3. Do|not use monitored circuits for Dry Circuit measurements

11. Measure the voltage drop per section 5.3.2. At least 10 terminal pairs must bg measured.

Verify conformance to the Acceptance Criteria of Section 5.6.14

5.6.1.4 Acgeptance Criteria

At the conclusjon of the test, verify conformance. of each terminal pair and each sample
connector assembly, as appropriate, to the Acceptance Criteria of section 5.1.9.4 (continuity
Monitoring) and to the following tests:

First, the Dry Circuit Resistance test, Section 5.3.1.4.
Second, the Vpltage Drop test, Seetion 5.3.2.4.
NOTE: If samples are to be subjected to further testing (for example as part of the|test
sequence shown in Section'5.9.6), the following steps may be deferred until the s¢quence is
complete.
The connecton assemblies must not show, with the aid of 10X magnification, any gvidence of

deterioration, ¢racks, deformities, etc. that could affect their fit or function, or distoft their
appearance.

5.6.2 Temperature/Humidity Cycling
5.6.2.1 Purpose

This test simulates actual operating conditions using temperature and humidity variations as
aging mechanisms for evaluation of a connector system's electrical durability. High humidity and
temperature can promote galvanic and electrolytic corrosion of the terminals which may cause
electrical and mechanical degradation. Temperature cycling promotes relative movement of the
contact surfaces that can cause wear and fretting corrosion. Certain plastic materials may also
degrade.
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5.6.2.2

Equipment

= Data Logger

= Temperatu

re Chamber(s) (-40° C to +175° C *, 0%-95% Relative Humidity)

*As required by the Temperature Class selected from Figure 5.1.4.

5.6.2.3

Using lead
connectorg
and insula
Wedges (T
Complete
performed
Verify conf
Section 5.1
randomly ¢
The test fix
prior to tes
Place the s
across and
Determine
Figure 5.1
Allow the ¢
Cycle the
Extended
maintaineg
Completiol
Maximum
Step 6 abd
Using the 1

Procedure

ﬂ?ansition times may be used as long as the dwell times at temperat
. The cycle begins with the sample at —40°C and un-controlled relative humidity.

s prepared per section 5.1.6, assemble a minimum of 10 pairgyof fu
(at least 10 male and 10 Female Connector halves). Leads'may b
ion type appropriate to the application. Assembly must incClude all g
PAs, PLRs, etc.), Seals, etc. Number each mated connector pair.
he Connector and/or Terminal Cycling procedure/pér section 5.1.7
on the sample set.
ormance of each sample connector assembly.to the Dry Circuit Res
8.1.4 when this test is performed stand-alone. Measure at least 10 t4
istributed among the connector sets.
tures, system layout, and test set-up must be approved by the Auth
ting.
bamples in the chamber so that there is no substantial obstruction tg
around the samples, and the samples are not touching each other
the Temperature Class forthe intended application of the connecto
4. Then set the Temperature chamber to the minimum temperature
hamber to stabilize before proceeding.

st samples 40 times using the cycling schedule shown in Figure 5,

n of the schiedule shown in Figure 5.6.2.3 will constitute one cycle.
Ambient Temperature for hours 5 through 7 as determined from Fig
ve.

beparate set of samples designated for that purpose, complete the

ly populated
e of any size
pplicable

f not already

istance test,
erminal pairs

orized Person
air flow

I system from
for that class.

6.2.3.
ire are

Jse the
re 5.1.4 in

Connector

Terminal Extraction Force Test (Section 5.4.1.3-B, Steps 4-8, exce

t do not

increase the force above 50N. Test 3 samples (minimum) to complete the terminal
extraction test. Each cavity location must be tested at least once but not all cavities in all
housings need to be tested.

Verify conformance to the Acceptance Criteria of Section 5.6.2.4.
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130

|
110
\

. \
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Test Temperature (°C)

-10 / 1 P 3 7 5 6 7 \
-30 1
[ N d

-50

Time (Hours)

100

/K‘
Z

=
v
d

[e2]
(=)

Relative Humidity (%)
-y (4,1
(=] o

oW
[=J=1
-

=Y
o

(=)

Time {Hours)

Key:
1 (-40)°C
2 (80-90)°C

3 Test temperature, see Figure 5.1.4 (Class 3 shown for illustration only)
4 Relative humidityuncontroted—Bo-notventchamberathourS

5 (80 — 100)% Relative humidity

Figure 5.6.2.3: Temperature/Humidity Cycling Schedule
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5.6.2.4 Acceptance Criteria

1. At the conclusion of the test, verify conformance of each terminal pair and each sample

connector assembly, as appropriate, to the Acceptance Criteria of the following tests:

a. First, the Dry Circuit Resistance test, Section 5.3.1.4. Measure at least 10 terminal pairs
randomly distributed among the connector sets.

b. Second, Voltage Drop test, Section 5.3.2.4. Measure at least 10 terminal pairs randomly
distributed among the connector sets.

c. Finally|the Isolation Resistance test, Section 5.5.1.

d. Pull tegt samples shall meet the connector/terminal Extraction Force test r¢equirements of
section 5.4.1.4 These post test extraction forces are minimum values only gnd are not
intended to be statistically managed.

NOTE: If samples are to be subjected to further testing (for example@s part of the|test
sequence shown in Section 5.9.6). The following steps may be deferred until the Sequence is
complete.

2. The connefctor assemblies must not show, with the aid‘of 10X magnification, apy evidence
of deterioration, cracks, deformities, etc. that couldaffect their functionality or distort their
appearance.

5.6.3 High Temperature Exposure

5.6.3.1 Purpose

This test evallates the effects of long-term exposure to elevated temperature on gonnector
assembly components. Therimal aging may cause changes in metal and plastic materials,
including stress relaxation’in important flexing members of the terminal or its conngctor. These
changes may pe detrimental to electrical and physical performance.

5.6.3.2 Equipment

= Temperature Chamber(s) (+175° C *)

*As required by the Temperature Class selected from Figure 5.1.4.
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5.6.3.3

Procedure

Using leads prepared per section 5.1.6, assemble a minimum of 10 pairs of fully populated

connectors (at least 10 male and 10 Female Connector halves) Leads may be of any size
and insulation type appropriate to the application. The assembly must include all applicable
Wedges (TPAs, PLRs, etc.), seals, etc. Number each mated connector pair.

2. Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 if not already
performed on the sample set.

3. Verify the :lnerformance of each sample connector assembly to the Acceptancg Criteria of
the Dry Cincuit Resistance test, Section 5.3.1.4. Measure at least 10 terminal pairs
randomly distributed among the connector sets.

4. The test fixtures, system layout, and test set-up must be approved by-the Authorized Person
prior to tesfting.

5. Determine|the Temperature Class for the intended application ofithe connectol system from
Figure 5.1}4. Then set the temperature chamber to the maximum ambient temperature for
that class. |Allow the chamber to stabilize before proceeding.

6. Place the samples in the chamber, set to the maximum ambient temperature, o that there
is no subsfantial obstruction to air flow across and arotind the samples, and the samples are
not touchinjg each other. Leave the samples in the.chamber for 1008 hours.

7. Sample evialuation is required only at the beginning and end of the test, but additional
measurement intervals may be requested by. the' Authorized Person.

8. At the conglusion of the test, verify conformance to the Acceptance Criteria of Section
5.6.3.4.

5.6.3.4 Acrceptance Criteria

At the conclusjon of the test, verify conformance of each terminal pair and each sample

connector assembly, as appropriate, to the Acceptance Criteria of the following tests, in the

order shown:

a. The Dry CjrcuitResistance test, Section 5.3.1.4. Measure at least 10 terminal|pairs
randomly distributed among the connector sets.

b. The Voltage Drop test, Section 5.3.2.4. Measure at least 10 terminal pairs randomly
distributed among the connector sets.

NOTE: If samples are to be subjected to further testing (for example as part of the test
sequence shown in Section 5.9.6) do not perform any steps beyond this point.

c. The visual

inspection, section 5.1.8.4
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5.6.4 Flui

d Resistance

NOTE: This test is to be used for sealed (S2 and S3) connector systems only.

5.6.4.1

This test eval

system when i
Since the sam
surrogate datg
test(s) shall be

56.4.2 Eq

= Laboratory
= Stainless {

= Explosion-

5.6.4.3

Using lead

connectors
terminals &

PLRs, etc.

minutes. F
used for e
requested

CAUTION: Fo

Completel

Purpose

ates the sealing capability and material compatibility of a sealed co

nector

mmersed in various fluids commonly found in and around road vehi
e materials are commonly used for numerous connection systems,
is acceptable for this test. If surrogate data is used, all references
included in the test report.

uipment

Fume Hood
teel tanks or Pyrex beakers
proof Heat Chamber

Procedure

, Seals, etc. Nuniber each mated connector pair.

submerse at least 1 test sample in each fluid listed in table 5.6.4.3
uids are to be\stabilized at the temperatures indicated. A fresh sam
ch fluid and each sample is to be submersed in one fluid only, unless
y the Authorized Person.

low,all Federal, state, and local safety regulations, standards, and g

s prepared per section 5.1:6;, assemble a minimum of 8 pairs of fully
. Use leads of the smallest conductor size and insulation type appr
nd connector being tested. Assembly must include all applicable W

Cles.
he use of
to the original

populated
opriate to the
edges (TPAs,

for 30
ple is to be
otherwise

rocedures

when performi

dlas 4 4
1Y Ul1S 1©ot.
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Fluid Specification* Test temp.°C

Gasoline ISO1817, liquid C 23+5

Diesel fuel 90% I1SO 1817, Oil No. 3 + 235
10% p-xylene

Engine oil ISO 1817, Oil No. 2 50

Ethanol 85% Ethanol + 23 %
15% ISO 1817 liquid C

Power steeripg fiuid SO 1817, OifNo. 3 50

Automatic transmission Dexron VI (North American specified material) 50 £

fluid

Engine coolgnt 50 % ethylene glycol + 50+3
50 % distilled water

Brake Fluid SAE RM66xx** 50+3

*Solutions are
**Use latest a

determined as percent by volume

ailable SAE reference fluid
See appendix |E for fluid source list

Table 5.6.4:3: Fluid Test

1. At the conglusion of the submersionpefiod, remove the sample from the fluid.|Do NOT
ny excess fluid. Use care’not to splash any fluid on unintended surfaces. Leave

shake off g
the samplg
for 7 days.

2. Atthe cong¢lusion of the:storage period, samples may be dried sufficiently to al

and to avo

3. Verify conformance.of each test sample to the Acceptance Criteria of Section

s "wet" and store thém in a suitable container or area at lab ambien

t temperature

Do not allow samiples submersed in different fluids to touch each other and do
not allow gny dissimilar fluid’drippings to intermingle.

d contamination of test apparatus.

low inspection

p.6.4.4.

5.6.44 Ac

'y Va1 Y H
oy arive viincelid

1. There must be no visible degradation®, cracking, or loss of mechanical function evident on
any test sample, examined with the aid of a 10X magnifying glass.

*Swelling of cable and seals is permissible. within the limits of that specific material

specification.
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5.6.5 Sub

mersion

NOTE: This test is to be used for sealed (S2 and S3 sealing classification) connector systems

only.

5.6.5.1 Pu

This test is an

rpose

connector

system when it is heated and suddenly cooled by submersion in a cooler liquid.<Salt water is

used as the liquid to facilitate detection of any leakage into the connector. Asfa futher aid to

detecting any |eakage that may occur, it is recommended that a suitable ultraviolef dye be

added to the sglt water solution.
5.6.5.2 Equipment

= Stainless gteel tanks or Pyrex beakers

= Megohmeter

= Temperatyre Chamber (-40° C to +175° C*)

*As required by the Temperature Class selected.from Figure 5.1.4.

5.6.5.3 Procedure

1. Using leads prepared per section 5:1.6 assemble a minimum of 10 pairs of fully populated
connectorg. Use leads of the.smallest conductor size and insulation type appropriate to the
terminals gnd connector beihg tested. The assembly must include all applicaljle Wedges
(TPAs, PLRs, etc.), Seals,.etc. Number each mated connector pair.

2. For multiple conductor,{mat) type seals only, select 10 cavities at random amang the sample
set and rec¢ord the eonnector and cavity numbers. Remove and re-insert the terminals in the
selected cavities<The purpose of this step is to ensure the terminal does not damage the
seal during service operations.

3. Complete the-Connector and/or Terminal Cycling procedure per section 5.1.7 |f not already
performed o the sampte Set

4. Verify conformance of each mated sample connector assembly to the Isolation Resistance
test, Section 5.5.1.4. This establishes a reference for the concluding Isolation Resistance
test.

5. Place the samples in the chamber such that there is no substantial obstruction to air flow
across and around the samples, and the samples are not touching each other.

6. Determine the Temperature Class of the connector system from Figure 5.1.4 and set the

chamber to the Maximum Ambient Temperature for that class. Allow the chamber to
stabilize before proceeding. Heat Soak the samples at the elevated temperature of the
chamber for 2 hours. If the internal temperature of a representative sample of the parts to be
tested can be shown to stabilize at oven temperature in less than two hours, the shorter time
may be used. The demonstration sample may not be used as an actual test sample.
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Prepare enough salt water solution to completely submerse the samples. Use tap water and

15-16 grams of table salt per liter. Then add 10 ml of liquid dish washing soap per liter. Mix

well before adding to test apparatus.

It is recommended that an appropriate ultraviolet dye

be added to assist in visual inspection for any ingress of solution into the test samples.

Remove the samples from the chamber. Within 30 seconds, submerse them in the Room

Temperature salt water solution to a depth of 30 - 40 cm. The samples shall remain
submersed at this depth for a period of 30 minutes.

At the end of the 30 minute submersion, remove the samples from the salt water solution,

shake off the excess solution, and then carefully dry the exterior surfaces of the samples.
Immediate|y perform the Isolation Resistance test of Section 5.5.17 on each sa

10. Repeat St
samples th
High Tem
Immediate
Criteria of
SPECIAL T
applicable
new samp
may produ
a. Repea
size) fq
Repea
to be u
popula
Prepar
each ¢
preparg
approp
Numbe
d. Repea
At the con
Inspection
residual sg
to detect a

11.

12.

b.

13.

hy trace of fluid leakage that escaped detection by the Isolation Reg

ps 6, 8, and 9 four (4) more times, except do not repeat when this
at have completed the Temperature/Humidity Cycling test of Sectio
erature Exposure Test of Section 5.6.3.

Section 5.6.5.4.
[EST for connectors with multi-cavity (mat) type conductor seals. TH
to single cavity connector designs. This is an additional test and req
es. Its purpose is to check for seal distortion from extremes of cond
ce a leak.

Step 1, except prepare one male and one’female terminal (smalleg
r each connector pair to be tested.

Step 1 except use the largest conductor size and insulation type fo
sed in the intended application. Prepare only enough terminal samp
le all connector pairs, less one.cavity for each connector half.

b a minimum of 10 connector-pairs so that all but one randomly selg
bnnector half is populated\with a terminal crimped to the largest con
pd in Step b above. Thenfill the remaining cavity in each connector
riate terminals crimped to the smallest conductor size, prepared in

r each connectoripair.

Steps 3, 4, 5, 6,8, 9, 10, and 11 using the samples prepared in Stg
Llusion of thétest, disconnect each mated sample pair and perform
test of Section 5.1.6. When disconnecting the samples, use care ng
lution te=enter the interior of any connector half. Careful examinatio

Useofad

ple.
st is done on
n 5.6.2 or the

y upon concluding the test, verify conformance of each sample to the Acceptance

lis test is not
uires use of
uctor size that

t conductor

r the terminals
les to fully

cted cavity in
ductor size,
half with the
btep a. above.

bp C above.
the Visual

t to allow any
N is required
istance test.

e-in the solution, as recommended in Step 7 above, will aid in this i

nspection.

5.6.54 Ac

1.

ceptance Criteria

There should be no trace of fluid ingress in any connector at the conclusion of this test.

2. Samples shall meet the Acceptance Criteria of the Isolation resistance Test, Section 5.5.1.4.
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5.6.6

5.6.6.1

Pressure/Vacuum Leak

Purpose

This test evaluates the sealing capability of sealed (S2 and S3 sealing classification) connector
systems when subjected to a specified pressure differential between the inside and outside of
the sealed area.

5.6.6.2

= Pressure/\
= Container
= Temperaty
* As required |

5.6.6.3

NOTE: When
Temperature/H

thipment

Procedure

acuum Source (Regulated)
for sample immersion)
re Chamber (-40° C to +175° C *)

y the Temperature Class selected from Figure 54 4.

Ising samples that have been subjected:to any prior testing that inc
dumidity Cycling test, Section 5.6.2 oriHigh Temperature Exposure

5.6.3, proceed
with vacuum t

1.

and Femal
one cavity
For conve

Using the
connectorg
Determina
Step 1. As

terminatedT

directly to Step 17. This assumes'that the samples have already b
bes per steps 1 through 15.

Terminals to assemble a minimum of 10 pairs of connector assen
for each connectorpair. Crimp both the conductor and insulation gr
ience, and to_minimize loose conductor ends, conductor lengths m:
on both ends-and looped between samples.
erminals-prepared in Step 1, assemble a minimum of 10 pairs of ful

ion_6f which connector half has the vacant cavity will have been de
sembly must include all applicable Wedges (TPAs, PLRs, seals, etc

udes the
est, section
een prepared

Refer to saction 5.1.6 and prepare leads using the smallest conductor size and insulation
type appropriate to the terminal and-connector under test. Crimp enough sam

ples of male
blies, less

ps.
hy be

y populated

, leaving.one conveniently located cavity open in each connector pair.

ermined in
. Number

each mate

) .
oo IUbtUI pdail.

For multiple conductor (mat) type seals only, select 10 cavities at random among the sample

set and record the connector and cavity numbers. Remove and re-insert the terminals in the
selected cavities. The purpose of this step is to ensure the terminal does not damage the
seal during service operations. (Not required if previously done on this sample set.)

Into the one open cavity in each connector pair, insert a tube of sufficient diameter and wall

strength to ensure that there is not a possible leak path between the outer tube surface and
the conductor seal. Be sure the tube is inserted far enough to engage the full sealing
capability of the conductor seal. After completing Steps 6 and 7 below, connect the free end

of the tube

to a regulated pressure source. Alternative methods of adding a

pressure/vacuum port are acceptable as long as the integrity of the part is not compromised.
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10.

11.

12.
13.

14.

15.

16.

17.

18.

Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 if not already
performed on the sample set

Verify conformance of each mated sample connector assembly to the Isolation Resistance
test, Section 5.5.1.4. This establishes a reference for the concluding Isolation Resistance
test.

Prepare enough salt water solution to completely submerse all of the samples. Use tap
water and 15-16 grams of table salt per liter. 10 ml of liquid dish washing soap per liter of
water may be added. Mix well before adding to test apparatus. It is recommended that an
appropriate ultraviolet dye be added to assist in visual inspection for any ingress of solution
into the tegtsamples.

Bend all cgnductors in the same direction, 90° to the back of each sample-con
and secur¢ them in this position, using actual conductor dress shields if availaple. This is to
simulate dfessing of the conductors as they exit the connector and is iftended|to stress the
conductor seal(s) as in actual applications. If actual production dress)shields are not
available, simulate production application intent as closely as possible. Ensurg that the tube
is not kinked, squeezed shut or otherwise obstructed. The tube’ should be left put of the 90°
bend if feagible. Seal all loose conductor ends to eliminate-pessible Leakage through the
conductor strands.
Completely submerse all samples into a container of the’Room Temperature salt water
solution prepared in Step 8 above. Use care to avoid/submersing any wire ends or the open

hector half

end of the

tube.

Slowly inciease the air pressure of the regulated pressure source supplying the tube in each

sample un
Observe s
Switch the

il the gage reads 48 KPa (7psig):
hmples for 15 seconds and verify that there are no air bubbles.™

regulated source from pressure to vacuum and slowly apply 48 KPa (7psig) of

vacuum to|the samples for 15 seconds. "

Remove thHe samples from the salt' water solution, shake off excess fluid and then carefully
dry all extgrior surfaces of the.sample.

Strip 10 mm of insulation from/the conductor ends of each terminal in one connector half
and perforin the Isolation Resistance test of Section 5.5.1.

Place the samples in atemperature chamber stabilized at the maximum ambignt
temperatute for the/Temperature Class selected from Figure 5.1.4 for the CUT|. Heat Soak

all sample
After the h
Room Teni

5 for 70-hours.

perature, then repeat steps 9 - 15, except limit pressure in Step 11

in Step 13,

bat Soak, remove the samples from the chamber and allow the sam

ples to cool to
and vacuum

10 28 KPa (4 psig)-

Verify conformance of all test samples to the Acceptance Criteria of Section 5.6.6.4.
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19. SPECIAL TEST for connectors with multi-cavity (mat) type conductor seals. This test is not
applicable to single cavity connector designs. This is an additional test and requires use of
new samples. Its purpose is to check for seal distortion from extremes of conductor size that
may produce a leak.
a. Repeat Step 1, except prepare one male and one Female Terminal (smallest conductor

size) for each connection pair to be tested.

b.

Repeat Step 1 except use the largest conductor size and insulation type for the terminals

to be used in the intended application. Prepare only enough terminal samples to fully
populate all connector pairs, less one cavity for each connector half and less the one

cavity |
Prepar
each ¢
prepars
pressu
conneq
preparg
place t
each ¢
d. Repea

[Tt open for the pressure/vacuum tube.

b a minimum of 10 connector pairs so that all but one randomly-sel§
bnnector half is populated with a terminal crimped to the largest ‘Con
bd in Step b above. Leave one cavity in each connector pait open f
Fe/vacuum tube, as directed in Step 1. Then fill the remaining cavity
tor half with the appropriate terminal crimped to the smallest condu
bd in Step a. above. Unless the size of the connecter makes it impd
ne smallest conductor in a cavity adjacent to the-pressure/vacuum t
bnnector pair.

Steps 4 through 18 using the samples prepared in Step c above.

' The length
within a mate
values within t
monitored to
seconds is co
comes up tot
the Authorize
mated connec

5.6.6.4 Ac|

1.
pressure a

2. After sam

nd inner diameter of the pressure/Vacuum supply tubing as well as
connector can have an effect on thetime required to reach the pre
e CUT. The pressure/vacuum within the mated connector housing
etermine if and when the pressure vacuum reaches the specified v4
sidered to be a minimum time, starting when the space within the C
e specified pressure/vaeuum levels. In the case of 1 and 2 position
Person shall determinethe method for pressure/vacuum monitorin
ors.

eptance Criteria

When samples are subjected to positive pressure, there must be no loss in the

nd no*bubbles visible exiting any test sample.

cted cavity in
ductor size,
br the

in each

ctor size,
ssible, do not
ibe. Number

the volume
ssure/vacuum
shall be

lue. The 15
UT actually
connectors

j within the

applied

lés)are subjected to negative pressure (vacuum), all must meet the

Acceptance

Criteria of the Isolation Resistance test, Section 5.5.1.4.

3.

At the conclusion of the test, all samples must meet the Acceptance Criteria of the Visual

Inspection test, Section 5.1.8.4. When disconnecting the samples, use care not to allow any
residual solution to enter the interior of any connector half. Careful examination is required
to detect any trace of fluid Leakage that escaped detection by the Isolation Resistance test.
There should be no trace of fluid ingress in the connector at the conclusion of this test.
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5.7

5.71

5711

The terminal

SPECIAL TESTS

Header Pin Retention

Purpose

ch At tactic niead 0 Antaromina tha ratantinn ~Af tha Mala Tarmminal
T J U "o T L

in certain

stitched or ins
male pins whe
the terminal w
disengagemer
not to “in-proc
connector sup
tested and ver

571.2 Eq

= Insertion/B
= Appropriat

= Collets, mandrels, or jaws to grip the terminal or pin in a longitudinal direction

5.71.3

NOTE: Sampls
terminals may
collets or man
pin locations fq

1. Moisture c

uipment

Procedure

brt molded Header Connectors. It may also be used to test the atta
n staked or soldered directly to circuit boards. Proper pin retention
Il not be displaced by forces associated with normal engagement af
t of the mating connector. These requirements apply to finished de

pss” products such as pin blocks or other sub-assemblies.” The mod

fied.

xtraction Force tester with peak reading feature
b fixtures to hold the connector

bs are to be production intent. For designs where pins are closely s
need to be selectively removed or cut to allow space for attachmen
grels. Pins-may be shortened if necessary to allow for gripping and
br a given design shall be tested and in no case less than 10 pins.

bndition samples by exposing “dry as molded parts” to 95-98% Relg

chment of
assures that
nd

vices only and
ule and/or

pliers need to determine at what stage of the process these requirements will be

hs needed

paced, pins or
of jaws,
fixturing. All

tive Humidity

at 40°C for

6-hours, then immediately complete the extraction test.

2.

Measurements shall be taken in both directions if possible, i.e. force To push the pin

longitudinally through the connector, and to pull it out as if removing a female plug from the
header. Depending on individual design, “pushing” or “pulling” may be reversed in order to
get the proper reading. It may also be appropriate to apply the loads from the back of the
connector on certain designs. Pressure or tension must be applied parallel with the axis of
the pin to achieve accurate results. In the case of headers with bent pins it may be
necessary to cut the pins in the straight section near the header. If the pins need to be cut
prior to taking the force measurement care should be used to avoid affecting the test result.
3. Secure the connector body to the appropriate fixture.
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Using the force tester, apply a ramping pressure to the terminal pin. Note and record the

maximum force required to displace the pin a maximum of 0,2mm, within the plastic

housing or board attachment. Repeat for each pin location. Where resultant damage to the
connector housing would affect readings on adjacent cavities, move to an undamaged pin or
use a fresh connector.

Using fres

h samples as needed, reverse force direction and repeat step 3.

5.71.4 Acceptance Criteria

The minimum

values specifig

NOTE: Values
based on nom

5.7.2 Con

5.7.21 Pu

This test is de

mounting featy

(pulling, pushi

without functig

5722 Eq

d in table 5.7.1.
Minimum
Displacement
Terminal Family Force
0.64 16N
21.5 SON

Table 5.7.1: Minimum Header Pin Displacement Force

fnal blade width.

hector Mounting Feature 'Mechanical Strength

rpose

signed to t€st'the mechanical strength of clip slots and other design

nal'damage to the housing.

force required to displace the pin longitudinally in either direction-sh

ires for electrical connectors. Such features must withstand mecha
ng, etc.) expected in the vehicle including vehicle assembly, service

all meet the

for terminal sizes falling between 064 and 1.5 are calculated by inferpolation

pd-in
hical stresses
and repair

uipment

= Force Tester

5.7.2.3

1. Testa min

Procedure

imum of 20 connectors (five in each direction).

2. One non-mounting (mating) connector may be used to test all connectors.

-72 -



https://saenorm.com/api/?name=c939151af11c62e8bf664caa94f3e032

SAE/USCAR-2

Revision 5

Revised 2007-11

PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

3. Secure a virgin connector with the designed-in mounting feature to a bracket with a fixture
simulating the coordinating mounting feature (see Figure 5.7.2.3-A&B). No additional
reinforcement of the connector slot is permitted.

4. With the connector assembly attached to the bracket, apply a downward force with a probe
(at a rate of 50 mm/min) to the non-mounted mating connector in direction F1 until breakage
of the mounting feature or until the force specified in the Acceptance Criteria of section
5.7.2.4 is reached. The force shall be applied 5 mm from the rear and side of the connector
to affect the greatest moment arm (see Figures 5.7.3.2-B, C & D).

5. Remove the connector from the fixture.

6. Repeat stgps 2—5 with four additional connectors. aL

7. Repeat stgps 2 — 6 in the other three directions (F2, F3, & F4 - 90 degrees apart, each
perpendicylar to the direction of mating of the mounting feature). The same samples may
be used for testing various force directions if not damaged.

SO o
////
Figure 5.7.2.3-A:~Mounting Fixture - Example
F4

> ~|5 mm
Mounting I — Support
Clip Bracket

mugm

F1 > L mfu]n] < F3

J

Latch //*—I I
F2

Figure 5.7.2.3-B: Test Set-up (End View)
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Mounting F4
Feature ‘ F3
i
715
ating igll Iﬁ‘j
; il lusisniarin) T e R 1574
Axis fjl g[ffj
}'{‘IH |fI
Maunting — > > M
Copnecto // K l
Non- - ﬁ ?
Mouhting F1 F2

Figure 5.7.2.3-C (3d View)

NOTE: “F” Arfows indicate direction of applied forée, not location of probe.

Mounting Feature D ~9
mm
Mounting Non-Mounting
Connestor (mating)
Connector

Figure 5.7.2.3-D (Side View)
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5.7.2.4 Acceptance Criteria

The minimum

5.8

The following

the Authorized
connection sys

procedures m

experience. T

but rather are
necessary.

Special design

5.8.1

5.8.1.1 Pu

The purpose g
connection syj
encountered W

expected. Thi
in addition to t

5.6.6). Perfori this test for.sealed connectors only.

This test and t
of protection.

58.1.2 Eq

High

force required to break the mounting feature shall be > 50 N.

SEVERE DUTY TESTS

Person addltlonal testlng is needed to demonstrate acceptabilityo
stem for severe duty applications. Because these situations aré)uni
ay have to be modified according to data gathered from prototype vé
hese procedures and acceptance criteria are not required fer gener
ntended to lend consistency to the test procedures when*such testg

provisions will likely be needed for connectors‘equired to pass the

Pressure Spray

rpose

f this test is to determine-the’ ability of sealed (S3 sealing classificat
stems to withstand high pressure spray during use. Such conditions
here there is direct.road splash or in cases where high-pressure wa
5 test is optional at the discretion of the Authorized Person and may
he Water Submersion and Pressure/Vacuum Leak Tests (sections §

he associated equipment are intended to conform to ISO16750, witl

judgment of

f the

Hue, the

bhicles or field

bl validation,
are deemed

se tests.

ons)

may be
shing may be
be specified
.6.5 and

n a 9K degree

uipment

= Fan jet nozzle

= Device hol

der

= Swiveling table
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Figure 5.8.1:2: Spray Nozzle and Table Arrangement

Spray Water flow Water Water Exposure
Equipment Requirements rate Pressure temperature Time
Fan jet Turatable Speed 14 {0 16 l/min { Approx (2@;5) °C 30s/
nozzle of (5x1) rpm (8000 to (Deviating position of
Position Angle of 10000) temperatures may | spray
(0°, 307, 60°, KPa be agreed) angle
90°)+5°

Distance of (100 to
150) mm

Table 5.8.1.3: Specification for High Pressure Spray Testing
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N —

5.8.1.3

= ©x

. Complete

5.8.1.4 Ac|

5.8.2.1

Procedure

A minimum of 10 mated connector pairs are required for this test. Use the smallest gage
wire and insulation appropriate to the application and prepare leads per section 5.1.6.
Prepare complete connector samples fitted with all terminals, seals, TPAs and grommets or
shields intended for the production application. For mat type cable seals, Select and mark
10 leads at random. Remove and reinsert the selected leads.
If specified, attach a vacuum port to the connector or connector mating device so that a

vacuum cg
completely
tubes may
Complete

Complete

Mount the
against the
If specified
Position th

With the table rotating, spray the connector under testfor 30s. Repeat at each

angles sp¢g
Complete
Condition §

examine fd

All parts sk
Upon exarn
shall be vig
All parts sh

n be pulled on the interior of the connection system. The vacuum.g
sealed and must not affect the normal sealing system of the conne
also be inserted through the cable seals per section 5.6.6.3, step 5
he Visual Examination per section 5.1.6.

he Isolation Resistance test per section 5.5.1

connector under test onto the device holder such thatthe connecto
turntable.

in the test request, expose the connection systém‘to a 48 KPa (7 p
e sprayer at a 0° and initiate spray and turntable rotation.

cified in table 5.8.1.3.

he Isolation Resistance per section 5.5.1.
samples at ambient conditions for 168 hours.
he Visual Examination of section*5.1.8. Dis-assemble each conneq
r any water intrusion or corrosion.

ceptance Criteria

all meet the isolation resistance acceptance criteria specified in seq
nination of the, interior of the connection system, no water or corrosi
bible inside the connector.

all meetthe visual examination acceptance criteria specified in sec

5.8.2 Sevrre Vibration

ort must be
ctor. Vacuum

lays flush
sig) vacuum,

of the spray

tor pair and

tion 5.5.1.4.
bn products

ion 5.1.8.4.

Pu

rpose

The vibration test method specified is applicable to in-line and Header Connectors. It considers
extreme vibration levels applicable to (vibration classification V3) connector systems that are
mounted directly to the drive train. Severe vibration testing should be considered for sealed
connection systems only. This test is optional at the discretion of the Authorized Person.

This test has two components: Sinusoidal vibration which results from the unbalanced mass of
rotating parts and random vibration due to various engine mechanics like closing of valves.
The sine component of the schedule is intended to duplicate vibration profiles of both <5
cylinder and >5 cylinder engines.
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The vibration profiles contained in this procedure are very severe and are not representative of
all situations. Actual measurement may need to be taken to determine a vibration and
temperature profile for each application. In any case, vibration profiles used for validation of
connection systems must never be accelerated. This results in non-representative failure
modes such as severe terminal wear and cable failure.

Note: This severe vibration test is required for components classified as V3.

5.8.2.2

Equipment

= Vibration T
= Vibration (
= Temperaty
= Accelerom

5.8.2.3

The sine and 1
temperature c
run simultaneq
1. Prepare sg

in its intended vehicleJocation. The mounting method(s) used shall be note

Procedure

able with temperature control capability (-40°C to Class Ambient)
ontroller

re Control Unit

eters

andom components of this test may be run concurrently or separatg
cling component (Figure 5.8.2.3-A, Table 5.8.2.3-A) is also include
usly with all vibration schedules.

mples and monitoring set-up per section 5.4.6.3.

b suitable mounting apparatus using-the following design criteria:
bunting apparatus must be constructed to minimize added effects (h
hing, resonance, etc.).

_ine Connectors, mount the_mated connector pair directly to the Mo
metallic clamp such that.the connector lays flush against the cube o

vice Connectors, mount the device directly to the Mounting Bracket

5.4.6.3-B. Use thehormal device mounting feature(s) used to secur

hductorattachment points must be 100mm +/-10mm from the rear ¢
tor body.

ly. A
j and is to be

armonics,

unting Bracket
r vibration

Refer to
e the device
bd in the test

f the

bnly\one conductor attachment point is specified, as when testing th

of the device and the attachment point is 100 mm.
samples to monitor continuity per section 5.1.9.

e connection

vice, the distance between the vertical centerline of the electrical receptacle

Complete the sine (Table 5.8.2.3-B) and random (Table 5.8.2.3-C) or combined sine and

random profiles concurrently with temperature cycling (Figure 5.8.2.3-A). Carry out the
frequency variation by logarithmic sweeping of 1 octave/min for sinusoidal tests.

Unless otherwise specified in the test request/order all CUTs mounted directly to the engine

or transmission shall be vibrated for 22 hours in each of the three mutually perpendicular
axes (X,Y,Z) for each vibration profile (sine and random) or 22 hours for the combined sine

2. Construct
a. The mq
dampe
b. ForIn-
with a
table.
c. ForDe
Figure
report.
d. Theco
conneq
e. When
to ade
portion
3. Setup the
4.
5.
and random.
6.
7.

Without un-mating the connectors, condition samples for 48 hours @ ambient conditions.
Verify conformance of each sample to the Acceptance Criteria of Section 5.8.2.4.
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