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1. SCOPE

This specification covers performance testing at all phases of development, production, and field analysis of electrical
terminals, connectors, and components that constitute the electrical connection systems in road vehicle applications that
are: low voltage (0 to 60 VDC) or coaxial. Incomplete (mechanical) specifications for jacketed twisted pair connectors are
also provided. These procedures are only applicable to terminals used for in-line, header, and device connector systems.
They are not applicable to edge board connector systems, twist-lock connector systems, >60 VAC or DC, or to eyelet
terminals.

No electrical connector, terminal, or related component may be represented as having met USCAR 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 supp

tested met all applicabld

NOTICE: If the product

document, they must pass special tests simulating the actual conditions to be’encounts
considered ag

are to be perf
authority for r
supporting d
documented

is given in the

2. TEST SEQUENCE
See Appendices C and
the order given unless
equipment are provided

A glossary of terms is
temperature, steady sta

3. REFERENCED DO

3.1 Document Hierarg

Ier of responsibility for documentation (DVP&R) of all test results and for Ve
acceptance criteria (see 4.3).

5 tested to this specification are or may be subjected to conditions beyong

ceptable for actual vehicle application. The authorized person is the final 4
brmed on his or her parts and for what purpose these tests ate required. H
psolving any questions related to testing to this specification and to author
ta) to the equipment or procedures contained in this Specification. Any
nd included in the final test report. Guidance as te:the recommended tes
charts in Appendices C and D.

D for required tests and 5.9.2 for test\procedures. The tests in each sectiq
otherwise specified in the test request/order. Construction details for se
in this specification.

provided in Appendix B. Terms defined in the definitions or glossary ar
e, PLR, etc.). A list of definitions is provided in Appendix A.

CUMENTS

hy

ification that all samples

those described in this
bred before they can be
uthority as to what tests
e or she is also the final
izing any variance (with
such deviation must be
s for selected purposes

n must be performed in
lected test fixtures and

b capitalized (i.e., room

In the event there is & conflict*between performance specifications, part drawings, and othg¢r related standards or

specifications, the OEM
criteria is not used mu

must{reconcile the differences. Any variance for any reason where the
st(be noted any place where a reference is made to the connector beir

USCAR-2 procedure or
g USCAR-2 compliant.

Requirements that typic
for reference only:

1.
2. OEM-released appli

3. OEM-released prod

IThel} Ty £k LIQA AL - 4 PR N DR T\ :
dily Tidve Privulity UVET CUTTIUUTTY UO VAN SPTUNILAlUTTS at INUTUT ATTIeTical

Applicable FMVSS or other state and federal requirements.

cable part drawing(s).

uct design specification(s).

OEMs are listed below
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How to identify a connector as being USCAR-2 compliant:

Connector makers are encouraged to identify when a connector has passed USCAR testing. The following wording is to be
used when identifying USCAR compliance: “Connector passes performance requirements of USCAR-2 revision ___
Exceptions to documented USCAR tests are: (list if applicable).” Connector systems that have met the requirements of
previous revision levels of USCAR-2 may not meet the requirements of later levels. These components are compliant to the
prevailing revision at the time of release of component part. To claim compliance to a newer revision level requires testing
and acceptance to the revised version of all changed requirements.

3.2 Part Drawing

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

¢ Dimensional requirgments (which must be in GD&T format).
e Performance requirgments.

e Component part nuber.

o Reference to applicable portions of this specification.

e The quantity and part number of terminals used.

e The typical mating donnector.

¢ Maximum permissiljle temperature sealing, vibration, and €fgonomic class (see 5.1.4) for whidh the part is intended or
has been successfully tested.

3.3 Product Design Specification
The product design spegification may or may not be an integral part of the part drawing. Instructipns must be included in
the product design specification for any specialiests required for the associated part and for any exgeptions or modifications
to the general specificatjons and requirements in this document.
3.4 Test Request/Order

3.4.1 Samples, Test Type, and.Special Tests

The laboratory test reqyest/order shall provide location and documentation of test samples, ident|fy the type of test to be
performed (development,-validation special purpase etc) and descrihe any special tests that are not a part of this

specification. Any required revisions to, or deviations from any tests in this specification must include detailed instructions
for each change.

3.4.2 Test Request/Order Instructions

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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3.5 Documents Mentioned in This Specification

SAE/USCAR-17 Performance Specification for Automotive Coaxial Connectors
SAE/USCAR-21 Performance Specification for Cable-to-Terminal Electrical Crimps
SAE/USCAR-25 Ergonomics Specification for Electrical Connections

SAE/USCAR-49 Performance Specification for Miniature Automotive Coaxial Connectors

AIAG MSA-4 Measurement Systems Analysis Reference Manual

IATF 16949 Automda
4. GENERAL REQUIR

4.1 Record Retention

tive Quality Management Standard

EMENTS

The supplier shall mainfain a central file for the storage of laboratory reports and/calibration recor

must be in accordance
4.2 Sample Documen
All test samples shall bg

4.3 Sample Size

Minimum sample sizes
test request/order. How

vith established ISO TS16949 and AIAG policies and-practices.
tation

identified in accordance with the requirements of IATF 16949 and the AIA

are given for each test in this specification. A greater number of samples
bver, no part or device may-hbe,represented as having met this specificat

sample size has been tg¢sted and all samples of the group tested have met the applicable acceptg

It is never permissible 1
represent that this speci

4.4 Test Conditions a

1. Default tolerances,

o test a larger group, then select the minimum sample size from among
fication has been met;

hd Tolerances

bxpressed-as. a percentage of the nominal value unless otherwise indicated:

Table 4.4 - Tolerances and test conditions

ds. Such record storage

G MSA-4.

may be required by the
on unless the minimum
nce criteria for that test.
those that passed and

Tnmpnrghlrn +3 °C
Voltage 5%
Current 5%
Resistance 5%
Length 5%
Time 5%
Force 5%
Frequency 5%
Flow Rate 5%
Sound 5%
Speed 5%
Pressure 5%
Vacuum 5%
Rel. Humidity  +5% (when controlled)
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2. When specific test conditions are not given elsewhere in this specification, the following basic conditions apply:
e Room temperature =23 °C +5°C

e Relative humidity = ambient (uncontrolled as in lab ambient conditions)

e Voltage 14.0 VDC + 0.1 VDC

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.

Table 4.5 - Equipment

ltem Deéscription Requirements
1 DC Power Supply (Regulated) 0-20V, 0-150 A

0-20 mV, 0-100 mA (Limits the~Open circuit voltagge to 20 mV and
2 Micro-Ohmmeter current to 100 mA. The micrgzohmmeter must alsg use either offset
compensation or current reversal methods to meagure resistance.)

Capable of measuringhe following at an accuracy of <0.5% of full scale:

3 Digital Multimegter (DMM) — 0-50 VDC = 0-10"MO

4 Current Shunts 100 mA or as required with accuracy of £1% of nominal

5 Millivolt Meter Capable of measuring 0-100 mV DC at 0.5% full s¢ale

6 Thermocouplgs Type W%or “T” and as required

7 Insertion/Retention Force Tester Capable of 1.0% accuracy, full scale

8 Data Logger As required

9 Temperature Chamber -40 to +175 °C or as required by temperature clasg, 0 to 95% RH
10 Vibration Confroller As required

2640 N (600 pounds) sine, 2200 N (500 pounds) RMS force

" Vibration Tabl (certification to V4 level may require larger capacity)

[

12 Vacuum As required

13 Megohmmetef Accuracy <5% of full scale, capable of testing at 500 VDC
14 High Pressure Spray Equipment See 5.6.7.2

15 Decibel Meter 1.5 dB “A” scale

16 Seal Retention Test Variable speed motor with rotating table. See 5.4.13.2.

Network Analyzer (for testing coax

17 circuits only)

Per USCAR-17 or USCAR-49 as applicable

NOTE: Use of equipment with a lesser range is acceptable for specific tests where the required range for that test can be
met. The equipment range specified does not preclude use of equipment with a larger range, but the accuracy must
remain within the specified tolerance.
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4.6 Measurement Resolution

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.

4.7 Test Repeatability and Calibration
All equipment used for test sample evaluation shall be calibrated and maintained according to the applicable standards and

requirements set forth by IATF 16949 and the AIAG publication Measurement Systems Analysis Reference Manual. Copies
of this manual can be obtained from the AIAG. (See Appendix B for contact information.) Documentation is to be recorded

and retained in accordance with 4.1 of this specification.

4.8 Conformance Def

Conformance shall be d
requirements regardlesy

4.9 Disposition of Sarf

Should premature nondg
continued to gain additi
immediately made, the f{
investigative in nature, g
validation, stop the test
reason (safety, equipme
The test request/order

4.10 Part Endurance

Successful completion d
of the components and
application for 200000 n
5. TEST AND ACCEP
51 General

The test procedures tha
in Appendices C and D.

5.1.1

ermination

etermined by the specified requirements of the test being conducted. All s
of sample age, test cycles, or test temperature.

nples

onformance occur during a test, contact the authorized" person to deter
pnal product experience or if testing is to be suspended or terminated.
ype of test shall determine the disposition of the samples. If the test order
ontinue until the requesting party or parties are available. If the test order i
until the requesting party can be contacted.lf\the test must be stopped or
nt failure, etc.) the authorized person must,be contacted for concurrence be
hould always specify desired sample disposition at the conclusion of the a

f the requirements of this specification is intended to demonstrate that the
connector systems tested’/are capable of operating in their intended v
hiles.

TANCE REQUIREMENTS

[ followwere written as steps and intended to be performed as specified in

amples must satisfy the

mine if the test is to be
Vhen contact cannot be
indicates that the test is
5 for sample approval or
terminated for any other
fore the test is restarted.
pplicable testing.

design and construction
ehicle environment and

5.9.3 t0 5.9.9 as shown

Performance Requirements

Connection systems must meet all performance test requirements for the appropriate class as listed in 5.1.4.

5.1.2

Dimensional Characteristics

Part construction shall conform to the dimensions, shape, and detail attributes specified on the latest revision of the

applicable part drawing(

s).
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5.1.3 Material Characteristics

Parts are intended to be in their “as furnished for vehicle assembly” condition when testing begins, unless specific
instructions as to any pre-test “conditioning” are contained in the test request/order. For example, electrical terminals
typically have residual die lubricant on them when finally assembled into a vehicle. This same condition must prevail over
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.

5.1.4 Classifications

Components to be tested must be assigned a class from Table 5.1.4.1 according to the expecjed environment in their
intended vehicle applicgtion. Include the classifications to use in the test request/order and the repprt of results.

5.1.4.1 Temperature Classification

Components to be tesfed must be assigned to a temperature class from Fable 5.1.4.1 accprding to the expected
environment in the interlded vehicle application. See Appendix E for design nates helpful to proper selection.

Table 5.1.4.1 - Component temperature classes

Temp. Class | Ambignt Temperature Range Typical Application
T -40to+85°C T1 is not recommended for new applications
T2 -40 to +100 °C Suitable for\use in passenger compartment
T3 -40 to +125 °C Suitable for use in the engine compartment
T4 -40 to +150 °C Needed for some on-engine applications near hpt components
T5 -40 to +175 °C For use as needed -- no specific applications ar¢ identified as T5

5.1.4.2 Sealing Clasdffication

Components to be tested must be assigned a class from Table 5.1.4.2 according to the expeg¢ted environment in the
intended vehicle applicgtion.

Table 5.1.4.2 - Component sealing classes

Seal Class Common Name Typical Application
S1 Unsealed S1 is suitable ft?r use in passenger compartment or other dry
areas on a vehicle such as the trunk
S2 Sealed S2 is intended for connectors exposed to water
S2.5 Sealed Against Low Pressure Spray | S2.5 is intended for exposed locations at risk of direct splash
s3 Sealed Against High Pressure Spray S3 is intended for exposed locations at risk of direct high-

pressure splash (or car wash spray)
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5143

Vibration Classification

Components to be tested must be assigned a class from Table 5.1.4.3 according to their intended vehicle applications. See

Tables 5.4.6.3A, B, C, a

nd D for shock and vibration schedules.

Table 5.1.4.3 - Component vibration classes

Class Common Name Typical Application Other Requirements Met

V1 Chassis Profile Components on sprung pqrt|ons of None
vehicle not coupled to engine

V2 Engine Profile Compon?ntsl_coupled_lt? engine with no Ij’as‘,?‘on V2 implies pass also
SCVCIT VIDIAllUIT PUSSIVIT 101 V1

. . . . Pass.on|V3 implies pass also

V3 Severe Oh-Engine Components subject to severe vibration for VA and V2

V4 Extreme Vibration Used as needed to correlate to extreme '‘Pass on|V4 implies pass also
vibration areas for V1 and V2 and V3

V5 Unsprung Component Wheel-mounted components None

5.1.4.4 Ergonomic Clgssification

Components to be test
designation shall be doq
5.1.5 Testing Header
Cases frequently arise

Header or to a recepta
completely test the elec
be taken in these cases|

unacceptable, or making
integrity must be modifie

Another problem someti
electrical tests. The gen
attaches to the circuit

subtracted during the connection resistance calculation. However, if there is more than one “tail”

bulk resistance per unit

bd must be assigned an ergonomic class fram the requirements in SAE
umented in the test plan and listed on the eomponent drawing.

5 and Direct Connect Components

where only one half of a connector, usually the female half, is available a
Cle in an electrical component jor device. This presents special problems

so as not to introduce leak paths that are not present in the vehicle applig

the necessary electrical connections is not feasible, the tests normally reqy
d.

bral rule is-to.connect one of the millivolt test leads at the point where the h
poard or similar point in the device. The bulk resistance of the termina

length is common, it may be more convenient to attach the millivolt lead

from the connection to

/USCAR-25. This class

nd it mates directly to a
for testing. In order to

rical connection, access must be gained to the terminals in the device or peader. Great care must

ation. Where this risk is
ired to verify connection

mes arises due-to the length of the terminals or buss bars in the device or header when conducting

eader or device terminal
“tail” is measured and
length involved, but the
5 at a common distance

e measured

Therefore, in situations where there is more than 50 mm from the point of contact in the connection nearest to the header
or device to the point where the terminal “tail” or buss bar connects to the device, these two options are available. (1) Attach
the millivolt lead at a convenient common distance 30 to 50 mm from the contact to be measured. Then subtract the bulk
resistance of the selected common length when calculating the resistance of the associated header 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 of millivolt lead attachment and subtract this resistance when calculating the resistance of the associated header
or device connection. When attaching millivolt leads, take care that the heat applied does not damage plating or cause
stress relaxation in any connection component. Application of an appropriate heat sink may be advisable. See Figure 5.1.5.
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 mm + 3 mm 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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Coannector
Header Printed circuit
board or device
connection
< 30-50mm Tz }I points
T  30-50mm
3 = I €30 =50mm 12 L
—b| | le— [T} 7
Imm i
: M*r3Imm
Figure 5.1.5 - Millivolt lead T1 and T2 attachment for headers-(typical)
It may be that the electrical component or device being connected is not itself capable of withstandipg the tests to which the

connector is usually su
obtained. Then the requ

in order to test the integiity of mating connectors. Such modifications to the:device are appropriate
case, the authorized person must be consulted-and must approve any dgviation from the normal

in the test report. In any
tests of this performancy

5.1.6  Terminal Sampl

Terminals used for testing shall be crimped to requirements as defined in SAE/USCAR-21. Cr

characteristics and mec
Crimp both the condud
appropriate cable sea
recommended assembl
the mating female conn
terminal (except for ins
appropriate. Crimp infor
the test report. The foll
approved separately pe

5.1.7 Connector and/

bjected. In these cases, samples of just the connectorireceptacle portior
red connections for testing can be made and sealed<Leak paths in device

p specification.

e Preparation

hanical pull strength shall be within-tolerance as it applies to the respectivg
tor and insulation grips unless otherwise specified in the individual te

of the device must be
5 may need to be sealed
ut must be documented

mp dimension physical
e terminal and wire size.
5t procedures. Use the

as applicable. Assemble \insulation displacement type terminals p
criteria. When testing header-type connectors with mating connectors,

Llation displacement type terminals) and number samples for tracking a

mation (tooling used to prepare samples, crimp dimensions, and wire type
bwing note applies to wire harness fabricators: Production crimps shall b

br Terminal Cycling

5.1.7.1 Purpose

r their manufacturer’'s
repare samples only for

bctor (see 5.1.5). Recard the crimp height and width of a representative gfoup of samples of each

d later identification as
shall be documented in
e tested, validated, and

SAE/USCAR=21 based on wire size, stranding, and insulation wall thickngss.

This procedure preconditions a connection system pair or terminal system pair prior to a test sequence. Connectors may
be subjected to cycling due to in-plant and/or service repair during the life of the connector. Complete this procedure only

once when conducted a
5.1.7.2 Equipment

None.

s part of a test sequence as specified in 5.9.
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5.1.7.3 Procedure

1.

centerlines to prevent side pressure that may distort either terminal.

Completely mate and unmate each connector or terminal pair ten times. Use instructions below as applicable:

When working with terminals only, use caution to ensure that mating and unmating is done along terminal

On connectors with shorting bars, complete the dry circuit measurement across the shorted contacts (connector

unmated) per 5.3.1. Record the number for later use in calculating the resistance change as part of the dry circuit

a.
b.

test procedure.
c.

unmating per in
d. If connector und

of the PPP after

Re-mate connectors
respective procedu

continuous line in pgrmanent marking (i.e., paint) on the bolt head and the{Cohnector housing

NOTE: The purpos

of whether the bolt loosens during environmental testing.

5.1.7.4  Acceptance (

None.

5.1.8 Visual Inspectig

5.1.8.1 Purpose
This test is used to dod|
samples. Examinations
sensitivity, under appr
documentation. An app
comparisons.

5.1.8.2 Equipment

If connector under test is a male connector with a manual-resetting pin protection plate, reset the PPP after each

structions from connector maker.

er test is a male connector with an automatic-resetting pin protection_ plate,
each unmating.

5 or terminals for one last time in preparation for future testisequences o
e to follow. If CUT is a bolt-mated connector, do the/following after th

b of the marking is to locate initial bolt head positionrelative to the connecto

riteria

>

ument the physicalappearance of test samples. A comparison can then
n most cases canh be accomplished by a person with normal or corrected
ppriate lightingi\Photographs and/or videos are encouraged as a mo
opriately identified untested sample from each test group must be retain

visually ensure the reset

" follow directions in the
e final mating: Apply a
hearby to the bolt head.

to allow an assessment

be made with other test
vision, and normal color
re complete means of
ed for post-test physical

e Camera

Video recorder

Magnification apparatus (as required)
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5.1.8.3 Procedure

1.

Inspect for defects or non-functionality. Visually examine each test specimen prior to testing and/or conditioning, noting

in detail any obvious manufacturing or material defects such as cracks, tarnishing, flash, etc. When specified in the test
request/order, take photographs and/or video recordings of representative samples to be tested and keep a properly
labeled control sample.

After testing and/or conditioning, re-examine each test sample and note in detail any observable changes, such as

swelling, corrosion, discoloration, contact plating wear, physical distortions, cracks, loss of mechanical function evident,
etc. Compare the tested and/or conditioned samples to the control samples, the videos, and/or the photographs,
recording any differences in the test report.

2.
3.

specific material sp
4.

whether the line is §
5.1.8.3.1

At the conclusion of the|
evidence of deterioratid
inspection follows dry c
wear pass and fail such

¢ Inspect all male terr

¢ Inspect all female tg

e Inspect no fewer th{

5.1.8.3.2  Sealing/Eny
At the conclusion of thg
disconnect each mated
disconnecting the samp
examination is required

5.1.8.4 Acceptance (

If CUT is a bolt-mated connector, find permanent marking line placed on the bolt head“in ste

Contact Sufface Examination

cification.

till aligned with the line on the connector housing near the bolt head.

For CUTs subjected to test sequence Q (see 5.9.7), swelling of cable and seals is permissiblé within the limits of that

b 5.1.7.2 #2 and assess

test sequence M (see 5.9.6), examine terminals with' the aid of 10X magnification looking for any

n, cracks, deformities, excessive plating wear, etc., that could affect fu
rcuit resistance measurement, inspect to the following (suppliers must pr
as photographs):

hinals

rminals with resistance over 75%-6f resistance criteria

n five female terminals

ironmental Protection (Solution Intrusion)

appropriate test(sequence as specified in 5.9.7 and 5.9.9, thoroughly dr|
sample pair.and perform the visual inspection of all inside areas and

les, use care-not to allow any residual solution to enter the interior of any

to detect any trace of solution intrusion.

ritefia

nctionality. When visual
ovide criteria for plating

y the samples and then
sealing surfaces. When
connector half. Careful

The CUT shall not show any evidence of deterioration, cracks, deformities, etc., that could affect functionality. Additional
procedure-specific criteria may be listed under each test.

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 nonconductive debris at the contact
interface. Use this procedure when specified in the individual test.
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51.9.2 Equipment

Continuity tester (CT)

Power supply capable of 100 mA DC

5.1.9.3 Procedure

At least ten individual terminal and five connector pairs must be monitored. On connectors with up to ten cavities, all cavities
shall be monitored on the five samples. On connectors with more than ten cavities, all terminal cavities must be represented
in the five samples, with a minimum of 50 terminals monitored. Monitored terminal pairs should be distributed as evenly as
possible among the connectors tested. Distribution of monitored pairs should be done per the following general patterns.
The authorized person ghall determine the final monitoring pattern. The pattern shall be documented in the test report.

X X

X X

X X
X X
X X

X
X
X

A pattern as defined by the “X” marks.is suggested if practical
Figure 5.1.9.3 - General pattern for circuit monitoring
hals shall not be the same samplées used for subsequent dry circuit readings for record, since the

bment may cause the potentialyacross the circuit to exceed 20 mV. Dry cifcuit readings, however,
5 an aid in root-cause diagnosis.

NOTE: Monitored termi
monitoring equi
may be taken a

with only two free ends.
ad to the free end of the

om each terminal inthe CUT in series to form one continuous current path
bnductor ends to a2-W, 120 Q + 1.2 Q resistor. Solder the “—* (negative) le

Solder the conductors fr
Solder one of the free ¢

resistor and the “+” (pos
resistor, making sure th
supply to provide 100 m
that current falls below
resistor. A reference illu
may be used. The test f

tive) lead to the remaining free conductor end of the CUT. Connect the co

at the negativelead of the CT is connected to the negative side of the re

A to the circuit. Set the CT to monitor the current through the resistor and re
95 mA<-As an option, the CT may be used to monitor one or more term

stration of the test set-up is shown in Figure 5.1.9.3. Other suitable continui
xtures, system layout, and test set-up must be approved by the authorized

htinuity tester across the
sistor. Adjust the power
cord any instance where
nal pairs instead of the
ty monitoring equipment
person prior to testing.
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Continuity Tester D.C.PawerSupply
0-100 12.00
iy = Amps | [ Volts
A
Qoo g RO Qol |00
- = 4
o
& ) .
| 2W Resistor
120+ 1Q

Ckt
1

Ckt

A

5.1.94 Acceptance (

Where continuity monitgring is required during any conditioning precedure, there must be no los
stor current dropping below 95 mA), for marethan 1 ps. If one or more term
rather than the series resistor, there must be no instance in.which the resistance of any termina

(any instance of the resi

more than 1 ps. Figure §

r4

PP,

h—— .

Ckt

Figure 5.1.9.3 - Connector environmental test set-up

riteria

b.1.9.4 illustrates the acceptance criteria graphically.

Contact A
Resistande

7 ohm

Acceptable

Not

/ Acceptable

o

Time

s of electrical continuity
nal pairs are monitored,
pair exceeds 7.0 Q for

5.1.10 Mat Seal Sampl

5.1.10.1 Purpose

1us

Figure 5.1.9.4 - Intermittency measurement

e Preparation

This procedure preconditions a multi-cavity (mat) seal of a sealed connection system to ensure the sealing performance
within the design-intent cable size range and that the terminal does not damage the seal during service operations.
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5.1.10.2 Equipment

None.

5.1.10.3 Samples

Prepare two sets of ten CUT samples. Number each connector pair.

1. Ten samples prepared with terminal samples per 5.1.6 using the smallest conductor size and insulation thickness

applicable to the design of the terminal to be tested and to fully populate the CUTs.

Ten samples prepared with terminal samples per 5.1.6 so that all but one cavity in each connector is populated with a
terminal crimped to the largest applicable conductor size. The one exception is the cavity-lpcated farthest from the

connector center. F
5.1.10.4 Procedure

Select ten cavities at ra
and re-insert the termin

5.1.10.5 Acceptance (
None.

5.2 Terminal Mechan
5.2.1
5.2.1.1 Purpose
This test determines the
number of terminals tha
dependent on this info
disengagement are recq
5.2.1.2 Equipment

e Insertion/retention f

Il that cavity with the appropriate terminal crimped to the smallest applicab

dom among each sample set per 5.1.10.3 and record the connector and @
Is in the selected cavities twice (insert-remove-insert-remove-insert).

riteria

cal Tests

Terminal to Terminal Engage/Disengage Force

engage and disengage forees of compatible male and female terminal pa
t can be packaged inteach connector design without exceeding allowab
rmation. Note thatthis test is written so that only the first engageme
rded and used ta_verify compliance with the acceptance criteria.

brce tester with peak reading feature

o Polished steel gage

(optional)

e conductor size.

avity numbers. Remove

jrs. Determination of the
le mating force limits is
nt and the last (tenth)

5.2.1.3 Procedure

1.

Completely identify and number each terminal to be tested. A minimum of 20 samples (ten male and ten female) are
required. If the optional step 8 is to be used, at least an additional ten female terminal samples will be required.

2. Fixture one male and one female terminal so that proper alignment is achieved during testing.

3. Engage the mating terminals at a uniform rate not to exceed 50 mm/min. The force shall be applied parallel to the
centerlines of the terminals. Proper alignment of the terminals is critical to avoid side loads and binding which can
adversely affect the force measurement.

4. Record the peak force required to completely engage the terminal to its mating part. This is for information and is not

used in the acceptance criteria.
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Disengage the mated terminals at a uniform rate not to exceed 50 mm/min. The force shall be applied parallel to the

Repeat steps 3 and 5 nine more times at a rate not to exceed 100 mm/min (no readings are taken). Record the tenth

disengage force reading taken at a rate not to exceed 50 mm/min. This force is recorded for information and is not used

for each pair (one male and one female) of sample terminals.

(Optional gage test) Repeat steps 2 to 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 0.01 mm of nominal. Surface finish must be
0.076 to 0.305 um (3 to 12 uin). Polish direction must be parallel to the blade/pin length. Test the additional ten

production female t¢rminal samples to determine the force correlation between polished gage

> centerlines of the terminals.
6.

in the acceptance criteria.
7. Repeatsteps 2to 6
8.
5.2.1.4  Acceptance (riteria

and actual samples.

Complete the visual exgmination per 5.1.8 noting any wear of the contact surfaces. No base matefial should be exposed.

5.2.2 Terminal Bend

5221 Purpose

This test checks for ter|
strength for the conduc
Since terminal material
values have been assig
up to the authorized p¢
application.

NOTE: This test is not applicable to terminals where:the wire attachment is 90 degrees to the dire

5.2.2.2 Equipment

Steel mounting fixtu

e Crosshead-style for

5.2.2.3 Procedure

Resistance

Mminal resistance to bending or breaking during ‘crimping, assembly, or s
or size selected can lead to a high incidence-of terminal damage during
thickness varies so widely, and the bending force can be applied in any
hed to this test. Actual bending force vallies in each of three directions ar
rson to evaluate the results and determine the suitability of the tested

re(s) appropriate(tojthe terminal(s) under test

ce tester with*measurement capability (or weights) capable of forces in Tal

prvice. Insufficient bend
the assembly process.
direction, only minimum
recorded and it is then
erminal for its intended

ction of insertion.

le 5.2.2.4

1. From Figure 5.2.2.3

-1 determine which design style most closely resembles the TUT.

2. For style “A” terminals, prepare a total of at least 15 samples. For style “B” terminals, prepare a minimum of 30 terminals,
to test both bend locations.

f Location “1” _\ K Location “2”
Style “A” Style “B”

Figure 5.2.2.3-1 - Terminal design style
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3. Number each terminal. Use at least five new samples for each test sequence, steps 6 to 9.
4. Mount the TUT in a fixture taking care that location “1” is positioned as shown in Figure 5.2.2.3-2.

5. Apply force to the sample as shown in Figure 5.2.2.3-2, then release. The required forces by terminal nominal size are
listed in Table 5.2.2.4.

6. Inspect the area around the bend using at least 10X magnification. Note in the test report any signs of metal cracking
or tearing. Straighten the terminal to its original position and re-inspect the terminal for cracks.

Location “1”

} Center

Line

Figure 5.2.2.3-2 - Terminal bend test

7. Select a new batch|of at least five samples and mount them in the test fixture with the termipal rotated 180 degrees
from the position shpwn in Figure 5.2.2.3-2. Repeat steps 5 to 7.

Table 5.2.2.4 - Applied bending force by terminal size

Nominal Blade Size Applied Force

(mm) (N)

<0-5 to <0.64 3.0
0.64 to <1.5 4.0
1.5t0<2.8 7.0
2.810<6.3 10.0
6.3t0<9.5 15.0
9.51t0<14.5 20.0
214.5 30.0

8. Select a new batch of at least five samples and mount them in the test fixture with the terminal rotated 90 degrees from
the position shown in Figure 5.2.2.3-2. Repeat steps 5 to 7. Since terminals are typically symmetrical in this “side to
side” direction, it is not necessary to test both directions. If the TUT is not symmetrical in this direction, it may be
necessary to test both ways.

9. For terminal style “B” designs (see Figure 5.2.2.3-1), repeat steps 5 to 9 with each TUT mounted such that location “2”
is firmly retained at the edge of the fixture.
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5224

Acceptance Criteria

The TUT must not tear when subjected to the applied force. If the TUT was bent from its original position during the test, it
must not tear or crack when straightened to its original position.

NOTE: Most terminal and connector manufacturers have internal documentation regarding minimum terminal straightness
required for successful processing and quality. Consult the respective supplier(s) for these requirements. This test
does not override these requirements.

5.3 Terminal - Electrical Tests

5.3.1

Dry Circuit Resistance

5.3.1.1  Purpose
This test determines the
and the contact interfact

5.3.1.2 Equipment

e  Micro-ohmmeter

5313 Procedure
Take care to avoid any
rupture any insulating fil
this test are already con|
authorized person. This
outside of a connector
twisted pair cable, meas

NOTE: Since this test

surfaces during
performed on th

terminal to be testeq

combined resistance of the two conductor crimps (or single crimp in the cas
b of a mated terminal pair in a connector, under low-energy conditions.

mechanical disturbance of mated terminalksamples submitted for this test.

tained in their mated connector housings, do not disconnect them unless 9
procedure is typically used for mated connectors but can also be used
housing. Measure all conductors- under test. For coax, measure center a

ure both cables.

s done to detect the presence of thin insulating films that may have de
field service or enpvironmental type stress tests, it is important that no
e samples prior tO this test.

Prepare samples per 5.1.6 using-the cable size per the appropriate test sequence (see Tab

. If terminals being tested are already inserted into a connector housing, o

ave-been subjected to prior testing, do not disconnect their connector Hh

e of a header connector)

Such disturbance could

m which may have developed on the caohtact surfaces. If for any reason the¢ terminals submitted for

therwise directed by the
or mated terminal pairs
nd outer conductor. For

veloped on the contact
other electrical test be

e 5.9) applicable to the
mit this step.

ousings or remove any

Measure and record the resistance across 150 mm of the conductor to be used for the test. For tests using a header

terminal as one half of the test connection, see 5.1.5 and measure only 75 mm (this is a recommended length for most

2. For terminals that h
terminal from its hoyising.
3.
applications) of the conductor.
4.
8. Record the conductor resistance.
5.

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

Choose the preferred method of taking measurements (e.g., soldered sense lead or probe) and document the method

chosen. Figure 5.3.1.3 shows lead locations before mating terminals or inserting terminal into the connector. Sense
lead must be soldered for all stranded cables. For header connectors, T2 is attached to the header terminal per 5.1.5.
Millivolt leads must be no larger than 0.22 mm?2. Note that Figure 5.3.1.3 shows an unplugged female (on left) and male
(on right) terminal, but the same method of voltage probe attachment applies to terminals in connectors.
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7.

T2

— [ le—
¢ ' Imm
75 £3mm 751 3mm

Figure 5.3.1.3 - Typical millivolt lead locations

If sample is a terminal with no connector housing, 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 1 mm of excess insertion between the rearmost
contact point with the female terminal and the start of any lead-in taper on the male terminal, as illustrated in Figure
5.3.1.4. This dimensgion is to be calculated from the terminal drawings by the authorized person, taking into account the
worst-case tolerancgs. Each male terminal is to be suitably marked so test personnel cap.make(the one and only mating
of the test terminal pairs to the correct depth. Score marks or any other marking that(might infroduce contaminants or
alter the strength or{conductivity of the male terminal or the interface are not permitted.

SINGLE SPRING MEMBER EXAMPLE
Farmale Terminal

< T Male Terminal

AMMBELE LWIA W PR, G W— EntryEnd
1.0mm <>
minimum Point of coatact
Nearest.antry end

— Start'af Taper

MULTIPLE'SPRING MEMBER EXAMPLE

Female Tepmral ——— - Leaf Springs —
ém._,——T—-____

Male Ferminal — > .
B4
Entry End I

1.0mm
minimum

A
Y

Point of contact
Mearest entry end

Start of Taper

Figure 5.3.1.4 - Terminal insertion

If sample under test is a terminal pair with no connectors, provision must be made for mounting them on an electrically
nonconductive surface in such a manner that the mechanical stability of the male to female interface can be maintained.

Carefully mate the test connector or terminal pair. If the sample under test is a terminal, follow these additional
instructions: Mate to the appropriate depth, as specified in step 5 above. Use caution to ensure 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.
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9. Using the appropriate equipment, measure and record the resistance between T1 and Tz, as shown in Figure 5.3.1.3.
Then deduct the conductor resistance to find the total connection dry circuit resistance.

10. Verify conformance

to the acceptance criteria of 5.3.1.4.

NOTE: Taking both initial and post-test dry circuit resistance measurements is suggested. Initial values are for information
only and do not have pass/fail requirements. These values can be used to compute resistance change.

5.3.1.4

Acceptance Criteria

The total connection resistance calculated in step 9 must not exceed the values listed in Table 5.3.2.4.

For connectors with sho
shall be <40 mQ. Other

5.3.2 Voltage Drop

5.3.2.1 Purpose

This test determines th
interface regions at spe
of the CUT. Voltage dro

5.3.2.2 Equipment

¢ Digital multimeter (O

DC power supply (0

e Current shunts

5.3.2.3 Procedure

1. Prepare samples pe
already inserted intdg

If testing terminals o
practice is that, in th
with the female tern

ting bars, the change in connection series resistance of both contacts while
requirements may apply depending on the purpose of the shorting cireuit:

e voltage drop associated with the electrical resistance of the conduct
cific current conditions. This voltage drop is then used to calculate the tot
b test does not apply to coax or JTP circuits.

MM)

to 20 VDC at 0 to 150 A)

r 5.1.6, using the.cable size per the appropriate table test sequence. If te
a connector housing, omit this step.

utside of'‘connectors, the male terminal must be inserted to a precise depth i
e worst case, there must be at least 1 mm of excess insertion between th
hinal’and the start of any lead-in taper on the male terminal, as illustrate

in the “shorted” position

br crimp(s) and contact
al connection resistance

minals being tested are

nto the female. Standard
b rearmost contact point
i in Figure 5.3.1.4. This

dimension is to be ¢

alcdlated from the terminal drawings by the authorized person, taking into|

account the worst-case

tolerances. Each male terminal is to be marked so test personnel can make the final mating of the test terminal pairs to
the correct depth. Score marks or any other marking that might introduce contaminants or alter the strength or
conductivity of either terminal or the interface are not permitted. If testing terminals inserted into connectors (such as
when performing test groups M, N, O, or P), the connector housings control terminal location and no special depth

control is used.
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@

Current
Shunt

D.C. Power Supply

Sa

DMM
| —

+
® @ ©oo0o
> A

If testing terminals o
in such a manner th

Carefully mate the

pair to the appropri
centerlines to preve
the correct insertion

Assemble the test ¢
or 5 A/mmZ of cond

T\U7 0.22mm?
L SuH EET
| —p

I | ——|

75 £ 3mm 75+ 3mm

Figure 5.3.2.3 - Typical current resjstance test set-up

utside of connectors, provision must be made for mounting on an electricall

est terminal or connector under test. If testing terminals outside of conne

nt side pressure that may, distort either terminal. Secure the TUT to the
depth is maintained throughout the test.

rcuit shown in Figure\5.3.2.3. Adjust the power supply to provide a test cun
ictor cross sectian.)(Refer to ISO 19642-3, SAE J1127, or SAE J1128 for

the cross-sectional grea of the conductor.) More than one terminal or connector pair may be tes

5.3.1.3 for connectiq
used.

Measure and recor,

n resistancé/millivolt lead locations, for placement of the millivolt test leads

H the-millivolt drop across the conductors only using the test current de

conductors will be 1

50mm of the conductor size and insulation type to be used during the tes|

te depth, as specified in step-2-above. Use caution to ensure that matini

y nonconductive surface

at the mechanical stability of the male, t6,female interface can be maintained.

ctors, mate the terminal
is done along terminal
ounting surface so that

rent at the lower of 50 A
assistance to determine
ted in series. See Figure
Record the test current

termined in step 5 (the
[ for in-line connections;

for header type con

nectors, see 5.1.5 and measure the millivolt drop across only 75 mm of t

he conductor used). For

attachment points exceeding 75 mm + 3 mm per side, the extra wire resistance shall be measured and subtracted per
step 9. It is recommended to attach sense leads for vibration beyond the initial retention point which will resultin >75 mm

leads.

Choose the preferred method of taking measurements (soldered sense lead or probe) and document the method
chosen. In either case, the sense point T1 (see Figure 5.3.1.3) must be soldered for all stranded cable. For header type
connectors, T2 is attached to the header terminal per 5.1.5. All millivolt leads must be no larger than 0.22 mm?.

Set the power supply for the current determined in step 5 and wait 30 minutes minimum to ensure that the test current
stabilizes at the appropriate value. Allow sufficient time for all other test equipment to warm and stabilize per the

manufacturer's reco

mmendations.
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9. Using the test current determined in step 5, measure and record the millivolt drop (mVD) readings between test points
T+ and T2. Use these values in Equation 1 to calculate the voltage drop across the entire connection, including the
crimp(s) and terminal interface. In the case of header type connectors, Tz is attached to the “tail” of the header connector
per 5.1.5.

mVD of crimp and terminal = mVD (T1- T2) - [mVD Conductor(s) measured in step 6] (Eq. 1)

Use these results to verify conformance to the acceptance criteria of 5.3.2.4. Values for terminal sizes between 0.50 mm
and 9.5 mm but not in the table are calculated by interpolation.

NOTE: These values apply both before and after any environmental or mechanical conditioning and to field samples.

5.3.2.4  Acceptance (riteria

For in-line connectors, the mVD values calculated in step 9 shall meet requirements per Table'5.3]2.4.

NOTE: The values in the table defined as total connection resistance are for “crimp andterminal” mneasurements (T to T2
in Figure 5.3.2.8) less the appropriate conductor resistance. For headers, fotal connectign resistance values are

the “crimp- to- tail” (T1 to T2 in Figure 5.1.5) less the appropriate conductor resistance.

Table 5.3{2.4 - Maximum values for dry circuit (see 5.3.1).and voltage drop for (see 5.3.2)

Nomipal Male Maximum Total Connection Resistance (mQ)
Tefminal Terminals with Terminals with Precious | Voltage Drop
Size Tin Plating Metal Plating® (mV)®
0.50 mm 25.0 25.0 50
0.64 mm 20.0 10.0 50
1.2 mm 15:0 10.0 50
1.9 mm 10.0 10.0 50
2.8 mm 5.0 5.0 50
6.35 mm 1.8 1.8 50
9.9 mm 1.0 1.0 50
14{5 mm 0.7 0.7 50
(Goax 24 - Center 24 - Center N/A@
(center pin|dia. >0.4 mm) 6 - Shield 6 - Shield
“Mini” Coax 24 - Center 24 - Center N/A®
(center pindia. £0.4 mm) 10 - Shield 10 - Shield
Twisted Rair 250) 250) N/A®

NOTES:
() Silver or gold top plating.

(2) High-performance 6.35 mm terminals may require a tighter value. It is the connector maker’s responsibility to
identify high-performance terminals and define the alternate criteria.

®) For reference: 1 mQ =1 mV/A.

) Maximum voltage drop test may be desired for “power” applications such as “power over coax” (PoC). Methods
and limits for these special cases are customer-specified.

) Criteria apply to both circuits in the pair. Only limited tests for twisted pair are in USCAR-2.
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5.3.3 Maximum Test Current Capability

5.3.3.1  Purpose

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) versus
current (X axis) is plotted for each applicable conductor size, but these graphs are not used for applications in a vehicle
(see Appendix E). This test is conducted on terminals alone, thus eliminating the variation that may be introduced by the
heat dissipating characteristics of connector housing designs and sizes. Current rating is not applicable to coax cable test.

5.3.3.2 Equipment

Digital multimeter ([
DC power supply (0
Current shunts (size
Thermocouples (Ty
.
5.3.3.3

Procedure

1. Draft-free enclosurg
shall be mounted in

free” environment is
Draft-Free Enclosure De
Construction: Made
be moveable to acd
allow external air m
Top and bottom: Th
screen or be raised

samples under test.

Spacing of samples

be “J” or “T”)

Data logger (as required)

MM)
to 20 VDC at 0 to 150 A)

as required, £1%)

construction: A draft free environment is-necessary to get accurate meag
an enclosure which protects the immeédiate environment from external m
indicated by an undisturbed vertical smoke plume of 150 mm (6 inches). A

scription:

from a non-thermally conductive and non-heat reflective material. The sid
ommodate different specimen sizes. Access panels or doors are acceptal
bvement to enter the enclosure when closed.

e enclosure may have a lid. Any such lid shall have sufficient openings of
above the-sides to minimize any rise in ambient temperature caused by
The bottom of the enclosure shall be solid.

spacing between sdmples is 30 mm and should be sufficient so as to negate the effects of hel

samples.

urements. The samples
ovement of air. A “draft
\ description follows:

es of the enclosure may
ble provided they do not

be of an open mesh or
the heating effect of the

es is 200 mm. Minimum

Minimum spacing from the sides of the enclosure to the edges of the samp)

ating due to proximity of

Sample orientation: Orient samples “horizontally” as best is possible and evenly distributed over the area of the

enclosure. As far as possible, the specimens shall be in free suspension. If this is not possible due to the need to
maintain specified contact insertion distance, a thermal insulating material with a thermal conductivity 0.2 W/mK may
be used, provided that not more than 20% of the surface of the specimen is in contact with the insulating material.

Ambient temperature sensor: The measuring point for measuring the ambient temperature shall be located in a

horizontal plane passing through the axis of the specimens. It shall be located a minimum of 150 mm from any energized
sample. Care shall be taken to protect the probe against radiant heat.
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e Wiring the circuit: The specimens shall be connected with wires of suitable cross-section for the maximum current to be
expected or according to the size of the termination. In order to reduce external heat dissipation to a minimum, at least
the length of the connecting wires given in Table 5.3.3.3 shall be within the measuring enclosure: This table is based
on heat conduction criteria and is designed to ensure that the wires are long compared with their cross-section.

Table 5.3.3.3 - Minimum wire length

Wire Size Minimum Wire Length
(mm?2) (mm)
<0.5 200
0.5t05.0 500
>50 500

2. Measure and record the voltage drop across 150 mm of the conductor to be used for' the test, using the expected
maximum current capability of the TUT in combination with that conductor size and insulation type. For testing header
type connectors, seg 5.1.5 and measure the millivolt drop across only 75 mm of the conductor|used.

Ambient
Wire lerigths C
per Table 5.3.3.1 /
I R e et at s B s P
200mm min. N
to wall — all "
4 gides

’ \ 30 mm min.

150 mm

Figure 5.3.3.3-1--Top view of draft-free enclosure for terminal testing|

PowerSugglv Current C—1 pvm
= = = Shunt =\
D@ pogd O O

00 @ \*Itl_!j—‘ ,
Qr—

| = Thermocouples

Terminal Pair #2

Millivolt .
Leads 4
f G ‘Ll
— VTV

Non-conductive

Terminal Paird  —<—1j— -
mounting plate

Figure 5.3.3.3-2 - Set-up for maximum test current
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10.

11.

Figure 5.3.3.3-3 - Detail of millivolt lead locations for Figure 5.3.3.3-2

Assemble the circu:Lshown in Figure 5.3.3.3-2 in a draft free enclosure as described in 5.3:3

Use at least ten ter
and document the 1
stranded cable. Att
thermocouples to ed

Test the sample terminal pairs at 23 °C + 5°C (room temperature).

Adjust the power su

Slowly increase the
capability of the TU

Wait at least 15 mir
ambient temperatur
(T1to T2 in Figure 5
step 2). Then calcul
Increase the current

Repeat steps 7 and

inal pairs. Choose the preferred method of taking measurements (solder
nethod chosen. In either case, the sense point T4 (see Figure 5.3.3.323)
hch conductor ends of the terminal pairs to form one continuols’ serie
ch mated pair as shown in Figure 5.3.3.3-2. Mount the circuit in;the draft-f

pply to 0 A output and then turn on the supply and.the DMMs.
power supply output until it is providing no greater than 50% of the exp
[

e, the temperature of each terminal ‘pair interface and the millivolt drop a
3.3.3-3 for in-lines and 5.3.1.3 forheaders, less the millivolt drop of the corn
bte the resistance of the terminal-pair interface.
by no more than 10% of the expected maximum current capability of the ]
8 until one of the fallowing conditions occurs:

b of any terminakinterface exceeds a 55 °C rise over ambient (ROA).

ction resistance or maximum voltage drop of any terminal interface exceed

.3 and Figure 5.3.3.3-1.
ed sense lead or probe)
must be soldered for all
5 circuit and attach the
ree enclosure.

ected maximum current

utes for the circuit temperature to reach,steady state (as defined in Appendix A). Then record the

tross each terminal pair
ductor as determined in

'UT and repeat step 7.

5 the acceptance criteria

a. The temperatur
b. The total conne

listed in 5.3.2.4,
c. Any TUT does 1

otmeet the visual acceptance criteria listed in 5.1.8.4.

Save test set-up for

subsequent tests (see 5.3.4).

* This optional step can be performed at this point with excess samples, if requested: Using samples that will not be
used in subsequent tests, continue to increase the current in steps of 5% of the maximum current capability of the
TUT until the thermal stability of any one or more samples can no longer be achieved. Data from this “test to failure”
step may be useful for statistical purposes or for estimating safety margins.

Graph the data with temperature on the Y-axis and current (in amps) on the X-axis for all conductor sizes and insulation

types tested.

NOTE: That this data is NOT to be used as guidance for any actual application of the TUT; see Appendix E.
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5.3.3.4  Acceptance Criteria

No pass/fail criteria apply; value is used to establish “maximum test current” for the TUT in 5.3.4. The maximum test current
of the specific combination of the terminal and the wire conductor size and insulation type used is the current that produces
an exact or interpolated value of 55 °C rise in the first increment in which either the condition described in 9.a. or 9.b. above
was achieved, less 10% of that value.

5.3.4 Current Cycling

5.3.4.1 Purpose

This test simulates the main function of power terminals over the expected life of the vehicle. Current cycling is an
accelerated aging test wlhlch electrically heats terminal interfaces and core conductor crimps, thep. allows them to cool under

zero current conditions,|causing expansion and contraction that may affect connection resistancg due to wear, oxidation,

inter-metallic growth and stress relaxation. Current cycling is not applicable to coax cable testing.

5.3.4.2 Equipment

Digital multimeter (DMM)

e DC power supply (O[to 20 VDC at 0 to 150 A, timer controlled)
e Current shunts (sizg as required, +1%)

e Thermocouples (type “J” or “T” typically)

e Data logger (as requiired)

5.3.4.3 Procedure

1. Attach the millivolt Igads in positions T1 and Tz"as shown in Figure 5.3.1.3. For header type cgnnectors, T2 is attached
to the header termirjal per 5.1.5. Millivolt eads must be no larger than 0.22 mm?Z.

2. Measure and record the voltage drop.actross 150 mm of the conductor to be used for the test, using the maximum test
current previously determined (see-5:3.3.4) for the combination of that conductor size, insulatign type and the TUT. For
testing header type ponnectors,'see 5.1.5 and measure the millivolt drop across only 75 mm of|the conductor used. For
attachment points ekceeding.#5 mm, the extra wire resistance shall be measured and subtracted.

3. Assemble the circyit shown in Figure 5.3.3.3-2 in a draft free enclosure as described in 5.3.3.3, 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 (see 5.3.3.3, step 9) for the combination of that conductor size, insulation type, and the
TUT. Connect a data logger to the voltage drop and thermocouple leads.

4. Test the set of sample terminal pairs at 23 °C + 5 °C (room temperature). An ambient temperature sensor must be
placed on the same plane as the test samples, 150 mm/min from the nearest sample.

5. Turn on the power supply, DMMs, and data logger.

6. After 30 minutes into the first cycle, record terminal crimp and interface millivolt drop readings (T1 to Tz in Figure 5.3.2.3)
as well as thermocouple readings for each terminal pair.

7. Complete 1008 cycles taking readings at least once daily 30 minutes into the cycle, and at the conclusion of the test,
30 minutes into the final “on” cycle. Millivolt drop readings should be taken at maximum test current.
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8. For each set of data, calculate and record the total connection resistance by subtracting the conductor millivolt drop
reading (step 4) from the T+ to T2 millivolt drop reading (step 7) and dividing the result by the test current.

9. Allow the samples to cool to ambient, then measure CUT/TUT as required per appropriate test sequencing table.

53.4.4

1.
test sequence (see

The total connectio
acceptance criteria

5.4 Connector - Mech

5.4.1 Terminal - Conrf

5411 Purpose
This test measures the
terminal is retained in itg

54.1.2 Equipment

e Insertion/retention f

e Temperature/humid

5.4.1.3 Procedure

A. INSERTION FORC

Un-Sealed Connectors

1. Prepare terminal s3
design of the termin

connector housings

Acceptance Criteria

5.9).

At the conclusion of the test, verify conformance of CUT/TUT per corresponding measurement section as identified in

The temperature of any terminal interface must not exceed a 55 °C ROA at any time during the test.

isted in 5.3.2.4.
anical Tests

ector Insertion/Retention and Forward Stop Force

insertion force of a terminal into its connector cavity. Retention testing
housing to withstand the rigors of the wiring harness and vehicle assemb

brce tester with peak reading feature

ty chamber capable of 95 to 98% RH at 40 °C

hnd Sealed Cennéctors with Individual Cable Seals

mples per.5.1.6, using the largest gage size conductor and insulation thi
al to be'tested. For connectors with ten or more terminal cavity locations,
and préepare at least one terminal for each cavity location. Test each termi

CUT atleast once. H

orconnectors with four to nine terminal cavity locations, use a minimum of t

n resistance or maximum voltage drop of any terminal interface readin

g shall not exceed the

measures how well the
y processes.

kness applicable to the
use a minimum of three
hal cavity location in the

ree connector housings

and prepare enough terminal samples to test each cavity location in each CUT. For connectors with three terminal
cavity locations, use a minimum of four connector housings and prepare enough terminal samples to test each cavity
location in each CUT. For connectors with one or two cavity locations use enough connector housings to obtain at least
ten data points and test all cavity locations an equal number of times. See Table 5.4.1.3.1. Use sample sizes and cavity
requirements from the table for insertion, retention, forward stop and after conditioning force measurements. If CUT has
a mat seal, jump to the mat seal section for sample requirements and process steps.
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Table 5.4.1.3.1 - Sample sizes and cavity requirements

# of Terminal Minimum # Minimum # of Cavity Locations Minimum # of
Cavity Locations of CUTs Terminal Samples Tested Data Points
10 or more 3 = # of Terminal Each location at = # of Terminal
Cavity Locations least once Cavity Locations
Each location 3X or
= # of Terminal same num CUTs or = # of Terminal
4109 3 Cavity Locations each location the Cavity Locations X #
Times # of CUTs same number of of CUTs
fimes
= # of Terminal Each location an
3 4 Cavity Locations equal number of 12
Times # of CUTs times
Each location an
2 5 10 equal number of 10
times
Each location an
1 10 10 equaknumber of 10
times

If more than one w
smallest conductor

Number each conng
Secure the connect

Secure the terminal
grip.

Adjust the force test

peak insertion forcqg.

br shell in an appropriate fixture.

ctor terminal cavity and, if applicable, each connector.

re size is applicable to the CUT and terminal, create additional samples| per step 1 but use the
Size and insulation type applicable to the design.

sample in the force téster by gripping the conductor a minimum of 20 mm behind the insulation

er to insert the terminal straight into the connector at a uniform rate not to gxceed 50 mm/min. Note
Continue {o0-test using a fresh terminal sample for each insertion and test each terminal cavity

location until all terminal samples prepared in step 1 have been used. Continue applying forcg until failure point of the
hed. Where wire buckling and operator sensitivity cause problems in obtgining test repeatability,
s are dcceptable. (A) Terminals may be crimped to a gage pin, solid core wire or other metal dowel

forward stop is read
one of two alternati

diameter similar to

for terminal-to-connector retention tests.

rip and use a rod with a
ption B cannot be used

Repeat step 6 using samples prepared in step 2 (smallest conductor size) until peak insertion force is measured
(forward-stop test is not required). Repeat until all terminal samples prepared in step 2 have been used.

Record the force required to insert the terminal into the connector for each terminal sample. For samples prepared in
step 1 only, record the force at failure of the forward stop. Assess conformance to the acceptance criteria of 5.4.1.4.
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Alternate Instructions for Connectors with Multi-Cavity (Mat) Seals

1.

Prepare two sets of samples per unsealed connectors and sealed connectors with individual cable seals per step1
above and one set of samples per unsealed connectors and sealed connectors with individual cable seals per step 2
above.

Complete steps 3, 4, and 5 above.

Insert one set of terminals made in step 1 per step 6 above and in step 2 per step 7 above. For mat seals, each test
sample lead may be removed after its cavity is tested. This is to prevent possible seal distortion or compression that
might affect test results if neighboring seal holes remain filled. For connectors with fewer than ten cavities, use a new
connector after each terminal cavity in the first connector has been tested and continue until at least ten terminal

2.
3.
samples have been
4. With the extra set of
a separate cavity wi
to be tested is as ce
the insertion force a
5. Record the force 1
conformance to the
6. Repeatsteps4to5
B. RETENTION FORQ

Retention testing is req
rigors of the wiring harn
1. Prepare terminal s3
design of the termin
connector housings
CUT at least once. F
and prepare enoug
cavity locations, usé
location in each CU]
ten data points and

NOTE: Solder may

used.
samples prepared in step 1 above, use the force tester as in step 3.above

ntrally located as possible. In addition to the data required in step9below, r
nd the order in which the cavities were tested.

equired to insert the terminal into the connector fareach terminal sa
acceptance criteria of 5.4.1.4.

using the samples with the smallest conductor/insulation type appropriate
E

lired to ensure that the terminal is retained in its housing with sufficient s
bss and vehicle assembly processes.

mples per 5.1.6, using the largest gage size conductor and insulation thi
al to be tested. For conneetors with ten or more terminal cavity locations,
and prepare at least one terminal for each cavity location. Test each termi
or connectors with fourto nine terminal cavity locations, use a minimum of t
n terminal samples,;to test each cavity location in each CUT. For conneg

a minimum oftfour connector housings and prepare enough terminal san
. For connectors with one or two cavity locations, use enough connector h¢
test all cavity'locations an equal number of times. See Table 5.4.1.3.1.

be added to terminal crimps to ensure accurate retention readings. Conng

, load each terminal into

hout removing samples previously inserted. Perform the test in suchi-a seqlience that the last cavity

pcord the cavity number,

mple tested and verify

to the design.

trength to withstand the

kness applicable to the
use a minimum of three
hal cavity location in the
ree connector housings
tors with three terminal
hples to test each cavity
usings to obtain at least

ctors are to be tested in

jed?‘condition and should be protected from high humidity and heat level

5 between the time they

and-thetmethey are tested:

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

Install a terminal sample into each cavity in the connector being tested. For connectors with less than ten cavities, use

a new connector after each terminal cavity has been tested and continue until all ten terminal samples have been used.
Do not install the terminal lock (PLR, TPA, wedge, etc.).

“dry as mol
are molded
2.
housings used.
3.
4,
5.

Secure the connector shell in an appropriate fixture.

Secure the terminal sample in the force tester by gripping the wire behind the back edge of the terminal.
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5414 Acceptance (

1.

Adjust the force tester to pull the terminal straight back from the connector. An aligned force is critical to avoid side
loads and binding which can affect force measurements. Pull at a uniform rate not to exceed 50 mm/min until pullout

occurs.

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.

Repeat steps 1 to 3 and, if applicable, install the terminal secondary lock (PLR, TPA, wedge, etc.). Subject the samples
to moisture conditioning (bring to the practical limit of moisture content by exposing “dry as molded parts” to 95 to 98%
relative humidity at 40 °C for 6 hours followed by 1 hour at room ambient temperature and humidity. Repeat steps 1 to
7 above. Complete the retention test of all samples within 8 hours.

NOTE: Samples m
conditioning
24 hours of

moisture conditioning.)

riteria

by be sealed in non-moisture transferable plastic (Ziploc-type food stofage) bags after moisture
if the testing cannot be completed within 8 hours. In any case testing must be completed within

Insertion force for t¢rminals shall comply with Table 5.4.1.4A, or per customer requirement. (Since terminal insertion

force is not related
review.)

Force to move past

Retention strength f]

br terminals shall comply with the applicable column of Table 5.4.1.4B.

Table 5.4.1.4A - Insértion force for terminals

to part performance, a different requirement is typically permitted without requiring management

he forward stop (as tested in 5.4.1.3 A6) shall.eomply with the applicable cplumn of Table 5.4.1.4A.

Terminal Size (mm) Terminal Insertion (N) Forward stop (N)
<05 <15 235
<12 <15
1.2 < Terfn. < 2.8 <20 250
28<Term.<9.5 <30
9.5<Term. <145 <75 2150



https://saenorm.com/api/?name=41acf469456ccdf8baca6df8b9c96dbc

SAE/USCAR-2 REVISION 9

PERFORMANCE S

PECIFICATION FOR

AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Revised 2024-12

-31 -

Table 5.4.1.4B - Terminal-connector retention force

Criteria (N)®)
Max. Nominal Primary Lock Retention after Moisture Retention after Damage,
Blade Width (mm) Retention®) Conditioning® Humidity and THE®
0.50 220 240 240
0.64 230 260 =50
1.2 240 =270 =50
1.5 245 =270 =50
2.8 260 =100 =70
6.3 =80 =130 =90
9.5 =100 =150 =140
14.5 (cables >12{mm?2) >150 2450 2450
14.5 (cables £12|mm?) 2180 2180
Mini coax(”) =60 >110M@ >80
Traditional cogx(™ 270@ 2110M@) >80
Twisted pair 260 =110 =80

NOTES:

(™ If the coax wire break
retest using a terming

@ Any free spinning ter
conditions). This incly

) See 5.4.1.3.B6
) Primary + secondary

®) Primary + secondary

® For connectors not d¢signed with a secondary lock, use the criteria in “primary + secondary loch

(M Mini coax has outer d

®) Jacketed twisted pair

5.4.2 Connector - Co

5421 Purpose

5 or releases from terminal at less than the requirement and the terminal is
| push-out test. The same requirement applies.

minals that are nonuniform about the.axis (i.e., has a weld or seam, must
des any unique areas that will support the locking if the terminal Is aligned

lock after moisture conditioning (see 5.4.1.3.B8)

lock retention after cavity damage, temp/humidity and HTE (see 5.4.9, 5.6

iameter <3.6 mm:-Traditional coax is 23.6 mm.

(JTP) is uséd-for “single pair ethernet.” Full test requirements for JTP has

nnector Mating/Unmating/Retention/Lock Deflection Forces (Non-Assist)

still located in the cavity,

be tested in all possible
to the connector.

2,5.6.3)

” columns

not been written yet.

This test determines the mating/unmating forces associated with manual mating and unmating of connector assemblies.
mating forces are an important consideration in determining the suitability of a given connector design for use in production.
unmating and retention forces are important in determining serviceability of the design and ensuring the connection will stay
mated for the service life of the vehicle.

5.4.2.2 Equipment

Insertion/retention force

tester
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5.4.2.3 Procedure

A

1.

Force)
Combined Mating _| \

Forces of Seal, —\
Lock, Terminals \

MATING FORCE

Using any applicable conductor size and insulation type, prepare enough samples of male and female terminals to fully
populate a minimum of 15 connector assemblies per 5.1.6, terminal sample preparation (at least 15 male and 15 female
halves).

Completely assemble (but do not mate) all connector halves (both male and female) using all applicable components
such as terminals, wedges, and seals.

Number each connector assembly.

Secure the connectpr halves (one male and one female) in the appropriate fixtures of the focha tester. 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 force measurements.

FOFC@__ | |

—'—)-| -«—— (Lock Overtravel)

If appropriate equipment is|available, a continuous
«—— (Forward Stop Contacted) graph 'of applied mating force|versus insertion distance
is.highly recommended. A prdperly designed connector
(and sealing system where applicable) should produce
a graph showing a smooth rige to a single peak force
| then a fall-off until the conndctor is fully mated. If the
graph shows more than one fgrce peak, the potential for
(Lock-up Occurs) a false lock condition exists.

Maximum Mating

(N)

Decreasing | (B

Force Value
[

s e (Recpgnizable
I (I TravehDistance)

(Total Distance of Travel)

Figure 5.4.2.3 - "Typical connector mating force curve and explanation
Increase the mating|force at-a.uniform rate of 50 mm/min £ 10 mm/min until complete mating qccurs. Test all samples.

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 5.4.2.4.

UNMATING/RETENTION FORCE

Prepare a total of 15 mated pair samples into two groups: For group 1, take ten connector pairs without their
terminals/wires. Mate all connector pairs but do not engage the CPA. For group 2, take five connectors that have a full
set of terminals/wires locked in place. Completely disable the primary connector locking mechanism(s). Mate all
connector pairs but do not engage the CPA.

NOTE: It is permissible to re-use applicable samples from section A for group 1, provided that the samples have
remained in the mated state and have not had other conditioning.
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Fixture a group 1 sa

mple in a force tester that can completely unmate the connector halves by applying a force parallel

to the centerline of the mated connector halves. The force tester must be configured to apply the unmating force directly
to the connector halves. Straight-out unmating is critical to avoid side loads and binding which can affect force

measurements.

NOTE: For connectors with lock arms that protrude above the protective ribs, run this test with the lock arm deflected

to make the

highest point of the arm level with the protective ribs.

*** CAUTION ***

The following step will result in sample breakage. Adequate shielding and personnel safeguards must be employed to
ensure the safety of persons and property in the vicinity of the test.

3.

4.

Start the tester at a

Stop the tester. Reg
criteria of 5.4.2.4.

Repeat steps 2, 3, ¢
LOCK DEFLECTIO

Prepare five conneg

uniform rate not to exceed 50 mm/min until complete connector separation occurs.

ord the force required to separate the connector halves and verify ¢onformpance to the acceptance

nd 4 for all samples in group 1 and group 2.

N FORCE

tor pairs without terminals or wires but include_any auxiliary pieces that attach to the lever such as

CPAs. Completely mate all connector pairs. Gradually apply asforce to the lock release button. Stop the force at 6 N

and verify the lock n|
51 N, or until the lo
part if unmating is g
(Apply this force at 3
no damage to any ¢

If applicable, fully er
Look to see if the lo

Record results and

hechanism remains locked using an applicable evaluation method. Continue force application up to
Ck mechanism has clearly moved far.enough to avoid contact with the logk feature on the mating
ttempted. If practical, record force when the lock just barely clears the mating part’s lock feature.
n appropriate point so that the mated connector parts can be unmated in the intended manner with
omponent.) Record whether the.connection can be successfully unmated at 6 N and 51 N.

gage the CPA into the finallock position. Gradually apply a force of 70 N tq the lock release button.
ck mechanism clears the lock feature. Pull on connector to see if connectof disengages.

verify conformance to the appropriate acceptance criteria of 5.4.2.4.
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5424

5.4.3

5.4.3.1

Acceptance Criteria

Table 5.4.2.4 - Connector-connector mating/unmating/retention/lock deflection forces

No. of Terminals Acceptance
Test Connectors Installed? Criteria
Connector mating 15 Yes Per SAE/USCAR-25(.¢)
Connector unmating 5 Yes <75N
Connector retention 10 No 2110N
2170 N for large cables®)
Lock deflection (no CPA) 5 No <6 N - Unmating not possible
=5t N=Unmating possible
Lock deflectign w/CPA with Latch does not’move above
. 5 No . q
force applied the locking:feature @

NOTES:

@ The maxin
position an
cover mos
anticipated

®) Applies to
criteria sha
the test red

© The accep
connector
Design Cri

@ In connect
it is permis
the locking

Connector to C(

Purpose

This test covers mating
ergonomic guidelines sh

54.3.2

um mating effort is meant to simulate assembly in a vehicle‘'when the ass
d access to the connector being mated is not physically restricted. This sp
| operations, but not all conditions of vehicle assemblyyand connector lo
. Refer to SAE/USCAR-25 for guidance.

cavities that can accept a cable size >12 mm?2,The forces specified in th
Il be met regardless of the moisture content of the connector housing ma
uest/order to determine if any conditioning of.the test samples is required p

ance criteria for connector mating forces-vary with the available push surfa
being tested. Refer to SAE/USCAR=25 “Electrical Connector Assemb
eria” for specific acceptance criteria,

sible to visually confirm the-latch does not clear the locking feature with 7
provision.

nnector Mate/Unmate'Forces (Mechanical Assist)

and unmating forces for mechanical assist connectors such as lever an
ould be‘used as a further reference.

Equipment

embler's body
bcification will
cation can be

e acceptance
erial. Consult
rior to testing.

ce area of the
y Ergonomic

br designs where it is difficult to-apply pressure to the latch while unmating the connector,

D N applied to

e Force tester

e Fixtures for holding connectors as required

i slide lock. USCAR-25
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5.4.3.3 Procedure

Sample preparation:
Tests A, B, and C: Minimum ten connector samples each. Using any applicable conductor size and insulation type, prepare

enough samples of male and female terminals to fully populate connector assemblies per 5.1.6, terminal sample
preparation. Prepare connector samples with the full complement of wires, terminals, and secondary pieces as specified in

the design and intended

for the production application.

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

Test E: Prepare five connector pairs without terminals or wires

A. FORCE TO ENGA(
Using the force tester, af
position is defined as th
be activated. Connector|
1. Reverse the directig
2. Verify conformance

B. FORCE TO RELEA

NOTE: Connectors ma
the “open” or “p

of the test procedure measures the ability of the:cohnector mechanical assist to remain o

handling.

Using the unmated

E/UNSEAT TO/FROM PRE-LOCK POSITION

arate of 50 mm/min £ 10 mm/min, engage each connector fully toits‘pre-lo
b point where the connector is positioned on the mating part and-the mech
5 are normally held in the pre-lock position by detents.

n and measure the force required to unseat the connector from the pre-log
to the acceptance criteria of 5.4.3.4-1 and 5.4.3.4-2:

SE LATCH FROM PRE-STAGE POSITION

be required to be shipped as part of. aowiring assembly with levers or me
e-stage” position. This eliminates un-necessary operations at the vehicle g

connector, place lever or slide in its shipping (open) position.

br, apply the force tothe lever slide at a rate not to exceed 50 mm/min to mo

he lever rel€ases from the shipping position. Record peak force.

bver into the shipping position.

ck position. The pre-lock
anical assist is ready to

k position.

chanical slides locked in
ssembly plant. This part
ben during shipping and

ve the lever/slide toward

cteninto the fixture (if needed)

2. Using the force teste
the lock position.

3. Stop the test when {
4. Manually reset the |
5. Re-insert the conne
6.

7.

8. Reset to the shippin
9. Verify conformance

Stop the test when the when the lever releases. Record peak force.

g position.

to the acceptance criteria of 5.4.3.4-3.

Restart the test in the opposite direction, with the lever being pushed away from the “mated” position.
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4.

LEVER ACTUATION/REMOVAL FORCE

With the connector in its pre-stage condition, measure the force required to fully actuate and close the lever at a rate
not to exceed 50 mm/min. Force shall be applied perpendicular with the contact surface of the lever or slide as nearly
as possible.

For designs with a secondary release mechanism, without disabling or releasing this feature, apply a force of 60 N at a
rate not to exceed 50 mm/min to the lever in the release direction.

Disable or release any existing release mechanism (if applicable). Move lever of CUT from locked to open position
using a test speed not to exceed 50 mm/min. Record the force required to move the lever from the locked position to
the open position.

Verify conformance|to the acceptance criteria of 5.4.3.4-4 and 5.4.3.4-5.

D. CONNECTORTO

Mount the mated conne

EVICE OR CONNECTOR TO CONNECTOR LATCH RETENTION-FORQ

ctors in a fixture so as not to distort the housings or any of their associated

E

parts. With connector to

connector locking feature enabled, pull the connectors apart at a rate not to exceed 50 mm/min usifg a suitable force tester

and measure the peak 1
test. Repeat on four adq
E. LEVER RELEASE |
1. With the samples ¢

mechanism clears t

is applied at the ap
any component. No

2. Record results and
3. If applicable, fully e
button and hold. Se
4. Record results and
5434 Acceptance ¢

Note that the acceptand

orce required to separate the connectors. CPAs and orisecondary locks 3
itional samples. (Test five samples.) Verify conformance to 5.4.3.4-6.

ATCH ACTUATION FORCE
ompletely mated, gradually apply a force of up to 51 N to the lock relez
ne lock feature (allowing the lever/slide-£0*move toward the disengaged -o
propriate point such that the lever/slide’ can be moved in the intended ma
e whether the lever/slide can be moved to the open position.

Verify conformance to the appropriate acceptance criteria of 5.4.3.4-8.

hgage the CPA into the, final lock position. Gradually apply a force up to
b if the lock mechanism clears the lock feature. Pull on connector to see if

Verify conformance to the appropriate acceptance criteria of 5.4.3.4-9.

riteria

hall be disabled for this

se button until the lock
ben- position. This force
hner with no damage to

'O N to the lock release
connector disengages.

e critéria of this section vary with the available contact (grip) area of the

Refer to SAE/USCAR-2

connector being tested.

b Electrical Connector Assembly Ergonomic Design Criteria for details of trpe acceptance criteria.

1. The force to engage the connector to its pre-lock position shall meet the requirements of SAE/USCAR-25.

The force required to release the connector from its pre-lock position shall be between 15 N and 75 N.

The force to move the lever/slide from its shipping position while the connector is not in its pre-stage position shall be
60 N min for class 1 and 2 connectors and 90 N min for class 3 connectors (both defined in USCAR-25, Section 4.1).
When the lever is reset to the shipping position, there shall be no damage to the lever or housing that impairs reuse of

The force required to move the lever to and from the locked (engaged) position shall meet the requirements of

2.
3.
the connector.
4.
SAE/USCAR-25.
5.

The minimum force to release the assist feature without depressing the release mechanism (if applicable) shall be
260 N for a fully mated connector.
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Unmating force from the “unlatched/open” lever position to full separation shall be <75 N.

n subjected to 70 N force with CPA engaged (see 5.4.3.3.E3).

Unmating force shall be 2110 N with the primary connector lock fully engaged. A CPA device, if provided for, must NOT

The force to completely disengage the connector lock shall be between 6 N and 51 N, inclusive, in its fully seated

The primary connector lock must not deflect enough to clear the mating locking (shark fin) feature or be easily separated

6.

be engaged during this test.
7.
8.

position (without the CPA engaged).
9.

when pulled on whe
5.4.4 Polarization Feature Effectiveness
5441 Purpose

This test ensures that t
connector housing, (b) |
the polarization feature(
5442 Equipment

e Insertion/retention f

54.4.3 Procedure

1. Two factors must bg
that are supposed t

Sample size varies
selected mis-orientg

Connectors areto b
mechanical or elect
sufficient to contact

Orient the CUT with

9 VDC continuity meter ranging from 50 to 500 Q with audible alarm

ne polarization feature(s) is adequate to meet its purpose of (a)(preventi
breventing mating of a connector housing with any unintended ‘mate, and
5) in preventing terminal damage during incorrect assembly attempts.

brce tester with peak reading feature

considered: attempting to incorrectly mate two connector halves, or a con
b mate if properly oriented and-attempting to mate a connector with an incg

depending on the number-of incorrect orientations tested. Test at least ¢
tion or mis-index.

e loaded with a complete compliment of male and female terminals. In plag
rical means may-be devised to detect penetration of one half of the CUT
any male tegminal in any position if that male terminal was installed.

any possible mate in the same family in one or more incorrect orientations @

person as most like

y té defeat the polarization. The parts should be tested as follows, using

hg incorrect mating of a
c) test the adequacy of

hector half and a header
rrect mate.

ne sample set for each

e of terminals a suitable
nto the other to a depth

hosen by the authorized
a fresh sample of each

half for each orientation:

a. The correct orientation, but with the wrong index

b. The incorrect orientation
Secure the connector halves (or connector and header) (one male and one female) in the appropriate fixtures of the

force tester. Adjust the force tester to attempt insertion of the male connector into the female connector in the orientation
selected in step 3.
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Attempt to engage the connector halves at a rate not to exceed 50 mm/min until a force of 3X the maximum value of a

properly mated connector (with force being 260 N and <150 N) is applied (see 5.4.2 or 5.4.3.3-A). For connectors with
mechanical assist, use 3X the maximum measured force to engage to pre-lock position (but not to be less than 60 N or
greater than 150 N) per 5.4.3.3-A. Hold force for 3 seconds. Note the indication of the penetration detection device

mis-mating to evaluate the effectiveness of the polarization features.

Complete an expert evaluation. This evaluation shall be conducted among knowledgeable individuals trying “hands-on”

The connection system must withstand a mis-mating force as specified in step 6 without damage to the connector and

pperly installed male terminal in any position in its connector housing, .th

6.

installed in step 3 if present.
7.
5.4.4.4  Acceptance Criteria
1.

no electrical contac

contact with any pr

considered to be ingdequate
2. After an expert evd

attempts.

NOTE: There may be
cannot be teste

5.4.5 Miscellaneous (

5.4.5.1 Locator Clips

545.1.1 Purpose

This test is done to ens
sufficiently retained yet
545.1.2 Equipment

e Insertion/retention f

5.4.5.1.3 Procedure

A. ENGAGEMENT FQ

luation has been conducted, the design must be considered €ffective in
tases where all polarizations for a given design are ot available (i.e., n
1. In such cases, state these exceptions in the DVP&R.

Component Engage/Disengage Force

Wire Dress Features, and Loose Piece TPA/PLR/ISL

ure that connector assembly cémponents such as locator clips, wire dre
bllow easy and consistent assembly and removal for service.

brce tester with peéakreading feature

RCE

1. Completely identify

shall be made between the male/female terminals. Tf sufficient mis-mafjng is achieved to allow

polarizing feature(s) is

“hands-on” mis-mating

bt tooled) and therefore

5s features, etc., will be

and humber each component to be tested. A minimum of ten samples is

equired to be tested for

each of the applicable conditions found in the acceptance criteria. The same samples may be used for various phases

All components to be tested and their mating parts must be fixtured so that proper alignment is maintained during

testing. Straight-in engagement and extraction are critical to avoid side loads and binding which can affect force

of testing.
2.

measurements.
3.

each applicable con
4.

conformance to the

dition per Table 5.4.5.1.4.

acceptance criteria of 5.4.5.1.4.

Engage each component to be tested, with its retaining mechanism in place at a rate not to exceed 50 mm/min. Test

Record the force required to completely engage the component with its mating part and use this value to verify
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B. DISENGAGING FO

RCE

*** CAUTION ***

The following step may result in sample breakage. Adequate shielding and personnel safeguards must be employed to
ensure the safety of persons and property in the vicinity of the test.

1. With the component fully installed and properly fixtured, disengage the component at a rate not to exceed 50 mm/min.
The force must be applied parallel to the centerline of the component being tested to avoid side loads and binding which
can affect force measurements. The direction must be opposite to the direction of normal insertion of the component

part. Test each appl

2. Record the force red
and use this value t

3. For locator clips onl
from the initial inse
exceed a force of 11

4. For wire dress cove

a. Obtain new dres
limit of moisture
by 1 hour at rog
may be sealed i
8 hours). In any|

b. Apply an offset
connector). Offs
by the arrow in
full contact with

c. Record the leng

icable condition per Table 5.4.5.1.4.

uired to disengage the component from its mating part without releasing.ar
b verify conformance to the acceptance criteria of 5.4.5.1.4.

y, repeat step 1 above in each of the three directions 90 degrees; 480 de
tion direction. Repeat step 1 in a direction orthogonal to the_plane of thg
0 N for any of these subsequent tests. Use fixture identified:in Figure 5.4.¢

's only

5s cover samples. Subject the samples to moistureconditioning to bring thg
content. Do this by exposing test parts to 95 to 98% relative humidity at 40

h Ziploc-type food storage bags after moisture conditioning if the testing car
case testing must be completed within.24 hours of moisture conditioning.

force as shown in Figure 5.4.5.1.3)B (simulating a push on the dress co
et test is to be performed with cover assembled to connector and no wires 3

the cover. Push until the cover separates from the connector housing.

th of the dress coveras shown in Figure 5.4.5.1.3 B.

y latch feature if it exists

grees, and 270 degrees
e first four tests. Do not
5.3A.

e sample to the practical
°C for 6 hours, followed

m ambient temperature and humidity. Complete the test of all samples within 8 hours (or samples

not be completed within

ver until it comes off its
ttached. Push as shown

he figure. Place force “probe?.as close to dress cover’s end as possible while keeping the probe in

Figure 5.4.5.1.3B - Offset dress cover force set-up
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54514 Acceptance Criteria
Insertion/retention forces shall meet the values shown in Table 5.4.5.1.4.

Table 5.4.5.1.4 - Miscellaneous component and loose piece TPA/PLR/OR ISL assembly forces

Straight Removal Removal Force with
Test Insert to Lock Force (N) Force Offset/Angle (N)
(N)
Clip removal from slot N/A
- Clip width <11 mm <60 >110 (tested in 5.4.11)
- Clip width >11m =60 >165
Loose piece TPA/HLR or ISL <60 (w/termlnals in all 225 INo requirement
cavities)
Wire dress covers
< >

- Small (covers <494 mm) <60 =110 >45
- Large (covers 245 mm) >75
Other component <60 =110 As directed

5452 Pre-Staged CPA/TPA/PLR/ISL Engage/Disengage Force
54521 Purpose

This test is completed t¢ ensure that connector secondary-locking features will be sufficiently retajned in shipping and will
remain in their intended|position until intentionally activatedto close or remove for service.

54522 Equipment
¢ Insertion/retention force tester with peak reading feature
5.45.23 Procedure

A. ENGAGE FORCE -|Pre-Staged CPA/TPA/PLR/ISL

1. Identify and numbef each/{component. A minimum of ten samples is required to be tested fof each of the applicable
conditions found in ]he acceptance criteria. The same samples may be used for various phases of testing.

2. All components to be tested and their mating parts must be fixtured so that proper alignment is maintained during
testing. Straight-in engagement and extraction are critical to avoid side loads and binding which can affect force
measurements.

3. Engage each component to be tested with its retaining mechanism(s) in place at a rate not to exceed 50 mm/min. Test
TPA, PLR, and ISL forces with terminals installed in all available cavities and test for two mate/unmate cycles.

4. Record the force required to completely engage the component with its mating part and use this value to verify
conformance to the acceptance criteria of 5.4.5.2.4.
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B. DISENGAGE FORCE
#** CAUTION ***

The following step may result in sample breakage. Adequate shielding and personnel safeguards must be employed to
ensure the safety of persons and property in the vicinity of the test.

1. With the component fully installed and properly fixtured, disengage the component at a rate not to exceed 50 mm/min.
The force must be applied parallel to the centerline of the component being tested to avoid side loads and binding which
can affect force measurements. The direction must be opposite to the direction of normal insertion of the component
part. Test each applicable condition per Table 5.4.5.2.4.

2. Record the force reduired to disengage the component from its mating part and use this value fo verify conformance to
the acceptance critdria of 5.4.5.2.4.
3. For TPAs/PLRs/ISLE, with due care engage the component into the fully locked positionrand repeat steps 1 and 2.
54.5.24 Acceptance Criteria
Insertion/Retention forcg¢s shall conform to Table 5.4.5.2.4.
Table 5.4.5.2.4 - Pre-staged CPA/TPA/PLR and ISL, assembly/disassembly forces
Engage Removal (N
Device Pre-set to lock (N) Lock to pre-set Prerset to Removed
(Ur?nI:aAted 260 N/A >30
2100 for airbag connectors(" B
Connector)
CPA .
Min. =25
(Mated Max. per USCAR-25 Table 7.1 10~30 N/A
Connector)
TPA/PLR/ISL
(terminals <60 15t mate 1st removal: <60 >05
installed in N/A 2" mate 2nd removal: 218 B
cavities)
TPA/PLR/ISL
(without terminals 215 N/A N/A
installed)
NOTES:

() Pre-set to lock is 2100 N for air bag initiators mating to USCAR dwg. 999-U-002-1-Z03 or 999-U-002-1-Z04.
This is needed to compensate for the exposed CPA in that design style.
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5.4.5.3 Pin Protection Plate (PPP) Blocking/Removal Force

5.4.5.3.1 Purpose

This test is designed to assess whether a pin protection plate (PPP) is able to withstand expected mechanical stresses and
still remain in its intended position. A PPP is shipped in a pre-set position that protects the blades and the first test in this
section evaluates whether the force needed to unintentionally activate the PPP (the blocking force) is great enough to
withstand forces that may be unintentionally applied. The reset force test determines the force to reset a seated PPP to its
initial position and ensures the force required is ergonomically appropriate (this test is applicable only to designs that require
manual PPP reset). The force for complete removal from pre-set position on an unmated connector ensures the PPP will

not separate from the connector housing in shipping.

5.45.3.2 Equipment

e Insertion/retention f

5.4.5.3.3 Procedure

A. PPP BLOCKING F(

1. Identify and numbe

applicable condition

line connectors; header connectors are expected to have blades_present. If blade tips interfg

blades may need to

2. All components to
testing. Recording f
affect force measurément data.
3. Engage each comp
area of the compon
directly. If ribs are g
TPA from the matin
4. When the applicablg
5. Record whether the
B. PPP RESET AND H

brce tester with peak and hold feature

RCE

each component to be tested. A minimum of ten samples is required to
s found in the acceptance criteria. Samples are to be tested without term

be removed. The same samples may be used-for phases A and B of the t
pe tested and their mating parts mustcbe fixtured so that proper alignme

brces perpendicular to the connectorsurface is critical to avoid side loads

bnent to be tested, at a rate-net'to exceed 50 mm/min. Force to be applied
ent. Pushing probe size and shape can be customized to ensure the PP
resent on the PPP (fofrihelp in scoop-proofing the design), pushing on the
) connector may be-used if it provides access to a push surface.

b force per the criteria is reached, hold that force for 5 seconds.

PPP maved from its starting position or stayed in the original position.

EMOVAL FORCE

e tested for each of the
nals. This applies to in-
re with the force probe,
bsting.

nt is maintained during
and binding which can

in a centrally distributed
P has force applied to it
ribs is acceptable. The

= CAUTION ™

The following step may result in sample breakage. Adequate shielding and personnel safeguards must be employed to
ensure the safety of persons and property in the vicinity of the test.

1.

Skip this step and step 2 if PPP has a self-resetting feature. With the PPP in the seated position and test sample properly

fixtured, move the PPP to the pre-staged (shipping) position at a rate not to exceed 50 mm/min. Apply force
perpendicular to the mating surface of the component to avoid side loads and binding which can affect force
measurement data. The direction of force should be opposite the direction of normal seating of the PPP.

2. Record force to reset the PPP. Leave connector in fixture.
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3. With the PPP in the pre-set position and test sample properly fixtured, disengage and completely remove the PPP at a
rate not to exceed 50 mm/min. Apply force perpendicular to the mating surface of the component to avoid side loads
and binding.

4. Record the force required to completely remove the PPP from the pre-set position. Note that flexing of the PPP is
expected due to the nature of these components.

5.45.3.4 Acceptance

Criteria

Blocking, reset, and removal forces shall meet the values shown in Table 5.4.5.3.4.

5.4.6

Table 5.4.5.3.4 - Pre-set, blocking, and removal forces for PPP

Blocking Force Reset Force Complete Removal
Pre-Set to Lock(" Lock to Pre-Set from Pre-Set
Connectol Size (N) (N) (N)
LARGE
(Female connectgr face has a >50(3) 15~ 60 >25
diagonal dimensi¢n >35 mm) Manual reset onty®
SMALL 10% 60
(Female connectgr face has a 2250) M ) 225
. ; ) anual reset only®@
diagonal dimensign <35 mm)

NOTES:

(1) Specific limit fg
requirements.

@ Requirement 4
female connec
during unmatin
resetting conng

@) Customer may

Vibration/Mech4

5.4.6.1 Purpose

This test subjects a con
and shock can cause w
of the connector system.

pplies to connectors with a manual reset only. If part is an “automatic”
or pulls PPP back to pre-set.position), ensure PPP does not pull out of con
g in 5.1.7 (connector cycling). There is no “lock to pre-set” requirement
ctors.

specify other tests(@nd criteria with force applied at corners or select point

nical Shock

nector system to vibration, simulating accelerated exposure to actual vehi

r engagement force is not defined, willbe determined by allowable mating force/ergonomic

eset type (where
nhector completely
for automatically

L

cle conditions. Vibration

par-of the terminal interfaces, intermittent electrical contact and failure of mnechanical components

Since unsealed connectors are not suitable for use outside the passenger and luggage compartments, they would normally
be tested only to the non-engine/transmission profile (V1). Sealed connectors may be used in applications requiring direct
attachment to the engine/transmission, so they should normally be qualified to the harsher vibration profiles (V2 to V5).

54.6.2

Equipment and Set-up

e Vibration table (with environmental chamber for levels V3 and V4)

e Vibration controller

e Accelerometers
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Map each table, cube, or head expander combination. For typical mapping procedure set-up, placement of the control
accelerometer will be determined as follows. Other mapping procedures and control locations are acceptable but must be
documented in the test report and must be approved by the authorized person.

Step 1 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 five places as far apart as practical (see Figure 5.4.6.2). No
additional mounting features or brackets will be on the equipment for this step.

Step2 Determine the point of lowest resonance. This is defined as the midpoint between the points of lowest measured
resonance.

Step 3  The control accelerometer shall be mounted at the point of lowest resonance.

Set-up requirements:
1. Use tri-axis accelergmeter or sequentially rotate single axis accelerometers for the mapping process.

2. The cross-axis resopance must be no greater than 30% of the control resonance\(The on-axis|resonance measured in
step 1 must not vary more than 30%.)

3. The mapping procefdure used shall be documented in the test report and will include frequency, acceleration, profile
(random or sine sweep), and accelerometer locations.

//\\

v

Typical table, cube, or Axis of vibration
head expander

Figure 5.4.6.2 - Typical mapping accelerometer locations
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5.4.6.3 Procedure

1. CUT must include all applicable wedges (TPAs, PLRs, etc.), seals, etc. Number each mated connector pair. Prepare
each sample by assembling all applicable parts and bundling (with tape, convolute, scroll, etc.) the conductors. Consult
the authorized person for details on intended bundling.

2. Construct a suitable mounting apparatus using the following design criteria:

a. The mounting apparatus must be constructed and secured to minimize added effects (harmonics, dampening,
resonance, etc.).

b. Forin-line connectors, mount the mated connector pair directly to the mounting bracket using the connector feature
provided for molnting. See Figure 5.4.6.3A.

c. For device conmectors, mount the device directly to the mounting bracket. See Figuré 5]4.6.3B. Use the normal
device mounting feature(s) used to secure the device in its intended vehicle locatiof.

d. For all connectdrs, provide wire retention at 100 mm = 10 mm from the rear ofithe connector body. This is illustrated
in Figure 5.4.6.3C. The figure also shows three allowable attachment methods for the wires|at the 100 mm distance.
These are examples. Other wire attachment configurations not showndinythe figure are allgwed.

3. Should an applicatign arise that does not lend itself to either situation-described above, consult the authorized person.
It is his or her respgnsibility to devise a suitable method for attaching the CUT as directly and [firmly as possible to the
mounting bracket cansistent with the intended vehicle mounting.

4. Securely attach the |conductor bundle ends to the mountingfixture so there is no stress on the|cable.

&g Module [UT

MountingBracket Mounting Bracket
Shaker Shaker
A B

Figure 5.4.6.3A and 5.4.6.3B - Vibration mounting positions
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* The 5 mm dimension
the attachment point.

Zipties/zip locks/
plastic straps/
plastic ties

Tape

W Clamping.w/

protective
media“for wires

100 +10 mm“‘—ﬂ k—-‘~7100 410 mm

For most high voltage wires and latge low voltage wires, there will be less

requirement is to not intentionally stress the wire when.placing the wire.

5. Subject the CUT to
shock and vibration

6. Subject the CUT t
perpendicular axes,

cycle. Related to th
acceptable alternatd
(not concurrently as

Figure 5.4.6.3C - Wire attachment examples for vibration

testing may be completed in sequence for each axis before proceeding to

s a suggestion only. For low voltage-wire, most set-ups will have a 10 mm £ 5 mm sag relative to

han 5mm sag. The only

mechanical shock perTable 5.4.6.3A in each of the three mutually perpendicular axes. Mechanical

the next axis.

b the appropriate vibration class schedule per Table 5.4.6.3B in each) of the three mutually
When identified in Table 5.4.6.3B, thermal cycling shall be performed during the entire vibration
e temperature/vibration profile that the temperature profile in ISO 16750-3 Section 4.1.1 is an
to the.temperature cycle shown in Table 5.4.6.3B. Sine and random profileg shall be run separately
sine + random profile). Sine frequency sweep is 1 octave/minute for all sinje profiles.

7. Repeat the schedule for vibration duration (Table 5.4.6.3B) until the test is complete.

8. Age the samples for 48 hours at ambient conditions.

9. At the conclusion of the test, measure the CUT/TUT as required per appropriate test sequencing table.
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Table 5.4.6.3A - Schedule for shock testing

Vibration Shocks Wave Direction Duration Acceleration
Class per Axis Shape () (ms) (9)
VA1 10 Half Sine Wave Positive 5t0 10 35
V2 10 Half Sine Wave Positive 5to 10 35
For V3, V4,
V5 only: 1 1132x6 =792 | Half Sine Wave Positive/Negative 15 25
Perform
Tests1and2 | 2 | 3x6=18 Half Sine Wave | Positive/Negative 11 100

Table 5.4.6.3B - Schedule for vibration duration and temperature

Random Total Vibration Time
Vibration Sine|Duration Duration for each CUT Chamber Temperature
Class (hours/axis) (hours/axis) (reference) for Thermal Cycling
V1 N/A 8 24 N/A
V2 N/A 8 24 IN/A

Tmin per Table 5.1.4.1 with dwell time of
V3 22 22 132 2 hours then transition to Tmax per Table
5.1.4.1 with dwgll time of 2 hours

Tmin per Table 5.1.4.1 with dwell time of

V4 32 50 246 2 hours then transition to Tmax per Table
5.1.4.1 with dwegll time of 2 hours
V5 N/A 22 66 IN/A
NOTES:

1. Prior note deleted,
2. Prior note deleted.
3. One thermal cycle|is approx--360 minutes.

4. Humidity is not controlled,for vibration testing.
5

. The temperature transition rate in the chamber is to be between 3 to 5 °C/min.
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Table 5.4.6.3C - Schedule for vibration intensity

Level Random Sine
F PSD PSD
(Hz) (m/s?)?/Hz g%/Hz
5.0 0.192 0.00200
12.5 23.8 0.24800
V1 77.5 0.307 0.00320 Vibration schedu]e at this level does not
145.0 0.192 0.00200 have a sine component.
200.0 1.13 0.01180
2308 8-834 5-86632
1000.0 0.002 0.00002
g (rms) 17.74 1.81¢g
F PSD PSD
(Hz) (m/s?)?/Hz g%/Hz
V2 2600600 01'336 (1)23(1)88 Vibratioh schedu]e at thid level does not
: have a sine component.
2100 9.60 0.10000
1200.0 9.60 0.10000
g (rms) 119 1219
F PSD PSD F Accel. Accel.
(H2) (m/s?)?/Hz g?/Hz (Hz) (m/s?) g
1Q 10 0.104 100 100 10.2
V3 100 10 0.104 150 150 15.3
300 0.51 0.0051 200 200 20.4
500 20 0.208 240 200 20.4
2040 20 0.208 255 150 15.3
g (rms) 181 18.59g 440 150 15.3
Fi RSD PSD F Accel. Accel.
(Hz) (m/s?)?/Hz g?/Hz (Hz) (m/s2) g
1( 10 0.104 100 100 10.2
V4 10P 10 0.104 150 150 15.3
306 0-54 0-0654 200 306 30.6
500 20 0.208 240 300 30.6
2000 20 0.208 270 100 10.2
g (rms) 181 185¢g 440 150 15.3
F PSD PSD
(Hz) (m/s2)?/Hz g?Hz
20 200 2.08
V5 ;OOO %050 02.60085 Vibration schedu]e at this level does not
have a sine component.
800 0.5 0.005
1000 3 0.031
2000 3 0.031
g (rms) 107.3 109g
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Table 5.4.6.3D - Vibration intensity - Graphic

Random Sine
Level (PSD in (m/s?)3/Hz versus Frequency in Hz) (Acceleration in m/s? versus Frequency in Hz)
V1 Vibration schedule at this level does not have a

sine component.

0.01

0.001

V2 Vibration schédule at this Jevel does not have a
1 sine comppnent.

50 500 5000

—_— 250
10 — \
\ / —
V3 1 =
AR
N f ) 50
0.1 1 4 ) 50 250

10 100 1000

500

10

V4 1 \/
SO
ot ) 50
10 TOU TOUO 00 <00
1000
100 N\
V5 * \ Vibration schedule at this level does not have a
. \ / sine component.
N—
0.1
10 100 1000
NOTES:

() Sine and random profiles shall be run separately (not concurrently as sine + random profile).

@ Sine frequency sweep is 1 octave/minute for all sine profiles.
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5.46.4 Acceptance Criteria

Verify conformance of CUT/TUT per corresponding measurement section as identified in test sequence.

547 Connector-to-Connector Audible Click

5471 Purpose

Studies show that assembly plant technicians depend on audible and coincident tactile feedback that indicate full seating
of electrical connectors regardless of background noise. This test measures the level of noise generated when two
connectors are mated. Connectors are mated by hand for this test rather than being clamped into a fixture which could

dampen or amplify the sound.

The values shown in thi

5.4.7.2 Equipment
e dB meter
5.4.7.3 Procedure

16 sample pairs are req
populated with terminalg
1. Measure and recorq
be between 30 and

2. Locate the sound m
3. Mate the connectors
not bias the connec
4. Repeat steps 1 thro
limit of moisture con
then completing the
5474 Acceptance (

5 test procedure and acceptance criteria are taken from actual plant experi

hired (two groups of eight). Samples are to be production-intent. The conne
. Include all TPAs, seals, stuffers and auxiliary,pieces as applicable.

the dB (A) level of the ambient sound within the test environment. The 4
50 dB (A).

easuring device or microphone 600-mm + 50 mm from the connector.

in group 1 by hand and measure the dB (A) level of the sound generated
ors toward or away from, the'latch as they are engaged.

Lgh 3 using the grotp 2 connectors, post moisture conditioning. Parts are
ent by exposing ‘dry as molded parts” to 95 to 98% relative humidity at 40 °
test within 30.minutes.

riteria

The values measured in

this test shall be documented in the test report. These values should be cg

ence.

ctor cavities shall not be

mbient noise level must

bs the lock engages. Do

brought to their practical
C for 6 hours (minimum),

nsidered for information

only and are used to compare connector designs or to assist in the connector selection/wire harne

55 design process.

54.38

5.4.8.1 Purpose

Connector Drop Test

This test evaluates the ability of the connection to withstand impact due to dropping on a hard surface.

5.4.8.2 Equipment

Ruler

e Concrete surface
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5.4.8.3 Procedure

1.

Prepare connector assemblies with all components to be used in the intended application (CPA, TPA, PLR, lever/slide,

etc.). Lock components as applicable in their design intended pre-staged (shipping) position. For harness type
connectors, do not insert leads or terminals.

six groups.

For each group, drop one sample at a time once and only once onto a horizontal concrete surface from a height of at

least 1 m, orienting the samples in six groups corresponding to the six connector “faces” of a rectangular connector.

ach orientation.

2. Divide samples into
3.

Use one group for e
4. Record any damagg
5. Verify conformance
5.4.8.4 Acceptance (

1. Samples shall meet

2. Components shall n

5.4.9 Cavity Damage

5491 Purpose

This testis intended to d
inserted on a connector
metal parts must subse
procedure does not app
or to TPAs that are desi

54.9.2 Equipment

e Force tester

5.4.9.3 Procedure

1. Obtain samples. Sg

or movement/separation of components.
of each sample connector assembly to the acceptance criteria of 5.4.84.
riteria
5.1.8.
ot be displaced from their intended shipping position:

Susceptibility

emonstrate resistance to damage when'the connector TPA (or PLRor ISL a
with one or more terminals in anxincomplete (unseated) position. The cav
quently be able to be assembled correctly and retain full function follow
y to connectors where the TRA’is designed to push the terminal into its se
gned such that their mating-direction interferes or is perpendicular with a te

mples-consist of five connectors with terminal secondary locks in the un-

5 applicable) is forcefully
ty and other plastic and
ng such an event. This
bted and locked position
rminal that is unseated.

seated position and five

terminated leads for

edch terminal size in the connector.

2. Randomly select one cavity of each terminal size from each connector sample. Note that testing is done for each of the

terminal sizes used

when testing hybrid connectors.

3. Determine the applicable test force to be applied to the secondary lock using this procedure: Add 40 N to the maximum
force measured to seat the TPA/PLR device (with all terminals located properly) per 5.4.5.2.3 A4. The test force shall
be the determined force or 80 N for =1.5 nominal size terminals and 60 N for <1.5 terminals whichever is greater. Note
that the force will increase quickly and an automated stop on the machine applying the force will be needed.

4. Partially insert 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 in this position, apply the force determined in step 3 at a rate not to exceed
50 mm/min to the terminal secondary lock in the direction of normal seating. Record whether the TPA traveled to its

normal seated and |

ocked position.
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5. Remove the force, remove the terminal from the cavity, and seat the terminal in its normal position. Inspect for damage.

Seat the secondary
6. Perform aterminal r
5494

1.

lock.

etention test on each terminated lead per 5.4.1.3 B.

Acceptance Criteria

When the force in step 4 is fully applied, the TPA shall not seat in its final position.

2. Terminal retention must meet the force listed in the far-right (post humidity) column of Table 5.4.1.4.

NOTE: Moisture conditioning is not required for this group, the heading of the table applies to a different test.

3. No damage shall bg
5.4.10 Terminal/Cavity|
5.4.10.1 Purpose

This test is conducted td
terminal in any incorrect

terminal is meant to plug and lock in any (360 degrees) orientation.

NOTE: Mechanical eqy
assembly. Ther
show that it is n
shall be include
NOTE: Surrogate data
terminal, cable,
thickness doubl
the need for ind

5.4.10.2 Equipment
Insertion force teste|

5.4.10.3 Procedure

seen in the inspection from step 5.

Polarization Test

ensure that the design of the cavity and terminal polarization features wil
orientation. This procedure is not required for multi-directional (round) or

ipment may not simulate the action of anvoperator to finesse terminals
fore, in addition to this procedure, an expeért evaluation shall be condug
ot reasonably possible to incorrectly assemble terminals to connectors. A
i in the test report.

may be used to fulfill the requirements of this test. If surrogate data is used,
and all materials (except terminal plating) shall be identical. Other factors

vidual testing in such ¢ases.

I with peak ¢eading feature and fixtures or jigs as necessary

prevent insertion of the
bther designs where the

and connectors during
ted and documented to
summary of the results

the design of the cavity,
such as connector wall

b or single row, etc., may also influence the test outcome. The responsible ¢ngineer shall determine

1. By analyzing the ca

ity’and terminal design, choose the incorrect terminal orientations to be tes

ted. At a minimum, each

incorrect orientation in increments of 90 degrees must be tested. Rectangular designs where improper insertion at
90 degrees from horizontal is clearly not possible do not need to be tested at these positions. It is permissible to test
these designs in 180 degree increments. The responsible engineer is the final authority for determining the positions to

be tested.

using the largest gage size conductor and insulation thickness applicable to the design.

Prepare enough terminated leads to test each orientation selected in step 1 at least ten times. Prepare leads per 5.1.6

Procure connectors sufficient to test each incorrect orientation determined in step one at least ten times using a fresh

cavity for each test. Use no less than three connectors. Number each connector and each cavity.

of the connector or the terminal cavities

Secure the connector shell in an appropriate fixture. The fixture shall not distort the natural state, shape, or geometry


https://saenorm.com/api/?name=41acf469456ccdf8baca6df8b9c96dbc

SAE/USCAR-2 REVISION 9

PERFORMANCE S

PECIFICATION FOR

AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Revised 2024-12

-3 -

5. Secure the terminal sample in the force tester by gripping the conductor a minimum of 20 mm behind the insulation

grip.

6. Adjust the connector holder and force tester to insert the terminal in one of the “incorrect” orientations chosen in step 1.
Adjust the force tester to insert the terminal straight into the connector.

7. At a rate not to exceed 50 mm/min, apply a force equaling 1.5 times the maximum force recorded in 5.4.1.3-7

(terminal-connector

insertion force) or 15 N, whichever is greater.

8. Insert the terminal into the cavity until the force determined in step 7 is reached.

9. Record results (terminal seated in cavity, terminal inserted but did not seat and to what approximate depth, terminal did

not enter cavity, etc

10. Repeat steps 4 thro
been tested.

)-

Igh 9 using fresh terminals and cavities/connectors until all combinations d

11. Complete the visuallexamination of the terminals and connectors per 5.1.8.

5.4.10.4 Acceptance (riteria

1. Terminals inserted

orientation shall nqt fit or lock into a connector cavity beyond the insulation wings (gri

Figure 5.4.10.4).

2. There shall be no v

and function following any attempt at incorrect insertion per this procedure.

3. The expert evaluation shall be completed and documented.

NOTE: Where wire bu
crimped to a ga
prepared in this

Cpnnector Body,

Ckling and operator sensitivity cause problems in obtaining test repeata

manner require additional connector samples.

Insulation grips or seal mu

btermined in step 2 have

at a force 1.5 times the normal insertion force or*15 N (whichever is greater) in any incorrect

Ds) or cable seal (see

sible damage to either the terminal orceonnector that would prevent subgequent correct insertion

pility, terminals may be

ge pin, solid core wirejor‘other metal dowel material and used to obtain measurements. Samples

bt

- be visible
| 1!
[t=m ] )
PR Uau

Mis-plugged terminal

Figure 5.4.10.4 - Maximum allowable insertion of incorrectly plugged terminal

5.4.11 Connector Mounting Feature Mechanical Strength

5.4.11.1 Purpose

This test is designed to test the mechanical strength of clip slots and other designed-in mounting features for electrical
connectors. Such features must withstand mechanical stresses (pulling, pushing, etc.) expected in the vehicle including
vehicle assembly, service and repair without functional damage to the housing.
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5.4.11.2 Equipment
e Force tester

e Metal attachment fixture tooled to the dimensions of a typical mating clip slot (see Figure 5.4.11.3A for an example
using the standard 11 mm clip slot)

e Mating connector for the CUT; one non-mounting (mating) connector may be used to test all connectors if not damaged

5.4.11.3 Procedure

1. Ensure the correct number of samples are available. Six directions/locations are tested (F1 through F6). A minimum of
30 connectors (five’lr each direction) must be tested. Use of a new sample for each test isyrecommended; however,
the same samples may be used for testing various force directions if not damaged. If clips fested on the connector
under test and passgs per 5.4.5.1.4, testing in direction F5 does not need to be performed.If a retainer clip is available,
it typically will be uspd to reduce sample size and avoid making a custom fixture with. @locking|feature.

2. Mate connector under test to its mating connector. Secure the mated connector pair to the aftachment bracket in the
way intended for use. No additional reinforcement of the connector slot is pefmitted.

Figure 5.4.11.3A - Mounting fixture example (non-locking)

3. Apply a force to the [connector at a rate not to exceed 50 mm/min to the non-mounted mating ¢onnector in direction F1
until breakage of the mounting feature, reléase from fixture, or the force specified in the acceptance criteria of 5.4.11.4
is reached. Apply the force 5 mm fromthe edge (rear or side as applicable). Figures 5.4.11.3IB and 5.4.11.3C provide
illustrations for typical connectors.

Support
Bracket

Mounting Feature

g OO O .
o
- |
= 1]
/ AL
Connector, ~5mm fromedge
Latch (2X,F2 and F4)

Figure 5.4.11.3B - Test set-up (end view)
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.H'
4
ke, . : :il (E
Mounting™—™ P Y/

Connect "
r / . A
Non- ] / ,’1

Mountina F1

Figure 5.4.11.3C - Test set-up (3D view)

4. Remove the connedtor from the fixture.

5. Repeat steps 2 to 4(with four additional connectors.

6. Repeat steps 2 to 5|in the other directions, F2, F3, F4, F5 (if needed), and F6. Each force is designed to be applied 90
degrees apart. (As rloted before, if clip is tested on the connector under test and passes per 5.4.5.1.4, testing in direction
F5 does not need tq be performed.)

5.4.11.4 Acceptance (riteria

Table 5.4.11.4 - Clip slot acceptance criteria

Direction of Force Clip Slot Width. €1 mm | Clip Slot Width >11 mm
Per Figure 5.4.11.3 B/C (N) (N)
F1 50 50
F2 50 50
F3 50 50
F4 50 50
F5* 110 165
F6 50 50

* Typically not tested if there is a pass of 5.4.5.1.
5.4.12 Mechanical Assijst Integrity(Connectors with Mechanical Assist Only)

5.4.12.1 Purpose

This test is used to ensure that lever or slide assist features as part of a connector assembly will remain in place and
undamaged during the wiring harness and vehicle assembly process.

5.4.12.2 Equipment
e Force tester
5.4.12.3 Procedure

1. Prepare a minimum of five sample connectors with levers/slides in their open position. Wires, terminals, TPAs, and
seals are not required.

2. Complete the visual examination per 5.1.8.
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3. Make a fixture that will secure the connectors to be tested without distorting any of the parts. Mating parts may be used
as part of the test fixture.

4. Mount the samples in the fixture.

5. Apply a 100 N force in direction “F,” as shown in Figure 5.4.12.2, at the rate of 50 mm/min £+ 10 mm/min with the lever
or slide in both the open and closed positions. The point of the force application is determined by the authorized person
to be that which is most likely to cause failure.

6. Apply a 100 N force in the direction opposite to direction “F” at the rate of 50 mm/min £ 10 mm/min with the lever or
slide in the open and closed positions.

7. Position the slide o
force in direction “F,

8. Position the slide o
force in the directiorn

9. Complete the visual

54.12.4 Acceptance (
1. The lever/slide mus

2. The lever/slide mus
damage.

5.4.13 Connector Seal

lever in a position approximately halfway between the open and closed
" as shown in Figure 5.4.12.2, at the rate of 50 mm/min £ 10 mm/min,

lever in a position approximately halfway between the open and glosed
opposite to direction “F,” as shown in Figure 5.4.12.2, at the rat€’of 50 m

examination per 5.1.8.

Figure 5.4.12.2 - Side force strength

riteria

withstand a 10Q N force in the open and closed positions without separati

positions. Apply a 60 N

positions. Apply a 60 N
n/min £ 10 mm/min

pn or damage.

t withstandya 60 N force in the midpoint position (lever half -way closed) without separation or

Retention - Unmated Connector

5.4.13.1 Purpose

This test is done to ensure that connector seals will be sufficiently retained during shipping and handling prior to being

mated or assembled.

5.4.13.2 Equipment

e Variable speed motor with rotating table
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5.4.13.3 Procedure

NOTE: If the design uses a pre-staged secondary component that interacts or aids in the retention of the connector seal,
then conduct the test with this component in both its pre-staged and final position. If the design uses a loose-piece
secondary component, then conduct the test with and without this component.

1. Prepare ten fully assembled connector samples. Terminals and wires are not required.

2. Properly secure the sample under test per Figure 5.4.13.3 and ensure that only the connector seal is free to move.

3. Rotate the table at a speed [rpm] to generate a minimum acceleration of 1960 m/s? [=200g] for a minimum of 10 seconds.
Direction is optional. Using the equation below, calculate the required RPM.

N = [(sart (a/R)) x 60)/(2 x 1)
where:
a = acceleration in m/s?
R = distance [mters] from the center of rotation to the nearest edge of the connector seal
Example:
a=1960 m/s2and R=0.2 m > N = [(sqrt (1960 m/s2/0.2 m))x 60s]/(2 x T)=> N = 945.33 fpm

4. Record and documegnt [photograph] the position of the connector seal.

Connector Seal

Connector Bady

Fixture Table

igure 5.4.13.3 - Unmated connector seal retention test configuration
5.4.13.4 Acceptance Criteria

The connector seal shall be sufficiently retained in design position such that both mating of the connector and the function
of the seal are not diminished.

5.4.14 Connector Seal Retention - Mated Connector
5.4.14.1 Purpose

This test is used to determine that the connector seal will retain during mating and unmating of the connector assembly.
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5.4.14.2 Procedure

1.
terminals, wires and

housing. Connector

seals as appropriate for the design.

Mate connector to device or mating male connector.

shall be fully separated within 1 second.

5.4.14.3 Acceptance Criteria

Seal shall remain on the
5.4.15 Airbag Inflator (
5.4.15.1 Purpose

This test determines the
self-ejection performandg
electrical disconnection
specification applies to

5.4.15.2 Equipment

e Force tester with re

supplier may agree
be noted in the test
Continuity tester (C]

Power supply capal

Inert igniter pocket
resistor. Reuse of th

Retainer as applical

e  Shim with thickness|

connector and in its intended position.

onnector Self-Rejection Assessment

self-ejection performance of airbag connectors designed 10 self-reject if
e is important in determining if an incompletely mated<connector can be dg
The test procedures apply to 90 degrees (right angle) and 180 degrees
ersions with and without shorting bars.

ctangular probe (size between 8 mm@and 9 mm, round, rectangular, or
bn a smaller size only if the available*push surface cannot fit the called-for s
report.

)
le of 100 mA DC

with applicable coding ring, as applicable (typically per EWCAP 999-U-00?
is part is allowed 'so only one device is required for the test.

ble to design (for example, per EWCAP 999-U-002-1-Z03 or EWCAP 999-

matched to connector under test so the connector is just prevented from |

Prepare ten female housings with radial seals and ten complimentary male connectors or mating parts along with

Remove connector from the device or mating connector by using the wires when possible or by grasping the connector

hot properly mated. The

tected by monitoring for
(straight) versions. This

square). Customer and
izes. Any variance must

-1-202) with 2 Q bridge

J-002-1-Z04)

bcking

5.4.15.3 Procedure

1.

Prepare a sample group with a minimum of ten samples for each of four probe positions (40 samples min) with complete
assembled squib connectors. Any conductor size and insulation type applicable to the connector can be used. These
details must be documented in the test report. Number each connector assembly.

Determine an applicable shim thickness as shown in Figure 5.4.15.3E so when placed between connector and top
surface of igniter, the shim prevents the connector from locking but comes as close as possible to allowing the connector
to lock. No friction between shim and connector is allowed. Place the shim on the inert inflator as shown in
Figure 5.4.15.3E.

Attach continuity test leads to the connector as shown in Figure 5.4.15.3A. The electrical measurement is done through
the inert igniter.
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4. Secure the inert inflator in an appropriate fixture. Place, but do not secure, the female connector on the male connector
in the correct mating orientation. Adjust the probe to insert the female connector axially to the male counterpart.
(Straight-in engagement is important to avoid torque loads and torsion, which may affect the force results.)

5. Test per this sequence:

a. Set stop force o

n force tester to 80 N to avoid damage or compression of sample.

b. Mate the conne
(see Figure 5.4,

c. Reverse test difection to unmating direction at a rate, 02300 mm/min until movement of

that force probe

d. Record whethe

infinite and approximates the value of the bridgé resistor). The resistance value itself will b

shorting clip ver

e. Repeat test witl
locations have t

f. Repeat above s

connector female

1
terminals U
%

Figure 5.4.15.3A - Circuit for monitoring.continuity

male pins

igniter
R~20

Y

bridge wirg

&

ctor at a uniform rate of 50 mm/min £ 10 mm/min-in position 1, 2, 3, or 4
15.3B for locations). Continue until the female©onnector is blocked by ma
is not in contact with connector after this step.

the electrical signal indicates.disconnected (resistance infinite) or conn
sion and actuation method.and does not need to be recorded.

probe in positions2,"3, and 4 per Figure 5.4.15.3B using new samples.
he force applied offzeenter with ~1 mm of probe contacting the connector b

teps for all samples of group.

Ap

Bs applicable per step e
e counterpart and shim.

tonnector stops. Ensure

ected (resistance is not
e different depending on

Note that additional test
ody.

plied
rce

marked as 1 through
location is centered

For locations 2, 3,

connector.

N

Area to apply the probe for testing is

4, where #1 probe ﬁ \L
on the axis of the .

overhangs, contacting only 1 mm of the

and 4, the probe : ' ; o
g@)--smm G )™ ShIM

Applied

«—— Connector

/ "'”'"Igniter

Figure 5.4.15.3B - Self rejection set-up (90 degrees and 180 degrees)

interface as close as possible without @ e @@@
disturbing wires or motion of connector o @ -~ @ .
components (spring, CPA, etc.). @@ ~Axial

Connector

<

I~ “lgniter
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5.4.15.4 Acceptance Criteria
Connector shall be disconnected at end of movement by having an infinite resistance reading and visual confirmation

NOTE: The acceptance criteria of this section is not linked with mating force. Forces are measured by the separate relevant
paragraphs. The result of this section is not a resistance value; it is an electrical condition (connect/disconnect).

5.4.16 Bolted Connector Function
5.4.16.1 Purpose

This test determines whether a bolt-mated connector will remain operational for the life of a vehicle.

5.4.16.2 Equipment arld sample prep

Equipment: Force testen (6 kN capacity, minimum) with applicable test fixtures and probesto’push and pull connector’s bolt
head.

o Samples: When us€gd for “bolt-mated connector (stand alone)” per test sequefice AK (see Tablg 5.9.5), divided samples
into two equal groups:

e Group A, fully populated

e Group B, at least 73% of the wires removed leaving wires in thé& furthest corner from the bolt {or a location that would
induce the largest offset mating force).

For all other test sequences, use three samples (randonily selected) for the test.

Bolt
T”REI‘@' e Retainer

Bolt

o ——

RECEPTACLE PLUG

Figure 5.4.16.2 - Parts of a bolted connector
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5.4.16.3 Procedure

1.

10.

1.

12.

If connector is mated from prior operations, inspect the permanent line mark placed on the bolt and nearby connector
structure in USCAR-2 step 5.1.7.3. Record whether the initial bolt head position has changed, and by how much.
Unmate connector. Record the torque required to unmate.

Place a mark either vertically or horizontally across the threaded insert and accompanying support walls. This will be
the “zero-point of insert” marking.

Mate connector under test (CUT) using the recommended installation torque. (This is referred to as the first mating.)
Omit this step if connector was mated in prior operations.

NOTE: The recominended installation torque is provided by the connector engineer based
to standardized manufacturing practices for air guns will generate too™n

torque tied
method.

Unmate CUT. Record the torque required to unmate.

Inspect and record any displacement from the zero-point marking of the insert.

Mate CUT again, af
NOTE: The 200% rg
mate the ca
requiremen
the connect
customer.
Unmate. Note any d
Inspect for damage

Using three sample

For all other samples, if CUT passes( proceed to the next step in the test sequence.

Mate the connector

NOTE: At the discreg

Mount connector on

plying 200% of the recommended installation torque{second mating).
quirement is based on having a “recommended installation torque” based

nnector. If the torque requirement is directed'by an OEM in order to stan
may not be applicable. If the recommended installation torque is not bag

ifficulties in disassembly.
related to the bolt-assistedumating. Record any displacement from the zerg

5 (from group A, when performing the stand-alone test), continue testing u

(third mating)-until the bolt is hand tight.

tion of the lab manager, a separate bolt can be used rather than mating th

on the design. Using a
uch torque for this test

on the torque needed to
Hardize power tools, the
ed on the force to mate

pr plus an acceptable design margin, this‘requirement needs to be assess¢d between supplier and

-point of insert marking.

s5ing the following steps.

e entire connector.

aforce tester with the bolt facing the tester's movable probe. Align the prgbe’s center to the bolt’s

center.

Slowly apply force in direction A per Figure 5.4.16 until 3 kN is reached and hold for at least 30 seconds. NOTE: Stop
the test if failure occurs before test force is reached or test hold time elapses.
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13.

14.

15.

16.

17.

18.

19.

20.

5.4.

THREADED INSERT

- | Q
% ,})}\\‘})})}})k\\)\\\\\\
8

— -}
l_\\\
J

Direction B

-

Direction A

RECEPTACLE

I
Release the force. R
proceed to the next

Disassemble and m
the insert moved frg

Re-assemble the co
5.4.16.3.

NOTE: At the discr
lab manage
a pull force.
Mount CUT on a for
6 kN is reached anq
test hold time elaps

Measure displacem
much the insert mo

Inspect for damage

Re-assemble conneg

emove CUT from force tester and visually inspect for defects related to bolt
step.

easure the displacement of threaded insert relative to,the connector housi
m its initial position.

nnector (fourth mating). Attach a test fixture that allows the bolt to be pulled

r may also insert the bolt into the back of the connector to allow a push for

ce tester and slowly applysaforce on the centerline of the bolt in direction
| hold for at least 30 seconds. NOTE: Stop testing if failure occurs before
bS.

ent of threaded insert relative to the connector housing (in mating directig
ed from its initial position.

cton(fifth time) and apply torque until there is a failure. Note failure mode

Figure 5.16.3 - Direction of force for bolt connector insert strength tesit

function. If CUT passes,

hg. Calculate how much

in direction B per Figure

btion of the lab manager, a separate bolt can be used rather than mating the entire connector. The

ce to be used instead of

B per Figure 5.4.16 until
test force is reached or

ns A/B). Calculate how

whether the bolt breaks

first or insert spins d

r strips first).

If CUT passes, proceed to the next step in the test sequence.

16.4 Requirements

If CUT is part of a larger test sequence and a mark was placed on the CUT per USCAR-2 step 5.1.7.3, the bolt head
shall be in the same position as it was initially, as indicated by the mark.

Inspection of CUT shall show no damage related to the mating and unmating operations on first, and second mates.

Threaded insert shall not move more than 0.5 mm because of the applied force in direction A after third mating or
direction B after fourth mating.
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Bolt must break during fifth mate (over-torque-to-failure test). Bolt shall break at a torque higher than 200% of the
recommended application torque. No other part of CUT shall break other than the bolt.

Threaded insert shall remain at the zero point of the insert after all connector mates, including when applying torque-
to-failure during fifth mate.

Threaded insert shall not have stripped threads or spin in the connector housing after any test, including the fifth mating
(to connector failure).

For samples put through environmental testing, connector unmating process shall not be changed in any way because

of the exposure to the environmental stresses (i.e., part operates as easily after environmental stress as before).

5.5 Connector - Elect

5.5.1 Insulation Resis

5.51.1  Purpose

This test verifies that th
detrimental electrical cq
This test is typically don
connector during testin
connector types both se|

5.5.1.2 Equipment
e Megohmmeter
5.5.1.3  Procedure

NOTE: This test is typi
form of moistur
connector pairs
after any prior e
or other contam
on each sample
samples may df

Prepare cut leads a

ical Tests

tance

b electrical resistance between any two cavities in a conhector system wil
nductivity (current leakage) between the various circuits passing through
e after other environmental stress tests to ensure that/any contaminants th
j are not sufficient to create an unintended electrical path. This test sh
aled and unsealed.

ally used only in conjunctioen with another test that subjects the connecto
b or other contaminantiintrusion. Test the same samples used for the re

nvironmental conditioning. When sealed connectors are to be tested followi
nants (except.influid resistance test) it is important that this insulation resig
within 1 hoUk-of concluding the associated test (otherwise, any contaming
y to the point of being undetectable by this insulation resistance test).

5 specified in 5.1.6, if not done already.

be sufficient to prevent
that connector system.
it may have entered the
all be performed on all

r to the chance of some
ated test. For unsealed

test samples must restin ambient environment for =3 hours prior to measuiiing insulation resistance

ng exposure to moisture
tance test be performed
nt that might invade the

Connect the megohmmeter, with the power off during set-up, 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 authorized person. Keep power off while the CUT may be touched. Test coaxial
cables with voltage on the center conductor and the ground on the shield wire.

W
W

Figure 5.5.1.3 - Method of connecting leads for insulation resistance test
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Use the megohmmeter to measure the resistance between adjacent terminals: Apply a test voltage of 500 VDC and

allow the meter to stabilize. Test the mated connector assembly for those samples that have been subjected to prior
stress testing. Test both halves of the connector system if applicable.

3.
4.
5.
be shorted together
55.1.4

by the shorting bars (shorting bars “open”).

Acceptance Criteria

Record the minimum resistance measured and verify conformance to the acceptance criteria of 5.5.1.4.

For connectors with shorting bars, take the insulation resistance measurement between the two terminals designed to

The resistance between every combination of two adjacent terminals in the CUT must exceed 100 MQ at 500 VDC. This

includes terminals that n

5.6 Connector Enviro

5.6.1 Thermal Shock

5.6.1.1  Purpose
This test subjects the ¢
various materials used i

5.6.1.2 Equipment

e Two temperature ch
temperature of the t

5.6.1.3 Procedure

1. Number each mateq

nay be separated by one or more vacant terminal cavities.

hmental Tests

onnector assembly to extreme temperature cycles‘that cause expansior
h the connector system. This is intended to produee accelerated wear at th

ambers: Cold soak chamber capable of 240 °C and hot soak chamber capa
emperature class selected from Table\5.1.4.1

connector pair.
erature class for the intended application of the connector system from Ta
bmperature faor the temperature class selected. Allow the chambers to stah

n the cold_soak chamber so that there is no substantial obstruction to air
samples are not touching each other.

and contraction of the
e terminal interface.

ble of meeting maximum

ble 5.1.4.1. Set the cold

perature to the minimum ambient temperature for that class. Set the h¢t soak chamber to the

ilize.

flow across and around

b 'cold soak for 30 minutes.

2. Determine the temp
soak chamber tem]
maximum ambient

3. Place the samples
the samples and thd

4. Allow the samples t

5.
cold to hot chamber:

6.

7.

8.

5.6.1.4

s is acceptable.)

Allow the samples to heat soak for 30 minutes.
Transfer the samples from the hot soak chamber to the cold soak chamber.
Repeat steps 4, 5, 6, and 7 99 more times.

Acceptance Criteria

Verify conformance of CUT/TUT per corresponding measurement section as identified in 5.9.

Transfer samples from the cold to hot chamber in less than 30 seconds. (Automated equipment that moves CUT from
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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.

5.6.2.2 Equipment

o Temperature chamber(s) capable of -40 °C to temperature class selected from Table 5.1.4.1 and RH of 0 to 95%

5.6.2.3 Procedure

1. CUT must include a]l applicable wedges (TPAs, PLRs, etc.), seals, etc. Number each(mated cpnnector pair.

2. Place the samples ip the chamber so that there is no substantial obstruction to air\flow across gnd around the samples,
and the samples ar¢ not touching each other.

3. Determine the tempgrature class for the intended application of the connéctor system from Table 5.1.4.1. Then set the
temperature chamber to the temperature for that class. Allow the chamber to stabilize before groceeding.

4. Subject samples to 40 times per the blue-shaded cycling scheddle’shown in Figure 5.6.2.3. Extended transition times
may be used as long as the dwell times at temperature are maintained. The cycle begins with the sample at -40 °C and
un-controlled relative humidity. Completion of the schedule shown in Figure 5.6.2.3 constitytes one cycle. Use the
maximum ambient temperature for hours 5 through 7, as-determined from Table 5.1.4.1 in step 6 above.

5. At the conclusion offthe test, measure the CUT/TUT-as required per appropriate test sequencing table.

v \ 100
130 1 33— B\ N . | O R e e o e
_ Mo+ > ia - a0 N,
g 90 g  — . [ = 70 \
= | AN \ 2 | lIII e
é 701 """;' 5 i il' | % G} FERRSRRRRREREREL ............coiiieienninnnnaas 5 ............... B S
E 50 - ----I-||=' i 5. 5 I I
E 10 _I‘lll : o I I :'1.' E KWE
A 2 3 7 5 5 T v
-30 ._ /1 1 .\ I] 10
-50 -+ . 0 T
Time (Hours) 0 1 2 3 4 5 8 7 8
Time (Hours)
Key:
1. 40°C
2. 80to 90 °C
3. Test temperature per Table 5.1.4.1 (class 3 shown for illustration)
4. Relative humidity is uncontrolled. Do not vent chamber at hour 5.
5. Use 80 to 100% relative humidity

Figure 5.6.2.3 - Temperature/humidity cycling schedule
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5.6.2.4 Acceptance Criteria

Verify conformance of each CUT/TUT per corresponding measurement section as identified in 5.9.

5.6.3 High Temperature Exposure

5.6.3.1  Purpose

This test evaluates the effects of long-term exposure to elevated temperature on connector assembly components. Thermal

aging may cause changes in metal and plastic materials, including stress relaxation in important flexing members of the
terminal or its connector. These changes may be detrimental to electrical and physical performance.

5.6.3.2 Equipment

e Temperature chamber(s) -40 °C to + temperature class selected from Table 5.1.4.1.

5.6.3.3 Procedure

1. CUT must include aJl applicable wedges (TPAs, PLRs, etc.), seals, etc. Numbereach mated cpnnector pair.

2. Determine the tempgrature class for the intended application of the connéctor system from Table 5.1.4.1. Then set the
temperature chamber to the maximum ambient temperature for that'class. Allow the chamber to stabilize before
proceeding.

3. Place the samples ih the chamber, set to the maximum ambient temperature, so that there is np substantial obstruction
to air flow across apd around the samples, and the samples are not touching each other. Lg¢ave the samples in the
chamber for 1008 hpurs.

4. At the conclusion of|the test, measure the CUT/TUT:as required per appropriate test sequencipg table.

5.6.3.4  Acceptance (riteria

Verify conformance of QUT/TUT per corresponding section identified in 5.9.

5.6.4 Fluid Resistanc

1%

5.6.4.1 Purpose

This test evaluates the gealifig-Capability and material compatibility of a sealed connector system when immersed in various
fluids commonly found ih ‘and around road vehicles.

This test is for sealed (S2, S2.5, and S3) connector systems only. Since the same materials are commonly used for
numerous connection systems, the use of surrogate data is acceptable for this test. If surrogate data is used, all references
to the original test(s) shall be included in the test report.

5.6.4.2 Equipment

e Laboratory fume hood

e Stainless steel tanks or glass beakers

e Explosion-proof heat chamber
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5.6.4.3 Procedure

1. CUT must include all applicable wedges (TPAs, PLRs, etc.), seals, etc. Number each mated connector pair.

2. Completely submerge sample for 30 minutes in fluids, stabilized at the temperatures shown in Table 5.6.4.3. A fresh
sample is to be used for each fluid.

Table 5.6.4.3 - Fluid test schedule

Test Temp
Fluid Specification (°C)
Gasoline Any grade, locally obtained 23+5
Diesel fuel Any grade, locally obtained 235
Engine oil API certified, any grade, locally obtained 50+3
Ethanol 285% Ethanol, locally obtained 235
Power steering fluid Any grade, locally obtained 50+3
Automatic transmission fluid | Dexron VI, locally obtained 503
Engine coolant 50% ethylene glycol + 50% distilled water by’ volume, locally obtalned 503
Brake fluid DOT 4 or 5 (or latest available fluid), locally obtained 50+ 3
Diesel exhaust fluid (DIEF) API certified, locally obtained 23+5

3. At the conclusion of
care not to splash a
area at lab ambient
do not allow any dis

4. Atthe conclusion of
of test apparatus.

5. At the conclusion of
5.6.4.4 Acceptance (

Verify conformance of Q

riteria

5.6.5 Submersion

the submersion period, remove the samiple from the fluid. Do NOT shake
hy fluid on unintended surfaces. Leave'the samples “wet” and store them i
temperature for 7 days. Do not allow samples submersed in different fluids
similar fluid drippings to intermingle.

the storage period, samples may be dried sufficiently to allow inspection an

the test, measurethe CUT/TUT as required per appropriate test sequenci

UT/TUT-per corresponding measurement section as identified in 5.9.

bff any excess fluid. Use
n a suitable container or
to touch each other and

i to avoid contamination

ng table.

This test is to be used for sealed (S2, S2.5, and S3 sealing classification) connector systems.

5.6.5.1 Purpose

This test is an accelerated simulation of the “breathing” that may occur in a sealed 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. As a further aid to detecting any leakage, it is recommended that a suitable ultraviolet dye be added to the

saltwater solution.
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5.6.5.2

5.6.5.3

Equipment

Stainless steel tanks or glass beakers

Megohmmeter

Temperature chamber (-40 °C to + temperature class selected from Table 5.1.4.1)

Procedure

This test is intended for test sequences S, RSAA, T, and TUAB (see 5.9.7) for full validations. For submersion-standalone
use test sequence AC (see 5.9.9).

1.

2. Prepare enough sal
10 mL of liquid dish
appropriate ultraviol
the solution to 0 °C.

3. Place the samples
samples, and the sg

4. Determine the temg
ambient temperatur
be tested can be s
demonstration samy

5. Remove the samplg

6. Atthe end of the 30
and then carefully d
on each sample.

7.

(see 5.9.7), proceed

8.

5.6.5.4

Prepare CUT. Seal
applicable wedges

elevated temperatufe of the chamber for 2 hours. If the internal temperature of a representativ

to a depth of 30 to 40 cm. The samples shall remain submersed at this depth for a period of 3(

For sequences AC and AF.(5.9.9), repeat steps 3, 4, 5, and 6 four more times. For sequences

all loose conductor ends to eliminate possible leakage through thecgond
TPAs, PLRs, seals, etc.). Number each mated connector pair.

water solution to completely submerse the samples. Use tap water and 15

washing soap per liter. Mix well before adding to the test-apparatus. It i
et dye be added to assist in visual inspection for any ingress of solution int

in the chamber such that there is no substantial, obstruction to air flow
mples are not touching each other.

erature class of the connector system fram Table 5.1.4.1 and set the ch
e for that class. Allow the chamber to @tabilize before proceeding. Heat s

hown to stabilize at oven temperature in less than 2 hours, the shorter
le may not be used as an actual-test sample.

s from the chamber. Within-30 seconds, submerse them in the 0 °C tempe]

ry the exterior.surfaces of the samples. Immediately perform the insulatior

to next test step.

uctor strands. Install all

to 16 g of table salt and
5 recommended that an
b the test samples. Cool

across and around the

amber to the maximum
oak the samples at the
e sample of the parts to
lime may be used. The

rature saltwater solution
minutes.

minute submersion, remove the samples from the saltwater solution, shake off the excess solution,

resistance test of 5.5.1

R, RSAA, U, and TUAB

At the conclusion of the test, measure the CUT/TUT as required per appropriate test sequencing table.

Acceptance Criteria

Verify conformance of CUT/TUT per corresponding measurement section as identified in 5.9.

5.6.6

5.6.6.1

Purpose

Pressure/Vacuum Leak

This test evaluates the sealing capability of connector systems by applying a pressure differential between the inside and
outside of the sealed area. It is applicable to sealed connectors being tested to S2, S2.5, and S3 sealing classifications.
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5.6.6.2 Equipment

Container (for samp
[ ]

5.6.6.3 Procedure

Pressure/vacuum source (regulated)

Pressure/vacuum gage - 48 kPa (7 psig) minimum

le immersion)

This test is intended for|
standalone, use test seq
1. Ensure CUT consis|
conductor ends to €|

Replace two termin
there is no possible
connector pair. Use
sufficient air can pa

NOTE: It may take
pressure/va
an effect or
adding pres

Prepare enough sal
10 mL of liquid dis
appropriate ultraviol

Bend, do not apply
connector half and
dressing of the con
applications. If actu
intent as closely as
be left out of the 90-

test sequences S, RSAA, U, and TUAB (see 5.9.7) for full validations. &0
uence W (see 5.9.9).

ks of a mated connector pair that includes all applicable parts. Number e
iminate possible leakage through the conductor strands, if notalready dor

bted cables in the connector with two tubes of sufficient‘diameter and wal
leak path between the outer tube surface and the eonductor seal into th
of the actual wire leads instead of using tubes is.acceptable if the cable
5S in a reasonable time to complete the test.

several tries to create a system that allows:sufficient airflow. The length a
cuum supply tubing (or stranded cable if used) as well as the volume withir
the time required to reach the pressafe/vacuum values within the CUT
sure/vacuum ports are acceptable as-ong as the integrity of the part is not

water solution to completely submerse the samples. Use tap water and 15
h washing soap per liter. MMix well before adding to test apparatus. It is
et dye be added to assist in-visual inspection for any ingress of solution int

secure them in this position using actual conductor dress shields if avail
ductors as they exit the connector and is intended to stress the condug
bl production/dress shields are not available, simulate allowable worst-cas|
ossible.«Ensure that the tube is not kinked, squeezed shut or otherwise obs
degree bend if feasible.

Temperature chamber (from -40 °C to applicable temperature per the temperature class selected from Table 5.1.4.1)

r pressure vacuum leak

Ach CUT. Seal all loose
e.

strength to ensure that
e open cavities in each
composition is such that

hd inner diameter of the
a mated connector has
Alternative methods of
compromised.

to 16 g of table salt and
recommended that an
p the test samples.

a load, and securg all' conductors in the same direction, 90 degrees to the back of each sample

hble. This is to simulate
tor seal(s) as in actual
e production application
tructed. The tube should

Connect the free e

hdZof one of the tubes (or wires, if using) to a regulated pressure sour

ce and the other to the

pressure/vacuum gage. Completely submerse all samples into a container of the room temperature bath prepared in

step 3.

Slowly increase the air pressure of the regulated pressure source supplying the tube (wire) in each sample until the

monitored pressure within the CUT reads 48 kPa (7 psig). Upon the CUT reaching the specified pressure, observe
samples for a minimum of 15 seconds and verify that there are no air bubbles. Note the monitoring requirements outlined

in step 2.

Switch the regulated source from pressure to vacuum. Decrease the air pressure until the monitored pressure within

the CUT reads negative 48 kPa (7 psig) and hold for a minimum of 15 seconds. Note the monitoring requirements

outlined in step 2.

Immediately perform insulation resistance per 5.5.1.

Remove the samples from the water, shake off excess fluid and then carefully dry all exterior surfaces of the sample.
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10.

For test sequences S, RSAA, T, or TUAB (see 5.9.7), see sequence for appropriate conditioning then proceed to step
11. For sequence W (see 5.9.9), proceed to next step.

Place the samples in a temperature chamber stabilized at the maximum ambient temperature for the temperature class
selected from Table 5.1.4.1 for the CUT. Heat soak all samples for 70 hours. After the heat soak, remove the samples

from the chamber and allow the samples to cool to room temperature.

11.

12.

5.6.6.4

Acceptance Criteria

Repeat steps 4 to 9 except limit pressure in step 6 and the vacuum in step 7 to 28 kPa (4 psig).

At the conclusion of the test, measure the CUT/TUT as required per appropriate test sequencing table.

1. Upon reaching the

exiting any test sam
2. Verify conformance

5.6.7 High Pressure §

5.6.7.1  Purpose
Assess the ability of sed
direct road splash or wh
(see 5.1.4.2). This test
pressure spray standalqg
to ISO 20653 with an IP

5.6.7.2 Equipment

High pressure spray
Heated water 80 °C
Fan jet nozzle per H
Device holder

Rotating table

specified positive internal pressure and holding for 15 seconds, there sha
ple.

of CUT/TUT per corresponding measurement section as identified in 5.9.

bpray

led connection systems to withstand high pressure spray that may be eno
ere high-pressure washing is performed. Perfoerm this test for sealed class
s used for test sequences AA, RSAA, AB, ‘and TUAB (see 5.9.7) for full
ne test sequence AD (see 5.9.9). The high-pressure spray test, when perfq
X9K degree of protection.

er capable of Figure 5.6.7:3<1 configuration and Table 5.6.7.3-1 specificat
+5°C

igure 5.6.7.3-2

Il be no bubbles visible

ountered where there is
S2.5 and S3 connectors
validations and for high
rmed at level S3, aligns

ons

5.6.7.3 Procedure

NOTE: The procedure that follows tests to level S2.5 first and then to level S3. Omit steps 4 and 5 if the customer does not
want an S2.5 evaluation to be performed. Omit steps 6, 7, and 8 if the customer does not want an S3 evaluation to

be performed.

Ensure CUT includes all applicable wedges (TPAs, PLRs, seals, etc.). Number each mated connector pair.

Use samples from prior PV testing, if available. If standalone testing, prepare samples per 5.6.6.3-4. Mount the CUT
onto the device holder such that the connector lays flush against the turntable with wires parallel to the table. See Figure
5.6.7.3-1 for mounting position details. See Figure 5.6.7.3-2 for details on how to mount large connectors. See Figure
5.6.7.3-3 for spray nozzle details.

Position the sprayer at position 1 and initiate turntable rotation.


https://saenorm.com/api/?name=41acf469456ccdf8baca6df8b9c96dbc

SAE/USCAR-2 REVISION 9 Revised 2024-12
PERFORMANCE SPECIFICATION FOR
AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS -71-

4. With the table rotating, spray the CUT as specified in Table 5.6.7.3-1 for level “S2.5.”

5. Remove samples from the chamber, shake off excess fluid and then carefully dry all exterior surfaces of the sample.
Immediately perform the insulation resistance test of 5.5.1.

6. Position the sprayer at a 0 degrees and initiate turntable rotation (if not already in place on turntable).
7. With the table rotating, spray the CUT as specified in Table 5.6.7.3-1 for level “S3.”

8. Remove samples from the chamber, shake off excess fluid and then carefully dry all exterior surfaces of the sample.
Immediately perform the insulation resistance test of 5.5.1.

9. At the conclusion offthe test, measure the CUT/TUT as required per appropriate test sequencipg table.

MNozzle

Position 1
/

Test sample

|
0° \Referen ce points

Support — | j I (0%, 30° 60° and 907
Rotating axis

Figure 5.6.7.3-1 - Spray nozzle and table arrangement
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Position 4 . Nozzle

Position 3 o - B
. : . ) *Connectors should be placed where each connector
Position 2 ) sedling surface is able to fit within the 100mm to 150mm zone
at some point during the 360° of rotation. The customer
i ' / should be consulted in cases where the connector sealing

S~ i / surfaces are not able fo fit within the 100mm to 150mm zone

. ;- , / at some peoint during the 34607 of rofjation.

/ ~ ) Sample

/ .
,r'! f_/ \/ \.\
/ | — -S0mn
/ / / ha A\
/ /
/ / / T
;|' I,l' ."ll . 7 i o
Position 1 | / 52177\ %g/
|| !I II I| é il G E_
i | |I |I ~0° % ) I:@
o | / o .
o' } | | i / =l
8 e, T %
pad
s _EEﬂ: 2 Z
= \
100mmn to 150mm to sealing surface— N ‘”'“x-..__x \\_
' I Sealing surfaces must be within shaded regicns
gmal D
Refafing Axis— —D‘ —
Rigure 5.6.7.3-2.- Detail on spray nozzle placement for large connectors
Table 5.6.7.3-1 - Specification for high pressure spray testing
Sealing Spray Water Exposjure
Level™ Requirements Pressure and Temp Timg
1900 to 2400 kPa, | 30 sec. each at positions 1, 2, 3, and 4

Turntable Speed = 5 rpm £ 1 rpm
S2.5 Water flow: 14 to 16 L/min 80°C+5°C per Figure 5.6.7.3-1 (x5 °C)

Turntable Speed = 5 rpm £ 1 rpm 8000 to 10000 kPa, | 30 sec. each at positions 1, 2, 3, and 4
S3 Water flow: 14 to 16 L/min 80°C+5°C per Figure 5.6.7.3-1 (x5 °C)

NOTES:
() Per Table 5.1.4.2.
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Scatter
area

M easurina area Mozzle

o a b
. 30+10 100 8+2
30+10 150 10+2

| 2 DD OO SO NOODODDO0N

5.6.7.4 Acceptance (

1. Level “S3” requires
2. Level “S2.5” require|
3. Verify conformance
5.7 Tests for Headerg
5.7.1 Header Pin Ret
5.71.1 Purpose

The header pin retentio
connectors. It may also

Proper pin retention en
disengagement of the m

such as pin blocks or other sub-assemblies. The module and/or connector suppliers need to detern

process these requirem

Dispersion of weter jet
Figure 5.6.7.3-3 - High pressure nozzle spray range and.distance
riteria
passing IR test after spray level “S3 is performed.”
5 passing IR test after spray level “S2.5” is performed.

of CUT/TUT per corresponding measurement section as identified in 5.9.

ention

h test is used to detérmine the retention of the male terminal in stitched
be used to test(the attachment of male pins when staked or soldered d
sures that the.terminal will not be displaced by forces associated with n
ating connector. These requirements apply to finished devices only and not

bnts willbe tested and verified.

br insert molded header
irectly to circuit boards.
ormal engagement and
to “in-process” products
hine at what stage of the

5.7.1.2 Equipment

Appropriate fixtures

e Collets, mandrels, o

Insertion/retention force tester with peak reading feature

to hold the connector

r jaws to grip the terminal or pin in a longitudinal direction as needed
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